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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.


      
        Imagining the physics of George R.R. Martin's fictional universe
        Researchers have derived a formula for viral behavior in the Wild Cards, a science fiction series written by a collection of authors about an alien virus called the Wild Card that mutates human DNA. The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

      

      
        New twist in mystery of dinosaurs' origin
        The remains of the earliest dinosaurs may lie undiscovered in the Amazon and other equatorial regions of South America and Africa, suggests a new study.

      

      
        Rare pterosaur fossil reveals crocodilian bite 76m years ago
        The fossilized neck bone of a flying reptile unearthed in Canada shows tell-tale signs of being bitten by a crocodile-like creature 76 million years ago, according to a new study.

      

      
        Adults diagnosed with ADHD may have reduced life expectancies
        Adults who have been diagnosed with attention deficit hyperactivity disorder (ADHD) may be living shorter lives than they should, finds a new study.

      

      
        Curiosity- driven experiment helps unravel antibiotic-resistance mystery
        An international collaboration has achieved an important breakthrough in understanding the genetic mechanisms that allow bacteria to build resistance to drugs.

      

      
        Claims for the world's deepest earthquake challenged by new analysis
        The magnitude 7.9 Bonin Islands earthquake sequence, which ruptured deep within the earth near the base of the upper mantle, did not include an aftershock that extended to record depths into the lower mantle, according to a new study.

      

      
        By the numbers: Diarylethene crystal orientation controlled
        Researchers have succeeded in controlling the arrangement of photochromic crystals known as diarylethenes.

      

      
        Physicists pioneer entanglement microscopy algorithm to explore how matter entangles in quantum many-body systems
        A research team has recently developed a novel algorithm in quantum physics known as 'entanglement microscopy' that enables visualization and mapping of this extraordinary phenomenon at a microscopic scale. By zooming in on the intricate interactions of entangled particles, one can uncover the hidden structures of quantum matter, revealing insights that could transform technology and deepen the understanding of the universe.

      

      
        Solving the evolutionary puzzle of polyploidy: how genome duplication shapes adaptation
        Scientists have developed a theoretical model that uncovers the dual role of polyploidy -- organisms carrying extra genome copies -- in evolution. Their findings reveal that polyploidy can stabilize populations in predictable environments, where the evolution of novel traits is not required, enabling organisms to adapt and thrive in challenging conditions by accelerating evolutionary innovation. This breakthrough offers fresh insights into evolutionary mechanisms and their implications for microb...

      

      
        Using infrared heat transfer to modify chemical reactions
        Researchers have shown for the first time that heat transfer in the form of infrared radiation can influence chemical reactions more strongly than traditional convection and conduction methods.

      

      
        Study shows anti-clotting drug reduced bleeding events in patients with atrial fibrillation
        Researchers evaluated a drug that represents a new class of anticoagulants known as Factor XI inhibitors for treating patients with atrial fibrillation as part of the AZALEA-TIMI 71 Study. The trial was stopped early by the recommendation of the Data Monitoring Committee due to an overwhelming reduction in bleeding compared to standard-of-care treatment.

      

      
        Significant rise in mental health admissions for young people in last decade
        There was a 65% increase in the number of children and young people being admitted to general acute medical wards in hospitals in England because of a mental health concern between 2012 and 2022, finds a new study.

      

      
        Stronger stress response in monkeys helps them survive
        Researchers used the environmental circumstances and fecal samples collected from the six years prior to the severe El Ni o drought in Costa Rica to study the relationship between the endocrinologic stress response and survival in white-faced capuchin monkeys. Monkeys who showed a steeper rise in these stress hormones during the mild droughts were more likely to survive the severe El Nino drought. As weather intensifies globally, longitudinal studies of how wild animals cope with changes in tempe...

      

      
        Researchers develop biomarker algorithm for noninvasive detection of Barrett's esophagus and esophageal cancer
        By studying biomarkers known to be involved in gastrointestinal cancers, researchers have developed a biomarker algorithm that, when combined with a noninvasive method to collect esophageal cells for study, could give clinicians insight into which patients have esophageal cancer or precancerous conditions such as Barrett's esophagus (BE) or high-grade dysplasia.

      

      
        T cells rise up to fight infections in the gut
        Pathogen-fighting immune cells called tissue-resident memory CD8 T cells (TRM cells) go through a surprising transformation -- and relocation -- as they fight infections in the small intestine.

      

      
        Researchers create new guidelines to diagnose common memory disorder frequently mistaken for Alzheimer's Disease
        New guidelines will help doctors identify patients with a common memory-loss syndrome that is often misdiagnosed as Alzheimer's disease in older adults. The diagnostic criteria for limbic-predominant age-related TDP-43 encephalopathy (LATE) have just been published. These guidelines are an important first step in advancing clinical trials and treatments for this lesser-known, but common type of memory loss disorder.

      

      
        New research uncovers exotic electron crystal in graphene
        Researchers have identified a new class of quantum states in a custom-engineered graphene structure. The study reports the discovery of topological electronic crystals in twisted bilayer -- trilayer graphene, a system created by introducing a precise rotational twist between stacked two-dimensional materials.

      

      
        Float like a jellyfish: New coral mobility mechanisms uncovered
        When it comes time to migrate, new research has found how a free-living coral ignores the classic advice and goes straight towards the light.

      

      
        PET probe images inflammation with high sensitivity and selectivity
        Researchers have developed a breakthrough method to detect inflammation in the body using positron emission tomography (PET) imaging. This innovative probe targets CD45, a marker abundantly expressed on all immune cells but absent from other cell types.

      

      
        Biodegradable nylon precursor produced through artificial photosynthesis
        Scientists have developed an artificial photosynthesis technology that produces precursors of biodegradable nylon from biomass-derived compounds and ammonia.

      

      
        A way for smartwatches to detect depression risks
        A international research team developed a digital biomarker for predicting symptoms of depression based on data collected by smartwatches.

      

      
        Dining out with San Francisco's coyotes
        As their traditional dining options dwindle, the native coyotes of San Francisco are shifting what they eat. A new study reveals what's on the menu.

      

      
        Many Roads Lead to... the embryo
        Is there only one optimal configuration an organism can reach during evolution? Is there a single formula that describes the trajectory towards the optimum? And can we 'derive' it in a purely theoretical fashion? A team of researchers has answers. Their mathematical model forecasts the ideal body plan of a fruit fly's early embryo, suggesting that evolution might had many optimal options at its disposal.

      

      
        From soot particle filters to renewable fuels
        Unraveling the chemical processes in soot particle filters reveals new ways to produce synthetic fuels.

      

      
        Exposure to stress during early pregnancy affects offspring into adulthood
        Maternal stress hormone levels during early pregnancy can have a lasting effect on the stress system of the offspring. The results of a long-term study on wild Assamese macaques in Thailand indicate that maternal stress in the first half of pregnancy is particularly relevant. Elevated stress hormones later during pregnancy or after birth did not have the same effects. The long-term study provides important insights into the influence of early life stages on the development of the stress system un...

      

      
        Drug candidate eliminates breast cancer tumors in mice in a single dose
        Despite significant therapeutic advances, breast cancer remains a leading cause of cancer-related death in women. Treatment typically involves surgery and follow-up hormone therapy, but late effects of these treatments include osteoporosis, sexual dysfunction and blood clots. Now, researchers have created a novel treatment that eliminated small breast tumors and significantly shrank large tumors in mice in a single dose, without problematic side effects.

      

      
        Fossil discovery in the Geiseltal Collection: Researchers identify unique bird skull
        Around 45 million years ago, a 4.6 feet-tall (1.40 meters) flightless bird called Diatryma roamed the Geiseltal region in southern Saxony-Anhalt. An international team of researchers report on the bird's fully preserved skull. The fossil was unearthed in the 1950s in a former lignite mining area in the Geiseltal in Germany. It was initially misclassified and thus led a shadowy existence until its rediscovery. The only other place that a similar skull fossil has been found is the USA.

      

      
        Grass surfaces drastically reduce drone noise making the way for soundless city skies
        Porous land such as foliage significantly lowers noise made by drones and air taxis which could reduce disturbances for urban communities as Urban Air Mobility (UAM) grows.

      

      
        Researchers unlock new insights into tin-based catalysts for electrochemical CO2 reduction
        A group of researchers have analyzed thousands of reports from the past decade, identifying a tin-based catalyst that aids the production of formic acid, an indispensable chemical in various industries, and makes the process greener.

      

      
        Hot or cold? How the brain deciphers thermal sensations
        Thermal sensations are consciously differentiated as hot or cold by the brain; however, the neural mechanism that enables this differentiation is not well understood. To address this, researchers have used electroencephalography to record brain activity during hot or cold stimuli. They found that while both temperatures activate the same ten cortical regions, their patterns of EEG across frequencies differ, influencing behavior. These findings contribute to developing objective methods for evalua...

      

      
        Green tea-based adhesive films show promise as a novel treatment for oral mucositis
        Oral mucositis is a painful condition in which the mucous membranes inside the mouth become inflamed. To help alleviate this, researchers have developed a mucoadhesive film using xyloglucan and antioxidant-rich green tea extract containing catechins. With its strong adhesive properties, the film directly adheres to the affected area. Made from accessible ingredients, this solution could provide localized relief and improve the quality of life for patients.

      

      
        Single-cell elemental analysis using Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
        Inductively coupled plasma mass spectrometry (ICP-MS) is prominently used for analyzing elemental composition in individual cells. However, the conventional sample introduction system of ICP-MS causes damage to large mammalian cells. Now, researchers suggest an efficient method of introducing mammalian cells using a microdroplet generator that maintains the cell's structure without compromising elemental composition. These findings can open new avenues for the diagnosis and prognosis of diseases.

      

      
        Researchers make breakthrough in bioprinting functional human heart tissue
        Researchers have developed a way of bioprinting tissues that change shape as a result of cell-generated forces, in the same way that it happens in biological tissues during organ development. The breakthrough science focused on replicating heart tissues, bringing research closer to generating functional, bioprinted organs, which would have broad applications in disease modelling, drug screening and regenerative medicine.

      

      
        New epilepsy tech could cut misdiagnoses by nearly 70% using routine EEGs
        Doctors could soon reduce epilepsy misdiagnoses by up to 70% using a new tool that turns routine electroencephalogram, or EEG, tests that appear normal into highly accurate epilepsy predictors, a study has found.

      

      
        Childhood epilepsy may predispose to memory disorders later in life
        Researchers demonstrated that individuals who had childhood epilepsy have an increased accumulation of brain amyloid later in life, potentially predisposing them to late-onset brain amyloid disorders, such as Alzheimer's disease.

      

      
        How your brain learns from rewards might hold the key to treating depression
        Using computational models, the researchers studied how the brain's reward-learning system functions in those with depression, especially among individuals experiencing anhedonia, the inability to feel pleasure. By analyzing dopamine-linked responses, they identified unique brain activity patterns that could help predict who is likely to recover.

      

      
        Study shows travelers are dreaming forward, not looking back
        When it comes to getting people to want to go places, the future is ever more lovely than the past, according to a new study. The study found that forestalgia-focused destination ads -- those that emphasize an idealized future -- are more effective at enticing travelers to click the purchase button for a vacation than ads based on fond recollections.

      

      
        SIDS discovery could ID babies at risk of sudden death
        New research revealing the fingerprints of Sudden Infant Death Syndrome within blood samples could open the door to simple tests to identify babies at risk.

      

      
        Copper-detection tool designed to discover possible chelation target for lung cancer
        Copper chelation shows promising results in certain lung cancers where cells have two related phenomena: a heightened transcription factor responding to oxidative stress and a diminished level of bioavailable copper. Copper imbalances have long been implicated in cancer cell growth and other disease states.

      

      
        Fighting experience plays key role in brain chemical's control of male aggression
        Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.

      

      
        AI in cell research: Moscot reveals cell dynamics in unprecedented detail
        Thanks to a new technology called Moscot ('Multi-Omics Single-Cell Optimal Transport'), researchers can now observe millions of cells simultaneously as they develop into a new organ -- for example, a pancreas.

      

      
        Final synthetic yeast chromosome unlocks new era in biotechnology
        Scientists have completed construction of the final chromosome in the worlds' first synthetic yeast genome following more than a decade of work, opening new possibilities for creating resilient, engineered organisms.

      

      
        Research shows PTSD, anxiety may affect reproductive health of women firefighters
        Investigators found negative mental health conditions among women firefighters may reduce levels of key hormone associated with ovarian reserve.

      

      
        Recommendations for studying the impact of AI on young people's mental health
        Experts highlight the need for a clear framework when it comes to AI research, given the rapid adoption of artificial intelligence by children and adolescents using digital devices to access the internet and social media.

      

      
        Wild baboons not capable of visual self-awareness when viewing their own reflection
        Wild baboons failed to demonstrate visual self-recognition in a test carried out by anthropologists.

      

      
        Here's what's causing the Great Salt Lake to shrink
        The Great Salt Lake, the largest saltwater lake in the Western Hemisphere, reached historic low levels in 2022, raising economic, ecological and public health concerns for Utah. New research is believed to be the first peer-reviewed study that quantifies the contributing factors to the record low water volume levels, which the researchers say is important for anticipating and managing future lake changes.

      

      
        Can DNA-nanoparticle motors get up to speed with motor proteins?
        DNA-nanoparticle motors are exactly as they sound: tiny artificial motors that use the structures of DNA and RNA to propel motion by enzymatic RNA degradation. Essentially, chemical energy is converted into mechanical motion by biasing the Brownian motion. The DNA-nanoparticle motor uses the 'burnt-bridge' Brownian ratchet mechanism. In this type of movement, the motor is being propelled by the degradation (or 'burning') of the bonds (or 'bridges') it crosses along the substrate, essentially bias...

      

      
        Dolphins use a 'fat taste' system to get their mother's milk
        Juvenile dolphins were found to have specialized receptors for fatty acids on their tongues, offering new insights into their growth and feeding habits.

      

      
        New study uncovers key mechanism behind learning and memory
        A breakthrough study sheds new light on how brain cells relay critical information from their extremities to their nucleus, leading to the activation of genes essential for learning and memory.

      

      
        Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state
        A new study has identified a group of neurons that, when activated, can induce a hypometabolic state, akin to hibernation. The discovery could have far-reaching implications for conditions like obesity, cardiometabolic diseases, and even for space travel. The research team found that these neurons regulate key aspects of the brain-heart-gut axis.
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Imagining the physics of George R.R. Martin's fictional universe | ScienceDaily
Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.


						
In independent research published in the American Journal of Physics, from AIP Publishing, Tregillis and George R.R. Martin derive a formula for viral behavior in the Wild Cards universe. 

Wild Cards is a science fiction series written by a collection of authors and edited by Martin and Melinda M. Snodgrass. Sitting at over 30 volumes, the books are about an alien virus called the Wild Card that mutates human DNA. Martin is credited as a co-author of the paper, making it his first peer-reviewed physics publication.

The idea to explore the science behind the fictional virus came from a series of blog posts on the Wild Cards website.

"Like any physicist, I started with back-of-the-envelope estimates, but then I went off the deep end. Eventually I suggested, only half-jokingly, that it might be easier to write a genuine physics paper than another blog post," Tregillis said. "Being a theoretician, I couldn't help but wonder if a simple underlying model might tidy up the canon."

The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

Tregillis shared that deriving this physical model was a fun but open-ended puzzle. After some trial and error of models based on fractals or thermodynamic analogies, he and Martin settled on the Lagrangian approach.

"We translated the abstract problem of Wild Card viral outcomes into a simple, concrete dynamical system. The time-averaged behavior of this system generates the statistical distribution of outcomes," he said.

While the Wild Card virus can be modeled by physics, Tregillis emphasized that it isn't a hard-and-fast rule in the canon.

"Good storytelling is about characters: their wants, needs, obstacles, challenges, and how they interact with their world," Tregillis said. "The fictional virus is really just an excuse to justify the world of Wild Cards, the characters who inhabit it, and the plot lines that spin out from their actions."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250123113100.htm
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New twist in mystery of dinosaurs' origin | ScienceDaily
The remains of the earliest dinosaurs may lie undiscovered in the Amazon and other equatorial regions of South America and Africa, suggests a new study led by UCL (University College London) researchers.


						
Currently, the oldest known dinosaur fossils date back about 230 million years and were unearthed further south in places including Brazil, Argentina and Zimbabwe. But the differences between these fossils suggest dinosaurs had already been evolving for some time, pointing to an origin millions of years earlier.

The new study, published in the journal Current Biology, accounted for gaps in the fossil record and concluded that the earliest dinosaurs likely emerged in a hot equatorial region in what was then the supercontinent Gondwana -- an area of land that encompasses the Amazon, Congo basin, and Sahara Desert today.

Lead author and PhD student Joel Heath (UCL Earth Sciences and the Natural History Museum, London) said: "Dinosaurs are well studied but we still don't really know where they came from. The fossil record has such large gaps that it can't be taken at face value.

"Our modelling suggests that the earliest dinosaurs might have originated in western, low-latitude Gondwana. This is a hotter and drier environment than previously thought, made up of desert- and savannah-like areas.

"So far, no dinosaur fossils have been found in the regions of Africa and South America that once formed this part of Gondwana. However, this might be because researchers haven't stumbled across the right rocks yet, due to a mix of inaccessibility and a relative lack of research efforts in these areas."

The modelling study drew on fossils and evolutionary trees of dinosaurs and their close reptile relatives, as well as the geography of the period. It accounted for gaps in the fossil record by treating areas of the globe where no fossils had been found as missing information rather than areas where no fossils exist.




Initially, early dinosaurs were vastly outnumbered by their reptile cousins.

These included the ancestors of crocodiles, the pseudosuchians (an abundant group including enormous species up to 10 metres long), and pterosaurs, the first animals to evolve powered flight (flying by flapping wings rather than gliding), who grew as big as fighter jets.

By contrast, the earliest dinosaurs were much smaller than their descendants -- more the size of a chicken or dog than a Diplodocus. They walked on two legs (were bipedal) and most are thought to have been omnivores.

Dinosaurs became dominant after volcanic eruptions wiped out many of their reptile relatives 201 million years ago.

The new modelling results suggested that dinosaurs as well as other reptiles may have originated in low-latitude Gondwana, before radiating outwards, spreading to southern Gondwana and to Laurasia, the adjacent northern supercontinent that later split into Europe, Asia and North America.

Support for this origin comes from the fact it is a midpoint between where the earliest dinosaurs have been found in southern Gondwana and where the fossils of many of their close relatives have been discovered to the north in Laurasia.




As there is uncertainty about how the most ancient dinosaurs were related to one another and to their close relatives, the researchers ran their model on three proposed evolutionary trees.

They found strongest support for a low-latitude Gondwanan origin of the dinosaurs in the model that counted silesaurids, traditionally regarded as cousins of dinosaurs but not dinosaurs themselves, as ancestors of ornithischian dinosaurs.

Ornithischians, one of the three main dinosaur groups that later included plant eaters Stegosaurus and Triceratops, are mysteriously absent from the fossil record of these early years of the dinosaur era. If silesaurids are the ancestors of ornithischians, this helps to fill in this gap in the evolutionary tree.

Senior author Professor Philip Mannion (UCL Earth Sciences) said: "Our results suggest early dinosaurs may have been well adapted to hot and arid environments. Out of the three main dinosaur groups, one group, sauropods, which includes the Brontosaurus and the Diplodocus, seemed to retain their preference for a warm climate, keeping to Earth's lower latitudes.

"Evidence suggests the other two groups, theropods and ornithischians, may have developed the ability to generate their own body heat some millions of years later in the Jurassic period, allowing them to thrive in colder regions, including the poles."

The earliest known dinosaurs include Eoraptor, Herrerasaurus, Coelophysis, and Eodromaeus.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250123113057.htm
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Rare pterosaur fossil reveals crocodilian bite 76m years ago | ScienceDaily
The fossilised neck bone of a flying reptile unearthed in Canada shows tell-tale signs of being bitten by a crocodile-like creature 76 million years ago, according to a new study published today [23 January] in the Journal of Palaeontology.


						
The juvenile pterosaur vertebra, discovered in Dinosaur Provincial Park, Alberta, bears a circular four-millimetre-wide puncture mark from a crocodilian tooth. Researchers from the Royal Tyrrell Museum of Palaeontology (Canada), the University of Reading (UK) and the University of New England (Australia) say this rare evidence provides insight into predator-prey dynamics in the region during the Cretaceous Period.

The discovery was made during an international field course that took place in July 2023, led by Dr Brian Pickles from the University of Reading.

Dr Caleb Brown from the Royal Tyrrell Museum of Palaeontology is the lead author of the paper. He said: "Pterosaur bones are very delicate -- so finding fossils where another animal has clearly taken a bite is exceptionally uncommon. This specimen being a juvenile makes it even more rare."

Dinosaur Provincial Park has produced some of the most important dinosaur fossil discoveries ever made.

The punctured vertebra belongs to a young Azhdarchid pterosaur (Cryodrakon boreas), with an estimated wingspan of two metres. Adults of this species would have been as tall as a giraffe with a wingspan in the region of 10m.

The researchers used micro-CT scans and comparisons with other pterosaur bones to confirm the puncture is not a result of damage during fossilisation or excavation, but an actual bite.

Dr Brian Pickles from the University of Reading and co-author of the paper said: "Bite traces help to document species interactions from this period. We can't say if the pterosaur was alive or dead when it was bitten but the specimen shows that crocodilians occasionally preyed on, or scavenged, juvenile pterosaurs in prehistoric Alberta over 70 million years ago."

The paper also shows that this new bone documents the first evidence in North America of ancient crocodilians opportunistically feeding on these giant prehistoric flying reptiles. Other examples of Azhdarchid bones with possible crocodilian bites have previously been found in Romania.
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Adults diagnosed with ADHD may have reduced life expectancies | ScienceDaily
Adults who have been diagnosed with attention deficit hyperactivity disorder (ADHD) may be living shorter lives than they should, finds a world-first study led by UCL researchers.


						
The research, published in The British Journal of Psychiatry, analysed anonymised primary care data from 30,029 adults across the UK with diagnosed ADHD.

They then compared this group with 300,390 participants without ADHD, who were matched by age, sex, and primary care practice.

The researchers found an apparent reduction in life expectancy for men with diagnosed ADHD of between 4.5 and 9 years, and between 6.5 and 11 years for women.

Senior author, Professor Josh Stott (UCL Psychology & Language Sciences), said: "It is deeply concerning that some adults with diagnosed ADHD are living shorter lives than they should.

"People with ADHD have many strengths and can thrive with the right support and treatment. However, they often lack support and are more likely to experience stressful life events and social exclusion, negatively impacting their health and self-esteem."

The study also found that fewer than one in nine adults with ADHD had been diagnosed -- meaning that only a fraction of the total population of adults with ADHD could be studied.




Professor Stott added: "We know from studies of traits in the community and from studies of childhood diagnosis that the rate of ADHD in our sample is just a fraction of what it should be."

People with ADHD experience differences in the way they focus their attention. They often have high energy and an ability to focus intensely on what interests them. However, they may find it difficult to focus on mundane tasks.

This can lead to more impulsiveness, restlessness, and differences in planning and time management, which may make it harder to succeed at school and work, leading to longer-term challenges. ADHD is present from childhood and is increasingly recognised to persist in adults.

ADHD is under-treated in adults in the UK compared to in other high-income countries, and support is under-resourced.

This is the first time that researchers have estimated the life expectancy of UK adults diagnosed with ADHD.

However, they note that because ADHD often goes undiagnosed -- especially in adults -- the new research may over-estimate the reduction in life expectancy experienced by people with ADHD on average.




Lead author, Dr Liz O'Nions (UCL Psychology & Language Sciences and Bradford Institute for Health Research), said: "Only a small percentage of adults with ADHD have been diagnosed, meaning this study covers just a segment of the entire community.

"More of those who are diagnosed may have additional health problems compared to the average person with ADHD. Therefore, our research may over-estimate the life expectancy gap for people with ADHD overall, though more community-based research is needed to test whether this is the case."

At present, there is a lack of specialist services to support adults with ADHD in the UK.

For example, a previous national survey of adults aged 16-64 found that a third of those with ADHD traits were in receipt of medication or counselling for a mental health problem, compared to 11% of people without ADHD.

Nearly 8% of people who screened positive for ADHD reported that they had requested a particular mental health treatment in the past 12 months but had not received it, compared to only 1% of those who did not screen positive.

This suggests that adults with ADHD are presenting to services, but services are not equipped to support them, even though the impact of ADHD and need to identify and treat it is recognised in NHS guidelines.

This is a leading concern, as treatment and support for ADHD is associated with better outcomes, such as reduced mental health problems and substance use.

Dr O'Nions said: "Although many people with ADHD live long and healthy lives, our finding that on average they are living shorter lives than they should indicates unmet support needs. It is crucial that we find out the reasons behind premature deaths so we can develop strategies to prevent these in future."

Study limitations

The study data meant that the researchers did not have information regarding cause of death, so it was not possible to attribute years of lost life to different causes.

A lack of specialist services for adult ADHD assessment in the UK also means that diagnosed adults may overrepresent those who have co-occurring mental health and/or neurodevelopmental conditions, which could confound the results and lead to an overestimation of years-of-life-lost.

The present findings may not generalise to other countries, time periods, or settings.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250123110251.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Curiosity- driven experiment helps unravel antibiotic-resistance mystery | ScienceDaily
An international collaboration has achieved an important breakthrough in understanding the genetic mechanisms that allow bacteria to build resistance to drugs.


						
Bacteria have multiple defence mechanisms they can use to build resistance to antibiotics, one of the major problems facing public health globally.

One of these mechanisms involves plasmids, small DNA molecules in bacterial cells, which have their own independent genome and carry antibiotic resistance.

If we can work out the roles plasmids play inside bacteria, then we can use the information to develop a new generation of therapeutics that can target drug resistant infections.

John Innes Centre researchers and partners used a model plasmid called RK2 that is used globally to study clinically relevant plasmids that transmit antimicrobial resistance.

Their initial focus was a molecule called KorB which is essential for plasmids to survive within their bacterial hosts. This DNA-binding protein was previously known to have played a role in controlling gene expression but how this happens was unclear.

To figure this out they teamed up with leading experts from Madrid, New York and Birmingham, UK..




Using advanced microscopy and protein crystallography techniques, the research team discovered that KorB interacts with another molecule called KorA. This KorB-KorA regulatory system shuts down bacterial gene expression, KorB acting as a DNA sliding clamp and KorA as a lock which holds KorB in place.

Together this complex shuts off gene expression to keep the plasmid safe within its bacterial host.

This newly discovered mechanism offers a fresh insight into long-range gene silencing in bacteria. This is the phenomenon by which regulatory elements such as the KorB-KorA complex can interact with distant target genes, in this case switching them off so that the plasmid can survive in the bacterial host.

First author of the study Dr Thomas McLean, a postdoctoral researcher at the John Innes Centre, says the discovery is a triumph of curiosity-driven science: "Originally this project set out to focus on KorB. Then a lucky "Friday afternoon" experiment, which was done purely of curiosity, brought our focus onto the ability for KorA to clamp KorB in the right place at the right time. This was a huge breakthrough that drastically changed the direction of the project. Our study provides a new paradigm for bacterial long-range gene regulation and offers a target for novel therapeutics to destabilise plasmids in their host and re-sensitise them to antibiotics."

The study solves a decades long conundrum in the field, of how the critical protein KorB controls when genes are switched on and off in the multi-drug-resistant plasmid RK2 in bacteria.

The research is being expanded to include more clinically relevant plasmids and to probe further into the KorB-KorA mechanism to see how it disassembles at the correct time.

KorB switching from DNA-sliding clamp to repressor mediates long-range gene silencing in a multi-drug resistance plasmid is in Nature Microbiology.
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Claims for the world's deepest earthquake challenged by new analysis | ScienceDaily
The magnitude 7.9 Bonin Islands earthquake sequence, which ruptured deep within the earth near the base of the upper mantle, did not include an aftershock that extended to record depths into the lower mantle, according to a study in The Seismic Record.


						
When Hao Zhang of the University of Southern California and colleagues re-examined the aftershock sequence of the May 2015 earthquake, they did not find evidence for a 751-kilometer-deep aftershock as reported by previous researchers. This aftershock has been called the deepest earthquake ever recorded.

Instead, their study found a distribution of aftershocks that is compatible with a 12-kilometer sliver of a mantle mineral called olivine that could shed light on how deep earthquakes can occur.

The Bonin Islands earthquake, which ruptured 1000 kilometers offshore of Japan in a remote part of the Pacific Ocean, is one of the deepest and largest earthquakes ever recorded. The earthquake took place within the Izu-Bonin subduction zone 680 kilometers below the Earth's surface.

The mechanisms behind deep earthquakes -- those occurring 500 kilometers or deeper -- are something of a mystery to seismologists. Extremely high pressures and temperatures at these depths make rock more likely to bend or deform plastically, rather than break in the brittle fashion that causes earthquake rupture at shallower depths.

These earthquakes also typically produce few aftershocks, Zhang noted, which could provide useful data to understand how these deep events are generated at subduction zones.

Plastic deformation "limits the formation of extensive fracture networks that would typically generate aftershocks," he said. "Additionally, the high confining pressures promote efficient redistribution of stress following the mainshock, further reducing the likelihood of subsequent seismic events."

One previous study of the Bonin Islands earthquake reported a foreshock sequence for the event, while a second study detected a potentially record-breaking deep aftershock in the lower mantle.




"Both findings could significantly advance our understanding of deep earthquakes, if accurate," said Zhang. "However, these two catalogs are inconsistent, and both have methodological limitations. Therefore, it is essential to re-examine the aftershock sequence using improved techniques."

To gain a better look at the deep and remote earthquake, Zhang and colleagues turned to data collected by a dense seismic array in Japan called Hi-Net, using a combination of techniques to precisely locate seismic signals coming from the event.

Their new analysis detected no foreshocks but identified 14 aftershocks in the upper mantle within a 150-kilometer radius of the earthquake's hypocenter. One set of aftershocks aligned with the rupture plane of the earthquake one week after the mainshock, with a second set dispersing over a wider area during the second week.

"While it remains challenging to definitely reject the existence of seismicity initiated in the lower mantle and its associated mechanisms, our results do reject the most compelling lower mantle seismicity claim to date," the researchers write in their paper.

The aftershock pattern is compatible with the presence of a metastable olivine wedge or MOW, the researchers suggested. In a subducting slab, olivine can delay its transition into other mineral states under high temperature and pressure. "This delayed transformation may generate stress and release energy, potentially triggering deep earthquakes," Zhang said.

With MOWs as potential earthquake nucleation sites, some researchers have proposed this mechanism of transformational faulting as one of the main ways that deep earthquakes occur, he added.

"Furthermore, MOWs offer insights into the thermal structure and behavior of subducting slabs, with colder slabs being more likely to preserve metastable olivine at greater depths," Zhang added. "By studying MOWs, we can refine models of deep earthquake generation and improve our understanding of the dynamic processes in Earth's interior."
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By the numbers: Diarylethene crystal orientation controlled | ScienceDaily
Photomechanical materials made of photochromic crystals, which change their molecular structure reversibly in response to light, have the potential to impact fields from semiconductors to pharmaceuticals. For the first time in the world, an Osaka Metropolitan University team has developed a crystal patterning method demonstrating that it is possible to control the orientation of photochromic crystals known as diarylethenes.


						
Diarylethene crystals not only change color when exposed to UV light, but also undergo various shape changes as the molecular structure changes. Graduate School of Engineering student Mami Isobe, lecturer Daichi Kitagawa, and Professor Seiya Kobatake focused on patterning to control the position and orientation of the crystals on a substrate using the sublimation method.

The team fabricated convex structures with a height of several microns and a width of a dozen or so microns on a substrate in the shape of a straight line and numerals from 0 to 20. By sublimating powdered crystals of diarylethene onto the substrate, the researchers demonstrated the ability to control the orientation of the crystals, as well as create minute crystals of diarylethene on convex structures.

"We expect the crystal patterning method developed to be applicable to semiconductor materials and pharmaceuticals, which are low-molecular-weight organic compounds similar to diarylethene," stated graduate student Isobe.

Professor Kobatake added, "To increase the versatility of this crystal patterning method in the future, we would like to analyze the effect of the size and shape of the convex structures on the substrate on crystal growth, and quantitatively explain the formation principle of the crystal patterns."

These findings were published in Small Methods.
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Physicists pioneer entanglement microscopy algorithm to explore how matter entangles in quantum many-body systems | ScienceDaily
Quantum entanglement -- a phenomenon where particles are mysteriously linked no matter how far apart they are -- presents a long-standing challenge in the physical world, particularly in understanding its behaviour within complex quantum systems.


						
A research team from the Department of Physics at The University of Hong Kong (HKU) and their collaborators have recently developed a novel algorithm in quantum physics known as 'entanglement microscopy' that enables visualisation and mapping of this extraordinary phenomenon at a microscopic scale. By zooming in on the intricate interactions of entangled particles, one can uncover the hidden structures of quantum matter, revealing insights that could transform technology and deepen the understanding of the universe.

This study, led by Professor Zi Yang MENG and co-authored by his PhD students Ting-Tung WANG and Menghan SONG of HKU Department of Physics, in collaboration with Professor William WITCZAK-KREMPA and PhD student Liuke LYU from the University of Montreal, unveils the hidden structures of quantum entanglement in many-body systems, offering a fresh perspective on the behaviour of quantum matter. Their findings were recently published in the journal Nature Communications.

A Breakthrough in Mapping Quantum Entanglement

Quantum entanglement describes a deep connection between particles, where the state of one particle is instantly linked to another, even across vast distances. Imagine rolling two dice in different locations -- quantum entanglement is like finding that the outcome of one die always determines the outcome of the other, no matter how far apart they are. This phenomenon, famously called 'spooky action at a distance' by Albert Einstein, is not just a theoretical curiosity but underpins technologies like quantum computing, cryptography, and the study of exotic materials and black holes. However, it is intrinsically difficult to obtain the entanglement information in quantum many-body systems both analytically and numerically due to the exponentially large degree of freedoms.

Researchers have addressed this challenge by developing 'entanglement microscopy', an innovative protocol based on large-scale quantum Monte Carlo simulation that can successfully extract the quantum entanglement information in small regions of quantum systems. By focusing on these microscopic areas, this method reveals how particles interact and organise themselves in intricate ways, especially near critical points in quantum phase transitions -- special states where quantum systems undergo profound changes in behaviour.

Their exploration focused on two prominent models at two-dimension: the transverse field Ising model and fermionic t-V model that realises the Gross-Neveu-Yukawa transition of Dirac fermions, each revealing fascinating insights into the nature of quantum entanglement. They discovered that at the Ising quantum critical point, entanglement is short-range, meaning particles are connected only over small distances. This connection can abruptly vanish due to changes in distance or temperature -- a phenomenon known as 'sudden death'. In contrast, their investigation of the fermionic transition revealed a more gradual decline in entanglement even at larger separations, indicating that particles can maintain connections despite being far apart.

Intriguingly, the team discovered that in two-dimensional Ising transitions, three-party entanglement was absent, yet present in one-dimensional systems. This implies that system dimensionality significantly affects entanglement behaviour. To simplify, low-dimensional systems are akin to a small group of friends where deep connections (complex multi-particle entanglement) are more probable. Conversely, high-dimensional systems, comparable to larger, more complex social networks, often suppress such connections. These findings provide important understanding of how entanglement structure alters with increasing system complexity.

Applications and Impact

This breakthrough has significant implications for advancing quantum technologies. By providing a clearer understanding of entanglement, it could help optimise quantum computing hardware and algorithms, enabling faster problem-solving in fields like cryptography and artificial intelligence. It also opens the door to designing next-generation quantum materials with applications in energy, electronics, and superconductivity. Furthermore, this tool could deepen our understanding of fundamental physics and improve quantum simulations in chemistry and biology.
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Solving the evolutionary puzzle of polyploidy: how genome duplication shapes adaptation | ScienceDaily
Evolution is the basis of biological diversity, driven by mechanisms that allow organisms to adapt and survive. One such mechanism is polyploidy, where organisms carry extra copies of their genomes. While polyploidy provides genetic redundancy by allowing mutations without affecting survival, it can also slow evolutionary progress by diluting beneficial mutations. This paradox has intrigued scientists for many years now, and a recent study from Earth-Life Science Institute (ELSI) at Institute of Science Tokyo offers new insights into polyploidy's role in evolution. Led by ELSI's Specially Appointed Associate Professor Tetsuhiro Hatakeyama, with contributions from the co-author, Associate Professor of Tokyo Metropolitan University Ryudo Ohbayashi, the study combines theoretical models and biological observations to explore how polyploidy affects genetic variance and evolution. The team's findings suggest that polyploidy can be both, a barrier and a driver of evolutionary change, depending on how innovative evolution is required to adapt to the environment.


						
Hatakeyama's interest in polyploidy traces back to his early work in molecular biology during his master's course, where he studied cyanobacteria experimentally. At the time, he wondered why these organisms had multiple copies of their genome. Though he couldn't resolve the mystery, his later work in theoretical physics led him and Ohbayashi to propose an answer after over 15 years. Hatakeyama explains, "We constructed a theoretical model in the simplest form we could imagine, and through this model, we found that polyploidy slows evolution in stable environments, where gradual evolution is required, but drives evolutionary innovation required to adapt to extreme conditions."

The study distinguishes between smooth fitness landscapes, where organisms' phenotype changes gradually, and rugged landscapes, where organisms must undergo significant phenotypic shifts to survive. Polyploid organisms evolve more slowly in the smooth fitness landscapes due to reduced genetic variance, making it harder for beneficial mutations to take hold. Ohbayashi adds, "However, in rugged landscapes, polyploidy accelerates the development of novel traits by increasing the probability of significant genetic shifts."

The researchers suggest that two major evolutionary theories -- Fisher's fundamental theorem of natural selection and Susumu Ohno's neofunctionalisation by gene duplication -- are not mutually exclusive. Instead, both theories play critical roles depending on whether rare evolutionary events are required for survival.

A key mechanism behind this accelerated evolution is "skewness" -- the biased distribution of genetic information across multiple copies of genomes. This allows polyploid cells to harbour beneficial mutations in some genomes while maintaining overall fitness, facilitating the development of new traits without compromising survival. The study pioneers a groundbreaking application of large deviation theory, a concept that explains rare events. It shows how rare but significant evolutionary changes are more likely in polyploid organisms by explaining the contribution of biased information to rare evolutionary events.

The findings are particularly relevant to studying microbes living in extreme environments, many of which are polyploid. In addition, these insights can help explain why polyploidy is advantageous for adaptation to harsh conditions, offering valuable implications for fields like genetic engineering, industrial microbial production, drug resistance, and cancer treatment. The research connects theoretical and empirical perspectives for Hatakeyama, deepening our understanding of polyploidy's evolutionary role. "This research illuminates how polyploidy influences evolution and sets the stage for future applications in areas like engineering and medicine," he says.

The study also points to the importance of experimental verification. Future research will need to test the theoretical models, and there may be further exploration of how other mechanisms, beyond polyploidy, drive evolutionary innovation. Looking ahead, the researchers emphasise the importance of experimental studies to validate their model. Hatakeyama concludes: "This study bridges theoretical physics and evolutionary biology, shedding light on the interplay between genetic architecture and adaptability, with applications ranging from microorganisms to cancer cells."
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Using infrared heat transfer to modify chemical reactions | ScienceDaily
In a joint experimental-theoretical work, a team of researchers, including theorists from UC San Diego, have shown for the first time that heat transfer in the form of infrared radiation can influence chemical reactions more strongly than traditional convection and conduction methods.


						
Using an optical cavity to confine infrared light waves, researchers focused on the thermal dehydration of an inorganic crystal, copper sulfate pentahydrate. They found that light-matter vibrational coupling (resulting in states known as polaritons) lowered the temperature needed for dehydration by up to 14 degrees Celsius. This was attributed to radiative energy transport, in which heat energy is radiated outward as photons from a hot region are absorbed by a cooler region (the crystal) -- a mechanism of heat conduction that had been overlooked until now.

This work establishes a mechanism for modifying thermochemical processes using optical cavities, with implications for the development of catalytic systems that exploit these interactions to achieve targeted control over certain chemical reactions and optoelectronic processes.

This study was published January 16, 2025 in Nature Chemistry. The research team includes Sindhana Pannir-Sivajothi, Yong Rui Poh & Joel Yuen-Zhou (all UC San Diego); Zachary Brawley (Texas A&M); and Matthew Sheldon and Ju Eun Yim (both UC Irvine).

Their research was funded by the National Science Foundation (CHE-2108288), the Welch Foundation (A-1886), the W.M. Keck Foundation, and the American Chemical Society Petroleum Research Fund (ACS PRF 60968-ND6).
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Study shows anti-clotting drug reduced bleeding events in patients with atrial fibrillation | ScienceDaily
Patients with atrial fibrillation are typically prescribed an anticoagulant, or blood thinner, to reduce the risk of stroke, but many may discontinue them or never receive a prescription due to concerns of increased risk of bleeding complications. Researchers from Mass General Brigham evaluated a drug that represents a new class of anticoagulants known as Factor XI inhibitors for treating patients with atrial fibrillation as part of the AZALEA-TIMI 71 Study. The trial was stopped early by the recommendation of the Data Monitoring Committee due to an overwhelming reduction in bleeding compared to standard-of-care treatment. The researchers report in the New England Journal of Medicinethat abelacimab, a Factor XI inhibitor, significantly reduced bleeding compared to a standard-of-care anticoagulant, rivaroxaban.


						
"It should be enormously satisfying to the cardiovascular field, patients and providers that Factor XI inhibitors live up to their promise of superior safety," said Christian Ruff, MD, MPH, director of General Cardiology within the Cardiovascular Division at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, senior investigator in the TIMI Study Group and principal investigator of the AZALEA-TIMI 71 Study. "Atrial fibrillation is a common medical condition, and bleeding with currently available anticoagulants resulting in significant undertreatment is still one of the greatest shortcomings in cardiovascular disease."

About 1-in-3 people will develop atrial fibrillation, making it one of the most common cardiovascular conditions in the world. The risk of stroke increases significantly in patients with atrial fibrillation because blood clots form in the heart chambers and can be pumped to the brain, causing a stroke.

The AZALEA-TIMI 71 Study is the largest and longest trial examining a Factor XI inhibitor compared to standard of care direct oral anticoagulants to date. The team enrolled 1,287 participants in 95 study sites across the globe. Participants were randomized and administered monthly injections of 150 mg abelacimab, 90 mg abelacimab, or standard dosing of rivaroxaban (20 mg or 15 mg in dose reduced patients). The team found that the 150 mg dose of abelacimab reduced bleeding that required hospitalization or medical attention by 62%, compared with rivaroxaban. The 90 mg dose of abelacimab reduced the same types of bleeding by 69%. In addition, the team found that both doses of abelacimab almost eliminated gastrointestinal bleeding compared to rivaroxaban, which is the most common type of bleeding that occurs in patients on currently available anticoagulants.

The team notes that in the AZALEA-TIMI 71 Study, the rates of stroke were low and there were not any significant differences between patients in the abelacimab groups compared to those taking rivaroxaban, although the trial was not powered for ischemic events.

The TIMI Study Group is leading an ongoing phase 3 trial of the study, LILAC-TIMI 76, which will compare the 150 mg dose of abelacimab to placebo in high-risk atrial fibrillation patients who have been deemed ineligible for current anticoagulants for the prevention of ischemic stroke and systemic embolism.

"The AZALEA-TIMI 71 Study validated that Factor XI inhibitors have an incredibly safe bleeding profile in patients with atrial fibrillation, which is a tremendous potential advance for our patients," said Ruff. "Now we can shift our attention as we await the results of the phase 3 trials."
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Significant rise in mental health admissions for young people in last decade | ScienceDaily
There was a 65% increase in the number of children and young people being admitted to general acute medical wards in hospitals in England because of a mental health concern between 2012 and 2022, finds a new study led by UCL researchers.


						
The study, published in The Lancet Child and Adolescent Health journal and funded by the National Institute for Health and Care Research (NIHR) and the NIHR Great Ormond Street Hospital Biomedical Research Centre (NIHR GOSH BRC), analysed data on all admissions of five- to 18-year-olds to medical wards in England from April 1st 2012 to March 31st 2022.

General acute medical wards are specialised hospital wards designed to provide rapid assessment, treatment, and care for patients. These units serve as a bridge between the emergency department, general practitioners, and other hospital wards and are separate to specialised mental health wards such as eating disorder units.

Children and young people are most commonly admitted to general wards from Accident and Emergency because they are too unwell, or it is not safe, for them to go home.

The researchers found that over the course of 10 years, mental health admissions increased from 24,198 to 39,925 (a 65% increase). This was in comparison to just a 10.1% increase in all cause admissions -- which rose from 311,067 to 342,511.

Increases in admissions were greatest among girls aged 11-15, rising from 9,091 to 19,349 (112.8% increase), and for eating disorders, rising from 478 to 2,938 (514.6% increase).

This study is the first to analyse national trends in mental health admissions of children and young people to acute medical wards. As the study looked at admissions of up to 18 years of age, the acute medical wards included both children's wards and adult wards.




Senior author, Dr Lee Hudson (UCL Great Ormond Street Institute of Child Health and Great Ormond Street Hospital) said: "Over the past decade, we've observed a significant rise in mental health admissions among children and young people to acute medical wards. Although there has been attention paid to increased referrals to community mental health services and inpatient mental health settings, admissions to general acute medical settings feels like a piece of the jigsaw missing in the story.

"Acute medical wards are important places for caring for young people with mental health concerns -- especially those with co-existing physical health problems like starvation from an eating disorder.

"However, the increased intensity we describe is presenting real challenges for acute wards, both for patients and their families and the staff supporting them. They may not be set up with an appropriate ward environment for this care, and sometimes staff working there need more training and support with relevant skills. This calls for better co-working between physical and mental health professionals across hospital and community teams, including, for example, adequate provision of psychiatrists and mental health trained nurses to support physical medical care on the actual ward."

The researchers were unable to pinpoint the reasons behind the dramatic increase in mental health admissions in their study from this national level data, but are now in the process of collating more detailed data on reasons for admissions from a selection of children's wards in England, alongside interviewing young people, their families and staff working on wards.

From this, they hope to better understand the needs and problems for these admissions to guide appropriate and effective interventions and improvements.

Dr Hudson said: "At a bigger level, we are all currently grappling with and trying to figure out why more and more young people are suffering with their mental health but it's likely the bigger background prevalence of mental health problems, and possibly increased severity of individual cases, leading to increased presentations to hospitals that require an emergency admission to a general ward because it is not safe for the patient to go home.




"Our findings also show that these increases are not solely down to the COVID-19 pandemic, as there have been year on year increases in numbers of admissions since 2012. This is an issue that appears to now be core business for acute wards, and isn't going to go away, so a focus on improving care is essential. We hope this study and our future work will help with this.

"Beyond that, it is of course crucial to understand the factors driving these presentations to better support the mental health of young patients."

A recent report from the Health Services Safety Investigations Body (HSSIB), an independent patient safety organisation, highlighted multiple concerns associated with these admissions. For example, 13 out of 18 paediatric units surveyed by the HSSIB described their ward environment as "not safe" for caring for children and young people with high-risk behaviours related to mental health concerns.

Issues raised included a lack of resources to provide therapeutic engagement for children and young people, challenges related to the physical ward space, difficulties managing children and young people who require sedation, and concerns regarding the impact of these admissions on other patients and staff morale. Work is ongoing around the country to address these issues, and researchers hope that their study will highlight the urgent need for better integration of acute, mental health, and social care services to support children and young people admitted with mental health concerns.

By improving coordination and planning, they hope it will be possible to ensure that young patients receive the comprehensive care they need, both in hospital and in the community.

Study limitations

The study's limitations include potential underestimation of mental health admissions due to variations in diagnostic coding and the inability to describe the level of care or use of the Mental Health Act. Additionally, the study could not differentiate between admissions to paediatric or adult wards, nor account for changes in admission criteria during the pandemic.

Further research in the MAPS project currently collecting more detailed information on admissions in a set of hospitals in England, and interviews with children, families and staff experiences aims to address some of this missing information.
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Stronger stress response in monkeys helps them survive | ScienceDaily
White-faced capuchin monkeys in Costa Rica who experienced more intense physiological responses to mild droughts were more fit to survive extreme drought, researchers found in a new UCLA-led study.


						
Most research on wild animals and humans is focused on the damage that stress response causes to a system -- "the wear-and-tear." In this new study, however, published in the journal of Science Advances, a team of researchers sought to examine the adaptive nature of the stress response in wild primates and how a more robust stress response might help them when faced with catastrophic events.

"We wanted to understand how the stress response adaptively helps these individuals survive greater challenges," Susan Perry, a UCLA evolutionary anthropologist, field primatologist and co-author of the study, said.

In the absence of an experimental design that could apply the same stressor to all individuals in a population, the researchers took advantage of a natural experiment -- a particularly severe El Nino drought -- to investigate the relationship between hormonal responses to this extreme stressor and survival outcomes of white-faced capuchins at the Lomas Barbudal Capuchin Monkey Project in Guanacaste, Costa Rica.

In Guanacaste, Perry and a team of researchers have been documenting the lives of monkeys and studying their social behaviors and survival strategies for 35 years. For this particular study, Perry's research group (including current and former graduate students, and research assistants Irene Godoy, Ashley Mensing, Juliane Damm and Colleen Gault) collaborated with University of Michigan researchers Jacinta Beehner and Sofia Carrera.

How a drought led to discovery

The El Nino drought that spread across Central and South America from 2014 to 2016 was the biggest in recent history and led to the deaths of many monkeys. While devastating for the monkeys and the researchers who have studied them for so long, Perry's team was able to make use of the environmental circumstances and samples collected from the six years prior to study the relationship between the endocrinologic stress response and survival in the white-faced capuchins.




During the drought, the monkeys started to lose weight, revealing vertebrae and rib cages, and mothers even rejected caring for and nursing their infants, abandoning them to go forage. Monkeys who would normally babysit infants in a mother's absence also were not taking on child care responsibilities. Mortality rates soared, particularly for infants and older females. This was the only time in Perry's long-term study that these monkeys, who are usually behaviorally flexible, failed to adapt to an environmental stressor by simply changing how they behaved (e.g., changing their diet).

For 14 female monkeys who survived and 14 who had died, the researchers analyzed glucocorticoid levels in fecal material that had been collected from them in the six years prior to the El Nino drought (2008-2013). Glucocorticoids are steroid hormones that regulate metabolism, inflammation and the immune system.

What glucocorticoids in monkey fecal matter revealed

The researchers discovered that the monkeys who showed a steeper rise in these stress hormones during the mild droughts were more likely to survive the severe El Nino drought than those monkeys who experienced less of a stress response. The findings controlled for other conditions known to affect these hormone levels, such as pregnancy and time of day.

With a clearer picture of what an adaptive stress response looks like for this species and population, Perry's team can begin to ask questions about the origin and maintenance of individual differences in the endocrine stress response and whether these differences affect survival.

The study also puts a spotlight on the value of long-term studies in the face of climate change. As weather intensifies globally, longitudinal studies of how wild animals cope with changes in temperature, rainfall and food availability can help us understand which species can adapt rapidly through learning or physiological flexibility and which species lack the ability to cope with major environmental changes during their lifetimes. This knowledge can be useful for conservation reasons. For example, a population of highly endangered animals that cannot quickly adapt to change might need to be moved to a place that now has climatic conditions that match the environment in which that population evolved.
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Researchers develop biomarker algorithm for noninvasive detection of Barrett's esophagus and esophageal cancer | ScienceDaily
By studying biomarkers known to be involved in gastrointestinal cancers, researchers at the Johns Hopkins Kimmel Cancer Center and the Johns Hopkins University School of Medicine have developed a biomarker algorithm that, when combined with a noninvasive method to collect esophageal cells for study, could give clinicians insight into which patients have esophageal cancer or precancerous conditions such as Barrett's esophagus (BE) or high-grade dysplasia. Typically, such determinations are made by endoscopy, an invasive procedure performed with patients under anesthesia.


						
The method, if validated in further study, potentially could be used as a reflex test to indicate which patients should have endoscopy for a definitive diagnosis. A description of the work was published Jan. 17 in the American Journal of Gastroenterology.

"Our study used a methodically rigorous process to identify biomarkers, and we believe this represents the first study to select biomarkers for Barrett's esophagus, esophageal adenocarcinoma and high-grade dysplasia in this fashion," says senior study author Stephen Meltzer, M.D., professor of medicine and oncology and the Harry and Betty Myerberg/Thomas R. Hendrix Professor in Gastroenterology at the Johns Hopkins University School of Medicine. He is also an American Cancer Society clinical research professor. "Our algorithm included methylation of the genes USP44, TBC1D30 and NELL1, which have been well studied as diagnostic markers in cancers and in cancer biology."

Methylation is a chemical process that can impact gene expression and may play a role in cancer development. USP44 was previously demonstrated to be a marker of prostate, liver and colorectal cancers. TBC1D30 also has been shown to be highly methylated in colorectal cancer. NELL1 has been shown to be a diagnostic marker of both Barrett's esophagus and colorectal cancer, and hypermethylation of NELL1 has been implicated in the genesis of gastric, kidney and lung cancers.

During the study, investigators queried six datasets within the Gene Expression Omnibus database for biomarkers that were at least 30% methylated in BE but less than 5% methylated in normal tissues. They identified 30 candidate biomarkers for further study. Subsequent laboratory testing using methylation-based polymerase chain reaction selected 12 of these biomarkers as demonstrating significantly higher methylation levels in BE than in normal tissues.

Next, the researchers chose seven of these 12 biomarkers (GRAMD1B, USP44, HOXB13, A1BG, SPX, TBC1D30 and eg00720137), plus an additional five biomarkers (CDH13, FLT3, NELL1, TAC1 and SSTI) identified in their previous studies, for more analyses. First, they evaluated the biomarkers in 21 archived normal-Barrett's tissue pairs from patients with BE. Then, they assessed the biomarkers in 234 nonendoscopic esophageal sponge samples collected from patients with BE as well as control (other) patients having endoscopy at Johns Hopkins, the Allegheny Health Network in Pittsburgh or Erasmus University in the Netherlands. This cohort included 78 people with a normal esophagus, 77 with BE, 12 with high-grade dysplasia, five with low-grade dysplasia, one with indeterminate dysplasia and 61 with esophageal adenocarcinoma.

To obtain these samples, participants were asked to swallow a small sponge compressed in a gelatin capsule that has a string attached to it. After the capsule makes its way to the bottom of the esophagus, its gelatin coating dissolves, allowing the sponge to expand. Then, a clinician pulls gently on the string to retrieve the sponge, which collects cells from the esophagus on the way back up.




Samples were taken immediately before endoscopy or during outpatient follow-up within three months after endoscopy. All participants had a confirmed diagnosis of esophageal cancer, BE or high-grade dysplasia, or a biopsy showing absence of these conditions. The median age of participants was 65. Most were male (66%) and from the United States (82%).

Investigators split the samples collected from the sponges into a training set of 199 samples and a test set of 35 samples. All 12 biomarkers were tested in the 199 samples. Based on the training set results, investigators designed a three-biomarker algorithm using USP44, TBCD1D30, NELL1, age and sex. This algorithm yielded an area under the curve (AUC) of nearly 0.97 in identifying healthy tissue versus esophageal cancer and high-grade dysplasia, meaning that it performed very well. Extending the ability to identify healthy control patients versus patients with Barrett's esophagus and high-grade dysplasia or esophageal cancer combined, the AUC was 0.86, which Meltzer says is also good.

"The goal with this sponge-biomarker test is not to provide a definitive diagnosis," says Meltzer, who directs the GI Early Detection Biomarkers Laboratory at Johns Hopkins "Rather, it's to inform them that they may need an endoscopy, because their methylation test results were abnormal."

The incidence of esophageal cancer has increased fivefold in the Western population during the past 40 years, Meltzer says, and it is now the eighth most common cancer and sixth most frequent cause of cancer-related death worldwide. It is estimated that about 5%-12% of patients with gastroesophageal reflux disease (GERD) have BE. The exact number is not known because most BE goes undiagnosed, he says.

"With esophageal adenocarcinoma being the leading esophageal cancer type in the United States, there is an urgent need to apply these markers in a large-scale screening study to assess whether the test can improve detection of Barrett's esophagus and esophageal adenocarcinoma and ultimately help improve survival of these patients, which this study provides impetus for," Meltzer says.

Study coauthors were Andrew Kalra, Ke Ma, Yulan Cheng, Leslie Cope, Yifan Yang, Simran Jit, Yousra Ahmed, Shayan Gheshlaghi, Vincent Castillo, Russell Hales, Vincent Lam, Kristin Marrone, Ken Hui, Michelle Ma, Robert Hughes, Venkata Akshintala, Kathy Bull-Henry, Jinny Ha, Karim Boudadi, Zachariah Foda, Richard Battafarano, Mouen Khashab, Eun Ji Shin, Olaya Brewer Gutierrez and Saowanee Ngamruengphong of Johns Hopkins. Other researchers contributing to the work were from the Allegheny Health Network, Thomas Jefferson University in Philadelphia, Jefferson Einstein Philadelphia Hospital, Eastern Virginia Medical School in Norfolk and Previse in Baltimore (manufacturer of the sponge test).
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T cells rise up to fight infections in the gut | ScienceDaily
Your gut is a battleground. The cells that line your small intestine have to balance two seemingly contradictory jobs: absorbing nutrients from food, while keeping a wary eye out for pathogens trying to invade your body.


						
"This is a surface where pathogens can sneak in," says La Jolla Institute for Immunology (LJI) Assistant Professor Miguel Reina-Campos, Ph.D. "That's a massive challenge for the immune system."

So how do immune cells keep the gut safe? New research led by scientists at LJI, UC San Diego, and the Allen Institute for Immunology shows that pathogen-fighting immune cells called tissue-resident memory CD8 T cells (TRM cells) go through a surprising transformation -- and relocation -- as they fight infections in the small intestine.

In fact, these cells literally rise up higher in the tissue to fight infections before pathogens can spread to deeper, more vulnerable areas.

"The tissue in the gut has evolved to provide signals to immune cell infiltrates -- to put immune cells in specific places so they have a better ability to stop pathogens," says Reina-Campos, who served as first author of the new Nature study alongside co-first author Alexander Monell of UC San Diego and co-senior authors Maximilian Heeg, M.D., and Ananda W. Goldrath, Ph.D., of the Allen Institute for Immunology and UC San Diego.

The new findings add to the growing body of evidence that immune cells adapt to protect specific tissues. Reina-Campos thinks these "tissue-resident" immune cells may be key players in future cancer immunotherapies that target tumors in specific organs.

T cells on the move

Reina-Campos and his colleagues investigated the formation of TRM cells in the small intestine. The team harnessed a cutting-edge technology called spatial transcriptomics to track these cells in both human and mouse tissue samples.




Their work showed that the small intestine holds two types of TRM cells. These cells are split between the tiny, finger-like "villi" structures that line the small intestine or the "crypts" between the protruding villi.

The researchers found that progenitor-like TRM cells live closer to the crypts between the villi. On the other hand, differentiated TRM occupy more exposed regions at the top of the villi. "Differentiated immune cells are more exposed at the top of the villi, and that's where they have a better ability to protect you from infections," says Reina-Campos.

Meanwhile, a reserve population of progenitor-like TRM cells continues to lie low in the crypts. "These cells can replenish the pool of effector T cells, so the immune system keeps them as back-ups in the deeper parts of the tissue," adds Reina-Campos.

What keeps these populations organized and in check?

To spy on these important immune cells within their natural habitat, Reina-Campos and colleagues used a new technology -- called spatial transcriptomics -- to observe millions of messenger RNA molecules simultaneously at subcellular resolution.

"For the first time, we were able to capture the formation of immunological memory in space and time," says Reina-Campos.




Looking at small intestines after a viral infection, the scientists found that the gut releases chemical signals to instruct immune cells where to go and what to do. "This study offers a new resource for finding signals that position immune residents to strengthen our gut immunity," says Reina-Campos.

Checkmate for disease?

Reina-Campos credits his mentor, Goldrath, as well as Heeg's and Monell's expertise for making this study possible. As Reina-Campos explains, Heeg and Monell developed new computational approaches to make sense of the massive amounts of data captured through spatial transcriptomics.

"It's led to a breakthrough in our ability to look at hundreds to thousands of genes simultaneously in intact tissues," says Reina-Campos. "With this study, we've opened up a new path for discovery."

Reina-Campos compares the battle between immune cells and pathogens to a chess match.

"To be a chess grandmaster, you need to know not only about the pieces: the bishops, pawns, rooks, etc, but also how they move in concert on the chessboard," he says.

For a long time, scientists have studied the chess pieces -- by analyzing cells extracted from tissue -- but they haven't gotten a good look at the chess match itself. "We don't know as much about how the chessboard works -- and we know even less about the rules that apply to our chess pieces as they move across the board," says Reina-Campos.

The new study gives researchers a detailed look at how immune cells interact with each other and their cellular gameboard.

Reina-Campos says the new finding should guide future research into how immune cells develop and move through other organs with different tissue structures, such as the kidneys and lungs -- and how immune cells might fight tumors in these organs.
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Researchers create new guidelines to diagnose common memory disorder frequently mistaken for Alzheimer's Disease | ScienceDaily
New guidelines will help doctors identify patients with a common memory-loss syndrome that is often misdiagnosed as Alzheimer's disease in older adults. The diagnostic criteria for limbic-predominant age-related TDP-43 encephalopathy (LATE) are published this month in Alzheimer's and Dementia: The Journal of the Alzheimer's Association from an international team led by Penn Medicine researchers. These guidelines are an important first step in advancing clinical trials and treatments for this lesser-known, but common type of memory loss disorder.


						
"Clear guidelines to diagnose different diseases not only help inform patients and their families of their prognosis but also help to guide decisions about which treatments to pursue," said David Wolk, MD, co-director of the Penn Memory Center and first author of the research. "As therapies that clear the amyloid associated with Alzheimer's disease become available to patients, we need to be able to determine whether a patient actually has these proteins in their brain and will benefit from the treatment. And if they don't, we need to identify what disease they do have, which can be LATE."

A prevalent, but not widely known condition

LATE is a newly characterized type of dementia that causes memory loss in individuals generally over 80 years of age. Because the main symptom of LATE is memory loss, it is often incorrectly diagnosed as AD. However, LATE has a different underlying cause than AD; while AD is characterized by buildup of proteins called beta-amyloid and tau on the brain, LATE is caused by a buildup of a different protein, called TDP-43, which was discovered at Penn Medicine by Breakthrough Prize-winning researchers Virginia Lee and colleagues.

Autopsy analysis has revealed that LATE is quite common among adults over 80 years old; TDP-43 buildup associated with LATE was present in 40 percent of adults in that age group. Autopsy of individuals with AD revealed that 55 percent also had LATE. As compared to people with only AD, those with only LATE have different cognitive symptoms. LATE predominantly affects memory, while individuals with AD experience impairment of more wide-ranging roles of cognition, like executive functioning, planning, language and visuospatial function. Individuals with LATE tend to also have a slower progression of symptoms than AD, but when individuals have both LATE and AD, symptoms tend to progress faster. Research suggests that patients with just LATE have a more stable course and live longer than patients with just AD, or patients with both LATE and AD.

Unlike beta-amyloid and tau, there is no test for TDP-43, and its presence on the brain can only be confirmed by brain autopsy after death. In the new report, researchers detail criteria for diagnosing LATE by itself or when it co-occurs with AD, using cognitive evaluations, MRI scans looking for atrophy in the hippocampus, and testing for the presence of beta-amyloid and tau in cerebrospinal fluid and in PET scans of the brain.

These diagnostic criteria also help differentiate LATE from other types of dementia, like frontotemporal lobar degeneration (FTLD), which also involves TDP-43 buildup, or dementia with Lewy bodies, where proteins mis-fold and accumulate on the brain. In FTLD, individuals experience loss of executive function and language rather than memory loss, which can be noted by cognitive evaluation. Additionally, these individuals will not exhibit atrophy of the hippocampus or medial temporal lobe. In dementia with Lewy bodies, individuals experience impaired motor function, in addition to other cognitive impairments.

"Being able to accurately diagnose LATE in both forms sets the stage to engage in further, important research," Wolk said. "Not only can we use this diagnosis to develop clinical trials for TDP-43 drugs, but we can also investigate the efficacy of existing therapies on individuals with both LATE and AD, and potentially develop and test new therapies that target both diseases. These criteria offer a first step in this direction."

This research was supported by the National Institutes of Health (P30AG072979, R01 AG064233, P01 AG066597, R01AG034374, R01AG080667, K23AG062750, P30 AG066509).
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New research uncovers exotic electron crystal in graphene | ScienceDaily
Researchers from the University of British Columbia, the University of Washington, and Johns Hopkins University have identified a new class of quantum states in a custom-engineered graphene structure. Published today in Nature, the study reports the discovery of topological electronic crystals in twisted bilayer-trilayer graphene, a system created by introducing a precise rotational twist between stacked two-dimensional materials.


						
"The starting point for this work is two flakes of graphene, which are made up of carbon atoms arranged in a honeycomb structure. The way electrons hop between the carbon atoms determines the electrical properties of the graphene, which ends up being superficially similar to more common conductors like copper," said Prof. Joshua Folk, a member of UBC's Physics and Astronomy Department and the Blusson Quantum Matter Institute (UBC Blusson QMI).

"The next step is to stack the two flakes together with a tiny twist between them. This generates a geometric interference effect known as a moire pattern: some regions of the stack have carbon atoms from the two flakes directly on top of each other, while other regions have the atoms offset," Folks said.

"When electrons hop through this moire pattern in the twisted stack, the electronic properties are totally changed. For example, the electrons slow way down, and sometimes they develop a twist in their motion, like the vortex in the water at the drain of a bathtub as it is draining out."

The breakthrough discovery reported in this study was observed by an undergraduate student, Ruiheng Su, from UBC, studying a twisted graphene sample prepared by Dr. Dacen Waters, a postdoctoral researcher in the lab of Prof. Matthew Yankowitz at the University of Washington. While working on the experiment in Folk's lab, Ruiheng discovered a unique configuration for the device where the electrons in the graphene froze into a perfectly ordered array, locked in place yet twirling in unison like ballet dancers gracefully performing stationary pirouettes. This synchronized rotation gives rise to a remarkable phenomenon where electric current flows effortlessly along the edges of the sample while the interior remains insulating because the electrons are immobilized.

Remarkably, the amount of current that flows along the edge is precisely determined by the ratio of two fundamental constants of nature -- Planck's constant and the charge of the electron. The precision of this value is guaranteed by a property of electron crystal known as topology, which describes the properties of objects that remain unchanged by modest deformations.

"Just as a donut cannot be smoothly deformed into a pretzel without first cutting it open, the circulating channel of electrons around the boundary 2D electron crystal remains undisturbed by disorder in its surrounding environment," said Yankowitz.




"This leads to a paradoxical behaviour of the topological electronic crystal not seen in conventional Wigner crystals of the past -- despite the crystal forming upon freezing electrons into an ordered array, it can nevertheless conduct electricity along its boundaries."

An everyday example of topology is the Mobius strip -- a simple yet mind-bending object. Imagine taking a strip of paper, forming it into a loop, and taping the ends together. Now, take another strip, but before joining the ends, give it a single twist. The result is a Mobius strip, a surface with just one side and one edge. Amazingly, no matter how you try to manipulate the strip, you cannot untwist it back into a normal loop without tearing it apart.

The rotation of the electrons in the crystal is analogous to the twist in the Mobius strip, and leads to the remarkable characteristic of the topological electronic crystal never before seen in the rare cases where electron crystals have been observed in the past: edges where electrons flow without resistance, describe being locked in place within the crystal itself.

The topological electron crystal is not only fascinating from a conceptual point of view but also opens up new opportunities for advancements in quantum information. These include future attempts to couple the topological electron crystal with superconductivity, forming the foundation of qubits for topological quantum computers.
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Float like a jellyfish: New coral mobility mechanisms uncovered | ScienceDaily
When it comes time to migrate, QUT research has found how a free-living coral ignores the classic advice and goes straight towards the light.


						
The research -- led by Dr Brett Lewis from the QUT School of Atmospheric and Earth Sciences and Reef Restoration and Adaptation Program, and published in PLOS One -- investigated how the free-living mushroom coral Cycloseris cyclolites moves, navigates and responds to light in its natural environments.

"Not all corals are attached to the substrate; some are solitary and free-living, allowing them to migrate into preferred habitats," Dr Lewis said.

"However, the lifestyle of these mobile corals, including how they move and navigate for migration, remains largely obscure."

Cycloseris cyclolites is an adorably small free-living species of mushroom coral capable of migrating to different reef habitats, often driven by the search for optimal light conditions.

Using high-resolution time-lapse imaging, the team identified that Cycloseris cyclolites was able to move via a mechanism known as pulsed inflation, a process where the coral inflates and deflates its tissue in rhythmic bursts to propel itself forward, like the movement seen in jellyfish.

The mechanism appears to be a widespread strategy for free-living corals, aiding in functions such as self-righting when turned upside down, sediment rejection when buried during storms and now phototaxis -- behaviours that help the coral survive in complex environments.




"Our findings suggest that pulsed inflation is not just a survival strategy but a critical mechanism for migration and navigation," Dr Lewis said.

"The ability of Cycloseris cyclolites to move towards specific light sources is a fascinating parallel to other marine species like jellyfish, which suggests they are more neurologically sophisticated than previously thought."

Cycloseris cyclolites was also shown to exhibit a strong preference for blue light, with 86.7 per cent of the corals moving towards blue light sources, compared to just 20 per cent for white light.

The ability of these migratory mushroom corals to distinguish between different wavelengths of light aligns with their preference for deeper water habitats, where blue wavelengths dominate, and could be crucial for their migration to optimal depths for survival, reproduction and dispersal.

Providing new insights into coral mobility mechanisms, the findings show just how closely related these corals are to jellyfish mechanisms which have been previously researched as a key point in the evolution of the centralised nervous system humans possess today.

"The findings also have important ecological implications," Dr Lewis said.

"Understanding their movement strategies could help scientists predict how migratory corals might resist, survive or adapt to changes in environmental conditions such as sea surface changes caused by climate change, which can be reduced by the deeper waters these corals migrate to.

"With these climate-driven factors increasing, the faster the migration, the higher the chance of survival."
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PET probe images inflammation with high sensitivity and selectivity | ScienceDaily
Researchers at Dana-Farber Cancer Institute have developed a breakthrough method to detect inflammation in the body using positron emission tomography (PET) imaging. This innovative probe targets CD45, a marker abundantly expressed on all immune cells but absent from other cell types. In healthy animals, the probe provides remarkably clear images of immune system organs such as bone marrow, spleen, and lymph nodes. In disease models, it reveals inflammation in affected organs, such as the colon in inflammatory bowel disease and the lungs in acute respiratory distress syndrome.


						
The researchers found that the inflammation severity shown by CD45-PET correlates with both microscopic tissue analysis and clinical symptoms. They also developed a human CD45-PET probe and demonstrated its ability to detect human immune cells in a humanized mouse model. Furthermore, in animal models of graft-versus-host disease -- a serious condition following bone marrow transplants -- the human CD45-PET probe showed potential for early detection and precise localization of the disease, which can manifest in various body parts. The team is now working toward initiating clinical trials to validate their human CD45-PET probe.

Inflammation is a sign that the immune system is actively defending the body against disease. However, prolonged and excessive inflammation can become pathological and is a key factor in many chronic diseases, such as cardiovascular diseases, cancer, and diabetes, which collectively contribute to a significant portion of global mortality. Currently, there are no non-invasive tools to reliably detect and pinpoint inflamed areas within the body. The developed CD45-PET probe is the first to identify inflammation generally and with high sensitivity through whole-body imaging. Once validated in humans, this tool could have immediate clinical applications, guiding the selection of anti-inflammatory treatments, monitoring responses to anti-inflammatory medications and cancer immunotherapies, and aiding in the diagnosis of conditions with known inflammatory underpinnings.

Dana-Farber Cancer Institute, Parker Institute for Cancer Immunotherapy, Harvard Medical School, the National Institutes of Health, National Institute of Allergy and Infectious Disease, Brigham and Women's Hospital Heart and Vascular Center.
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Biodegradable nylon precursor produced through artificial photosynthesis | ScienceDaily
Nylon, the durable and elastic material, is like other plastics made from chemicals found in fossil fuels. Biodegradable plastics based on biomass-derived compounds are attracting attention as an alternative to conventional plastics, and Osaka Metropolitan University scientists have now synthesized biodegradable nylon precursors.


						
Professor Yutaka Amao's team at the Research Center for Artificial Photosynthesis previously reported on a method for producing raw materials for biodegradable plastics from biomass-derived compounds. A polyester-type biodegradable plastic could be formed by using L-lactic acid as the raw material for polylactic acid.

This time, by using L-alanine, an amino acid with a similar structure, the team created raw material for a nylon-type biodegradable plastic. Artificial photosynthesis technology was developed with the addition of the biocatalyst L-alanine dehydrogenase, which combines ammonia with pyruvate to produce L-alanine, to the photoredox system composed of a dye and a catalyst.

"We have also succeeded in synthesizing the precursor of biodegradable nylon poly-L-alanine using solar energy," Professor Amao declared. "In the future, we hope to achieve the synthesis of nylon precursors that have a low impact on the environment, with the aim of producing L-alanine through artificial photosynthesis using ammonia derived from biomass compounds."

The findings were published in Sustainable Energy & Fuels.
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A way for smartwatches to detect depression risks | ScienceDaily
The CORONA virus pandemic also brought about a pandemic of mental illness. Approximately one billion people worldwide suffer from various psychiatric conditions. Korea is one of more serious cases, with approximately 1.8 million patients exhibiting depression and anxiety disorders, and the total number of patients with clinical mental diseases has increased by 37% in five years to approximately 4.65 million. A joint research team from Korea and the US has developed a technology that uses biometric data collected through wearable devices to predict tomorrow's mood and, further, to predict the possibility of developing symptoms of depression.


						
KAIST (President Kwang Hyung Lee) announced on the 15th of January that the research team under Professor Dae Wook Kim from the Department of Brain and Cognitive Sciences and the team under Professor Daniel B. Forger from the Department of Mathematics at the University of Michigan in the United States have developed a technology to predict symptoms of depression such as sleep disorders, depression, loss of appetite, overeating, and decreased concentration in shift workers from the activity and heart rate data collected from smartwatches.

According to WHO, a promising new treatment direction for mental illness focuses on the sleep and circadian timekeeping system located in the hypothalamus of the brain, which directly affect impulsivity, emotional responses, decision-making, and overall mood.

However, in order to measure endogenous circadian rhythms and sleep states, blood or saliva must be drawn every 30 minutes throughout the night to measure changes in the concentration of the melatonin hormone in our bodies and polysomnography (PSG) must be performed. As such treatments requires hospitalization and most psychiatric patients only visit for outpatient treatment, there has been no significant progress in developing treatment methods that take these two factors into account. In addition, the cost of the PSG test, which is approximately $1000, leaves mental health treatment considering sleep and circadian rhythms out of reach for the socially disadvantaged.

The solution to overcome these problems is to employ wearable devices for the easier collection of biometric data such as heart rate, body temperature, and activity level in real time without spatial constraints. However, current wearable devices have the limitation of providing only indirect information on biomarkers required by medical staff, such as the phase of the circadian clock.

The joint research team developed a filtering technology that accurately estimates the phase of the circadian clock, which changes daily, such as heart rate and activity time series data collected from a smartwatch. This is an implementation of a digital twin that precisely describes the circadian rhythm in the brain, and it can be used to estimate circadian rhythm disruption.

The possibility of using the digital twin of this circadian clock to predict the symptoms of depression was verified through collaboration with the research team of Professor Srijan Sen of the Michigan Neuroscience Institute and Professor Amy Bohnert of the Department of Psychiatry of the University of Michigan.

The collaborative research team conducted a large-scale prospective cohort study involving approximately 800 shift workers and showed that the circadian rhythm disruption digital biomarker estimated through the technology can predict tomorrow's mood as well as six symptoms, including sleep problems, appetite changes, decreased concentration, and suicidal thoughts, which are representative symptoms of depression.

Professor Dae Wook Kim said, "It is very meaningful to be able to conduct research that provides a clue for ways to apply wearable biometric data using mathematics that have not previously been utilized for actual disease management." He added, "We expect that this research will be able to present continuous and non-invasive mental health monitoring technology. This is expected to present a new paradigm for mental health care. By resolving some of the major problems socially disadvantaged people may face in current treatment practices, they may be able to take more active steps when experiencing symptoms of depression, such as seeking counsel before things get out of hand."

This study was conducted with the support of the KAIST's Research Support Program for New Faculty Members, the US National Science Foundation, the US National Institutes of Health, and the US Army Research Institute MURI Program.
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Dining out with San Francisco's coyotes | ScienceDaily
As their traditional dining options dwindle and natural areas give way to restaurants, homes and sidewalks, the coyotes of San Francisco are shifting what they eat.


						
Scientists from the University of California, Davis, wanted to understand what San Francisco's coyotes are eating, and how their diet is changed and shaped by the city's landscape, which can vary from block to block.

Their study, published in the journal Ecosphere, found that the number of restaurants and amount of pavement or "impervious surfaces" within the city heavily influenced what the coyotes ate. Coyote consumption of rats was highest where restaurant density was highest, and consumption of human-sourced food was highest in the most heavily paved parts of the city.

The findings can help inform and prioritize management strategies to protect native coyotes and reduce human-wildlife conflicts.

What San Francisco's coyotes are eating

So what are coyotes eating in San Francisco?

"A lot of human-provided food," said lead author Tali Caspi, a Ph.D. candidate with the UC Davis Department of Environmental Science and Policy and with the UC Davis School of Veterinary Medicine's Mammalian Ecology and Conservation Unit (MECU). "Chicken is a really big diet item; we found it in 72% of the scat samples analyzed in the study."

However, a natural prey source, pocket gophers, comprised the next most popular food source, found in about 57% of the scats collected, followed by pig (human-sourced) and racoon (natural). While some people have expressed concern about coyotes eating cats, felines were rare in the dietary analysis, detected in 4.5% of samples.




Scat and DNA analysis

To reach their findings, the authors collected more than 700 coyote scat samples from throughout San Francisco between September 2019 and April 2022. They brought them to UC Davis for lab analyses at MECU, within the Veterinary Genetics Laboratory. Genotyping matched fecal samples to individual coyotes, while DNA metabarcoding quantified diet composition.

Caspi notes that while the analysis reveals food sources, it does not differentiate among, for example, a backyard chicken, takeout from a dumpster, or chicken found in pet food.

The research also showed that coyotes in more urbanized parts of the city, such as Telegraph Hill near Coit Tower or Bernal Hill, ate more human-sourced food than coyote neighbors with more green space, such as in the Presidio or Golden Gate Park.

The scientists also observed that diets among coyote family groups were highly varied, while diets among members of the same family varied little.

"This study highlights the huge range of dietary and habitat affinities of coyotes as a species," said senior author Ben Sacks, director of the MECU at UC Davis. " That is a trait for which they are already well-known, but the study also joins a growing body of evidence pointing to relatively narrow proclivities of coyotes as individuals. They tend to stick with what they know."

Living among coyotes




Coyotes are native to San Francisco. Extirpated in the early 1900s, they returned in the early 2000s and now share space with more than 870,000 people on 47 square miles -- the second-most densely populated major city in the United States -- with water on three sides.

There are many things people can do to respectfully share space with coyotes and reduce human-wildlife conflict. This includes keeping cats indoors, not leaving pet food outside, securely disposing food waste and, perhaps most importantly: "Don't feed coyotes," Caspi said. "There's a misconception that coyotes are starving and need our help finding food in San Francisco, and clearly they don't."

Coping with urban life

From song sparrows in Portland, Oregon varying their song frequencies to cockatoos in Australia opening trash cans, the study joins the body of literature showing behavioral differences within cities among the same species.

"There are a lot of different ways to survive city life as an animal," Caspi said. "It speaks to the plasticity and resilience of these species to see all of these different strategies for coping with urban life."

Additional coauthors include Monica Serrano and Stevi Vanderzwan of UC Davis, independent researcher Janet Kessler, and Christopher Schell of UC Berkeley.

The study was funded by a Christine Stevens Wildlife Award from the Animal Welfare Institute, the UC Davis Center for Community and Citizen Science, and additional supporting grants from UC Davis and UC Berkeley. Caspi also acknowledged the contributions of community scientists via iNaturalist. The online network helped lead her to fresh scat samples and even helped her trace a rare lab analysis of fin whale in a coyote's diet to a nearby beached fin whale recorded on the app.
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Many Roads Lead to... the embryo | ScienceDaily
Is there only one optimal configuration an organism can reach during evolution? Is there a single formula that describes the trajectory towards the optimum? And can we 'derive' it in a purely theoretical fashion? A team of researchers, including from the Institute of Science and Technology Austria (ISTA), has answers. Their mathematical model forecasts the ideal body plan of a fruit fly's early embryo, suggesting that evolution might had many optimal options at its disposal.


						
It is hypothesized that optimization is the secret sauce for many of nature's fascinating phenomena, suggesting the world is driven toward a state of minimal energy, the most efficient output, or the highest fitness. Whether it is pods of whales or collectives of tiny cells, life's building blocks have been selected to self-organize close to peak efficiency.

The development of an animal embryo, from a small cluster of cells to a multicellular organism, might also have been optimized and fine-tuned to an almost perfect system. However, a precise mathematical formula predicting the optimal structure has been elusive until now.

Physicists from the Institute of Science and Technology Austria (ISTA), the Frankfurt Institute for Advanced Studies, and Princeton University now present exactly that: A theoretical model of the fruit fly's early embryonic development, nearly two decades in the making. With their detailed model, they could theoretically derive and thus predict the optimal 'wiring' of the gene-regulation network that controls the early developmental processes. The results are published in PNAS.

Evolution = Optimization

Evolution is the driving force for every organism. Given its environment, an organism adapts, survives, and withstands selective pressure. "Adaptation can be seen as an optimization process, or at least as a process that requires optimization of certain traits and functions," explains Thomas Sokolowski, first author of the study.

Compared to physical systems, where optimization typically leads to a final state with the lowest energy, biological systems seem to have multiple optimal solutions for the same problem. For instance, eyes evolved independently in various animals, yet their overall structure is remarkably similar across species.




"Eyes were optimized for the same well-defined objective function, which is maximal uptake of light and its encoding into neural spikes. They are therefore strongly dictated by laws of physics. Nuanced differences between animals may be explained by differences in the side circumstances under which they evolved," Sokolowski continues.

Also for the development of various embryos, many diverse strategies have evolved. They all share the same outcome: a highly precise and reproducible body plan. While these strategies were likely shaped and improved by evolution to serve specific purposes, it is quite difficult to pinpoint which purpose dominated the optimization process.

"It is increasingly clear how an embryo develops, but it is not clear which mathematical function guides the system to come together," Sokolowski says. "It's like finding a mathematical needle in the biological haystack."

The fruit fly

Drosophila, as biologists refer to it, is a widely studied organism, probably best known for the 1995 Noble Prize-winning work of Eric Wieschaus, Christiane Nusslein-Volhard, and Edward B. Lewis. They identified the genes that are crucial for the correct development of the fly, in particular, the so-called "gap genes" and morphogen (signaling molecule) gradients that control them.

The gap gene network plays a crucial role during the development of the embryo's head-to-tail axis. This "genetic positioning system" helps individual cells acquire the right fate in the right place, ultimately forming the segmented body of a fruit fly. The varying activation levels of the gap genes form an incredibly precise "positional code" along this axis, providing each cell with exactly the right information on where they are located within the embryo.




Time flies

Already twenty years ago, work by William Bialek, Gasper Tka?ik, Curtis Callan, Aleksandra Walczak, Thomas Gregor, and others suggested that the gap gene network in the fruit fly has been fine-tuned by evolution for providing high positional information with a limited number of signaling molecules, much like providing a precise GPS signal with the smallest number of satellites. The scientists therefore came up with the key idea of finding a mathematical function to explain this phenomenon.

In the first attempt, Tka?ik and colleagues looked at simplified theoretical models that implemented only parts of the regulatory mechanisms of the gap gene network. They gradually increased the model complexity to make it more realistic. While these "toy" models did not capture all combined characteristics of the gap gene system, they still paved the way toward a full optimization attempt.

"Our early work showed that it was possible to obtain nontrivial and originally unexpected predictions for gene regulatory interactions by optimizing them for maximal information throughput under realistic biophysical and molecular resource constraints," says Tka?ik.

Meanwhile, Thomas Sokolowski and colleagues have been studying detailed stochastic models -- models that explicitly include randomness -- of spatially interacting genes akin to the gap genes. Sokolowski then joined the Tka?ik group at ISTA in 2014, which created a unique opportunity to combine the original optimization approach with detailed spatial-stochastic modeling. Together, the scientists quickly managed to implement a spatial-stochastic model that, on the one hand, was realistic about what happens in the actual fruit fly and, on the other hand, computationally efficient.

Initially being a simplified version with only two genes, the model was extended to the full set of four interacting gap genes and three morphogen gradients, suitable for carrying out fully-featured optimizations of the gap gene system. "Remarkably, the optimal networks we derived closely matched characteristic features of the spatial gene expression profiles observed in the real fruit fly," Tka?ik continues.

Many "optimal" ways

Additionally, the scientists found out that there is more than one optimal way for encoding positional information in the gap network. Different sets of biophysical parameters can lead to the required optimal properties of the system. While being only a tiny subset of all physically possible solutions, the optimal solutions still display a remarkable variety.

"We believe this is not a detriment, but an advantage for evolution, as the same fitness can be potentially reached by many imaginable evolutionary paths," Sokolowski suggests. "While the evolution that led to Drosophila which we study today followed one particular path, the fact that many alternative routes potentially exist may have facilitated its access to a fit organism." The more options are available, the higher are the chances to select a functional one.

To understand the processes leading to functional body plans in more detail and get a more accurate representation of the actual evolutionary dynamics, the researchers will require additional modeling that goes beyond numerical optimization of parameters. This will involve taking into account factors such as environmental influences or the mechanisms of natural selection -- an intriguing and challenging quest for future research in theoretical biology.
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From soot particle filters to renewable fuels | ScienceDaily
Carbon particles are present in many aspects of our daily lives. Soot, which consists of tiny carbon particles, is generated when energy sources such as oil or wood are not completely burned. Soot particle filters, in turn, remove the nanometer- to micrometer-sized particles from car exhaust fumes with the help of chemical surface reactions. Carbon particles could also be used in industry, because at temperatures above 1000 degrees Celsius, carbon can be converted with carbon dioxide (CO2) and water into precursors of synthetic fuels. In both applications, chemical reactions occurring on the carbon surface are essential, yet the conditions under which specific reaction pathways dominate are not fully understood.


						
Carbon particles are degraded by nitrogen dioxide and oxygen

Scientists from the Max Planck Institute for Chemistry (MPIC) can now better explain what happens during the oxidation of carbon nanoparticles in the particulate filter. They examined what happens to the tiny soot particles under conditions that are typical for vehicle exhaust gases from diesel engines. At temperatures ranging from approximately 270 to 450degC, the carbon interacts with the reactive gases nitrogen dioxide (NO2) and oxygen (O2). The gases oxidize the carbon and thus break it down. The result: the higher the temperature, the faster the carbon mass vanishes. The researchers subsequently entered the experimental data into a kinetic multi-layer model known as KM-GAP-CARBON.

The modeling unveils what happens chemically: at lower temperatures, carbon decomposition is dominated by nitrogen dioxide, whereas at higher temperatures it is dominated by oxygen. This change in dominant reaction pathways is marked by a gradual shift in the activation energy that is necessary for a chemical reaction to take place.

Chemical model stems from atmospheric aerosol research

"Our model was originally designed to describe the chemistry of fine-dust particles in the atmosphere, but we found that it also works very well for high-temperature technical applications," says Thomas Berkemeier, the lead author of the study and research group leader at MPIC. "Our model helps us to understand why the chemical reaction pathway is influenced by temperature. It also explains a second peculiarity: in the measurements, we observe that the reaction rate is highest in the beginning and at the end of the reaction."

According to the study recently published in the journal Angewandte Chemie, the more reactive carbon atoms on the surface of carbon particles are oxidized and gasified first, leading to an accumulation of less reactive atoms on the surface. This initially leads to a form of passivation of the particles, and the oxidation process slows down. "Towards the end of the reaction, the ratio of the surface area of the particles to their volume is particularly large, which is why the volume-normalized reaction rate increases sharply again," explains Berkemeier, who aims to examine the precise structure of the particles in the future using both microscopic and spectroscopic techniques. Additionally, the chemist and his team are planning further studies on reaction kinetics to explore the effects of various oxidants and conditions.

Basic research contributes to the development of renewable fuels

Ulrich Poschl, co-author and director at the Max Planck Institute for Chemistry, commented, "Our research not only enhances the understanding of fundamental processes on carbon nanosurfaces. It also opens up new avenues for technological innovations in the environmental and energy sectors, for example, through advancements in carbon capture technologies and to optimize the production conditions in the development of synthetic fuels. The results of decades of basic scientific research thus also contribute to a sustainable development of technology and society in the Anthropocene."

The term Anthropocene refers to the current geological epoch, which is characterized by the rapidly increasing and globally pervasive human influence on planet Earth and has been part of the scientific activities and research at the Max Planck Institute for Chemistry since its discovery by Nobel Prize winner Paul Crutzen.
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Exposure to stress during early pregnancy affects offspring into adulthood | ScienceDaily
Maternal stress hormone levels during early pregnancy can have a lasting effect on the stress system of the offspring. The results of a long-term study on wild Assamese macaques in Thailand indicate that maternal stress in the first half of pregnancy is particularly relevant. Elevated stress hormones later during pregnancy or after birth did not have the same effects. The long-term study conducted by the University of Gottingen and the German Primate Center -- Leibniz Institute for Primate Research provides important insights into the influence of early life stages on the development of the stress system under natural environmental conditions.


						
Influence of very early life stages

The research team investigated how maternal stress affects the stress hormone system of the offspring. They found that the activation of the hypothalamic-pituitary-adrenal (HPA) axis, which plays a central role in coping with stress, can be significantly influenced by exposure to maternal glucocorticoids during development. The early phase of organ differentiation in the first half of pregnancy proved to be a particularly critical period. "Our results show that the HPA-axis activity of offspring was enhanced, the more adversity the other had experienced during early pregnancy -- which could be food shortages or social conflicts for example," says Simone Anza, former doctoral student at the University of Gottingen and the German Primate Center and first author of the study.

Investigation in the wild

In contrast to studies in the laboratory, the monkeys were observed in their natural habitat. Over a period of nine years, the researchers repeatedly collected fecal samples from pregnant females and measured the concentration of glucocorticoid metabolites in them in order to determine the animals' exposure to environmental factors such as food scarcity, temperature fluctuations and social interactions. These values were compared with the stress hormone levels of the offspring at different ages. The effects on the stress axis of the offspring were evident from infancy through the juvenile period and into adulthood at nine to ten years of age. Previous analyses from the same study had already shown that early prenatal stress was also associated with altered growth, negative changes in the gut microbiome and impaired immune function, underlining the comprehensive influence of the environment in the early prenatal period on various physiological systems. In contrast, maternal glucocorticoid levels in late pregnancy or during lactation had no or different influences.

Relevance for health research

"Our research results indicate that the timing of maternal stress hormone exposure during and after pregnancy crucially affects the consequences for the development and health of the offspring. It is also important to note that these effects do not require catastrophic events, but that even moderate changes in environmental conditions are sufficient," says Oliver Schulke, scientist at the University of Gottingen and the German Primate Center and head of the study. Stress in early pregnancy can also have a long-term effect on health in humans and increase the risk of stress disorders and immune problems. "Our findings may help to identify the timing and mechanisms that preventive measures should address in order to reduce long-term health risks," says Oliver Schulke.
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Drug candidate eliminates breast cancer tumors in mice in a single dose | ScienceDaily
Despite significant therapeutic advances, breast cancer remains a leading cause of cancer-related death in women. Treatment typically involves surgery and follow-up hormone therapy, but late effects of these treatments include osteoporosis, sexual dysfunction and blood clots. Now, researchers reporting in ACS Central Science have created a novel treatment that eliminated small breast tumors and significantly shrank large tumors in mice in a single dose, without problematic side effects.


						
Most breast cancers are estrogen receptor positive (ER+), and treatment typically involves several years of hormone therapy. Although these drugs are better tolerated than chemotherapy, they still have side effects that diminish quality of life and can leave people at risk for cancer recurrence and treatment resistance. Thus, there is a need for cancer drugs that kill tumor cells selectively and aggressively, while limiting side effects.

To address this challenge, Paul Hergenrother and colleagues previously developed a small molecule called ErSO. This compound kills ER+ breast cancer cells but results in undesirable side effects. In 2022, the researchers synthesized a series of small molecules similar to ErSO. That prior study demonstrated that these derivatives have higher potency, greater selectivity for ER+ cancer cells and better pharmacological properties than the original compound.

Now, in the latest study, the researchers further evaluated one derivative, ErSO-TFPy, and found that it:
    	Effectively killed multiple human ER+ breast cancer cell lines in culture.
    	Was well tolerated, with no obvious deleterious effects, by multiple species (mice, rats and beagles).
    	Shrank transplanted human breast tumors of various genetic backgrounds in mice.

In a dosing experiment, the researchers noted that a single dose of ErSO-TFPy in mice induced complete or near-complete regression of small or large tumors, respectively, that had grown in the animals. Other drugs require long-term dosing, but the researchers suggest that a lone dose of ErSO-TFPy and therefore minimal circulation in the body could help reduce the risk of side effects and late effects. They acknowledge the need for more testing to confirm drug safety and efficacy, but they suggest if these results translate to human patients, ErSO-TFPy could be transformative for ER+ breast cancer treatment.

"It is very rare for a compound to shrink tumors in mouse models of breast cancer, let alone completely eradicate those tumors with a single dose, so we are eager for ErSO-TFPy to advance for treatment of breast cancer," says Hergenrother.

The authors acknowledge funding from the National Cancer Institute at the National Institutes of Health and the Cancer Center at Illinois. 
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Fossil discovery in the Geiseltal Collection: Researchers identify unique bird skull | ScienceDaily
Around 45 million years ago, a 4.6 feet-tall (1.40 metres) flightless bird called Diatryma roamed the Geiseltal region in southern Saxony-Anhalt. An international team of researchers led by the Martin Luther University Halle-Wittenberg (MLU) and the Senckenberg Research Institute and Natural History Museum in Frankfurt report on the bird's fully preserved skull in the scientific journal Palaeontologia Electronica. The fossil was unearthed in the 1950s in a former lignite mining area in the Geiseltal in Germany. It was initially misclassified and thus led a shadowy existence until its rediscovery. The only other place that a similar skull fossil has been found is the USA.


						
The Geiseltal Saxony-Anhalt is located south-west of Halle and was a lignite mining area until 1993. Numerous exceptionally well-preserved animal fossils have been unearthed here. The Geiseltal Collection at MLU comprises 50,000 fossils and is considered a national heritage asset. These fossils offer unique insights into the evolution of animals and the Eocene Epoch around 45 million years ago. At that time, the Geiseltal was a warm, tropical swamp. Ancient horses, early tapirs, large land crocodiles as well as giant tortoises, lizards and numerous birds lived here. Some of the latter were flightless and the largest of these was Diatryma, a herbivore with a gigantic beak which stood around 4.6 feet high.

For many years no one knew that an almost completely preserved skull of Diatryma was part of the collection. "The find was initially misidentified as a crocodile skull," says Michael Stache, a geological preparator at MLU's Central Repository of Natural Science Collections. Stache came across the fossil again by chance several years ago. He realised the mistake and got down to work, restoring and then analysing the piece of skull. He combined the fossil with another object from the collection, reconstructing an almost entire skull. Dr Gerald Mayr, a researcher at the Senckenberg Institute, examined the find more closely and realised its importance: the skull clearly belonged to a Diatryma. Only one other fully preserved skull is known to exist in the world and is housed in the American Museum of Natural History in the USA.

"This shows once again that many of the most interesting discoveries in palaeontology occur in museum collections. Just a few years ago, nobody would have thought that the Geiseltal Collection would contain such surprises," says Gerald Mayr. Michael Stache also reports that there is great scientific interest in the fossils. Researchers from Germany and abroad come to MLU on a regular basis to investigate the objects. "This research expands our understanding of the Eocene Epoch in the Geiseltal even though the excavations were completed long ago," says Michael Stache. Up until ten years ago, for example, it was assumed that Diatryma hunted prehistoric horses in the Geiseltal. More recent investigations have found that the bird was, in fact, a herbivore.

There are around 40 specimens of the bird in the Geiseltal Collection. "Diatryma was probably a rare guest in the Geisetal. Otherwise, there would probably be more fossils," concludes Stache.
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Grass surfaces drastically reduce drone noise making the way for soundless city skies | ScienceDaily

Lead author Dr Hasan Kamliya Jawahar from the University of Bristol's aeroacoustic group managed by Professor Mahdi Azarpeyvand was able to demonstrate that porous ground treatments, can significantly reduce noise by up to 30 dB in low-mid frequencies and enhance thrust and power coefficients compared to solid ground surfaces. This suggests that treating roofs of building, landing pads and vertiports with porous surfaces like grass or mosses will reduce noise when drone is landing.

Dr Kamliya Jawahar based in Bristol's Faculty of Science and Engineering explained: "It was known that ground effects influence propeller performance and noise, particularly during take-off and landing.

"While noise issues are well-documented, solutions tailored to urban environments are limited.

"I drew inspiration from natural porous materials, such as vegetation, known for their noise-damping properties. This led to exploring engineered porous surfaces as a potential solution to reduce noise and improve aerodynamics."

The team conducted experiments in an anechoic chamber using a pusher propeller mounted above a ground plane. The ground was alternated between solid and porous treatments with varying porosity and thickness. Microphones placed in both near-field and far-field locations captured acoustic data, while a six-axis load cell measured aerodynamic forces. By comparing results across configurations, they were able to calculate how porous surfaces influence noise and performance under ground-effect conditions.

Dr Kamliya Jawahar said: "Vegetation is known to function as a natural porous medium, where its structural complexity and material properties such as foliage density and moisture content contribute to its noise absorption capabilities.




"It has been widely used in environmental noise reduction strategies such as roadside barriers and urban green spaces but this is the first time it is being investigated for futuristic Urban Air Mobility."

The noise reduction effect of porous ground treatments stems from their ability to modify and manage the flow dynamics near the ground. When a propeller operates close to a porous surface, the porous material absorbs some of the energy from the flow impingement reducing the velocity of the tangential wall jet -- a high-speed outwash of air along the ground -- thereby mitigating the aerodynamic interactions that contribute to noise.

Additionally, the porous structure traps portions of the impinging flow, reducing its reflection back towards the propeller. This minimizes the re-ingestion of disturbed airflows into the propeller, which are a significant source of tonal and broadband noise. The reduction in reflected turbulence and the stabilized hydrodynamic pressure field help decrease both tonal and broadband noise emissions, resulting in quieter operations. These effects are particularly pronounced in ground effect conditions.

These findings can be applied to UAM operations by enabling quieter and more efficient vehicle designs. They also support the development of noise-reducing vertiport surfaces, fostering greater community acceptance and compliance with urban noise regulations.

"Our research demonstrates that innovative porous landing surfaces can drastically reduce noise from drones and air taxis, paving the way for quieter and more sustainable urban skies," added Dr Kamliya Jawahar.
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Researchers unlock new insights into tin-based catalysts for electrochemical CO2 reduction | ScienceDaily
The global climate crisis, driven by the depletion of fossil fuels and rising atmospheric CO2 levels, has intensified the need for sustainable energy solutions. Among these, the electrochemical CO2 reduction reaction (CO2RR), particularly when integrated with renewable energy sources, has emerged as a promising approach. This process not only mitigates CO2 emissions but also addresses energy storage challenges by converting CO2 into high-value, carbon-neutral fuels. One of the standout products of CO2RR is formic acid (HCOOH), valued for its versatility in industries such as tanning, textiles, and pharmaceuticals, as well as its role as a high-energy-density liquid hydrogen storage medium.


						
"Formic acid is an indispensable chemical in various industries, and its potential as a hydrogen carrier makes it a critical component for a sustainable energy future," said Xue Jia, an assistant professor at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR). Recent techno-economic analyses have also highlighted the practicality and economic feasibility of synthesizing formic acid through CO2RR, emphasizing its adaptability for future industrial applications.

To advance the development of efficient CO2RR catalysts, Jia and her colleagues conducted a comprehensive study, analyzing over 2,300 experimental reports from the past decade. Their findings underscored the superior activity and selectivity of tin-based catalysts, such as Sn[?]N4[?]C single-atom catalysts (SAC) and polyatomic Sn, for HCOOH production. These catalysts consistently outperformed others, including metal-nitrogen-carbon (M[?]N[?]C) catalysts and various metals, in terms of formic acid Faradaic efficiency (FE).

A significant aspect of the study was the influence of pH on catalyst performance. The team's analysis revealed that the selectivity and activity of HCOOH production increase with pH levels, as demonstrated in catalysts like SnO2 and Bi0.1Sn. However, conventional theoretical models that treat pH-dependent energetic corrections as constants failed to accurately predict activity at the reversible hydrogen electrode (RHE) scale.

"By incorporating electric field effects and pH-dependent free energy formulations, we were able to analyze the selectivity and activity of catalysts under actual working conditions, which is a significant step forward," explained Hao Li, associate professor at WPI-AIMR. This advanced modeling approach provided critical insights into the reaction mechanism, enabling a deeper understanding of the pH-dependent behavior of Sn-based catalysts.

The study also addressed a longstanding challenge: understanding how the structural differences between single-atom and polyatomic Sn catalysts impact their performance. The team discovered that Sn[?]N4[?]C SAC exhibits a monodentate adsorption mode, while polyatomic Sn adopts a bidentate mode. These distinct adsorption modes result in opposite dipole moments for the intermediate OCHO, significantly influencing the catalysts' activity and selectivity for CO2RR.

"This structural sensitivity, combined with pH-dependent modeling, has provided a comprehensive understanding of Sn-based catalysts and aligned our predictions with experimental observations," said Linda Zhang, Assistant Professor at Tohoku University's Frontier Research Institute for Interdisciplinary Sciences (FRIS). The research highlights the importance of considering structural and kinetic factors, beyond conventional thermodynamic models, for precise catalyst design.

The implications of this work extend beyond CO2RR. By employing advanced computational techniques, such as density functional theory (DFT) and machine learning force fields (MLFF), the researchers demonstrated the potential of tailoring catalysts for specific reaction conditions. This approach is expected to drive the development of high-performance systems for a range of electrocatalytic processes.

"Precise modeling and advanced computational techniques are enabling us to design catalysts tailored for specific reaction conditions, paving the way for more efficient CO2 reduction technologies," adds Li. The study's integration of experimental and theoretical perspectives marks a significant step toward addressing climate challenges through innovative catalyst design.

The findings were published in the journal Angewandte Chemie International Edition, with the authors expressing their gratitude to the Tohoku University Support Program for covering the article processing charge.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250122130045.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Hot or cold? How the brain deciphers thermal sensations | ScienceDaily
Thermal sensations are consciously differentiated as hot or cold by the brain; however, the neural mechanism that enables this differentiation is not well understood. To address this, researchers from Waseda University have used electroencephalography to record brain activity during hot or cold stimuli. They found that while both temperatures activate the same ten cortical regions, their patterns of EEG across frequencies differ, influencing behavior. These findings contribute to developing objective methods for evaluating thermal comfort.


						
The brain discriminates between hot and cold sensations by inducing distinct temporal activity patterns in shared cortical regions, offering insights into how sensory information is encoded.

When we touch something hot or cold, the temperature is consciously sensed. Previous studies have shown that the cortex, the outermost layer of the brain, is responsible for thermal sensations. However, how the cortex determines whether something is hot or cold is not well understood. Thermal sensitivity is often subjective and individualistic; what is a comfortable temperature for someone might be too hot or too cold for someone else.

In a new study, Professor Kei Nagashima from the Body Temperature and Fluid Laboratory, Faculty of Human Sciences, Waseda University, Japan, and Dr. Hironori Watanabe from Waseda University, in collaboration with others, used electroencephalography (EEG) to map the brain's response to hot and cold temperatures and clarify the activity patterns. In this study, 20 participants were exposed to different temperature treatments on their right index and middle fingers. The temperature treatments were given in pulses for 15 seconds with a 10-second intermittent temperature of 32  C. Brain neural activity in response to the two different temperatures, 40  C and 24  C, was recorded using a wearable EEG device. The study was published in Volume 564 of Neuroscience on 09 January 2025.

The recordings were analyzed to reveal region- and time-specific patterns of brain activity. Clustered brain activity was found in ten different areas within the cortex. Interestingly, both hot and cold temperatures invoked brain activity in the same ten areas. However, the EEG differed in response to the two types of thermal sensation. "Differences in these activity patterns will allow temperature differences to be distinguished, leading to different behaviors," says Nagashima.

Different types of activity patterns in the same brain regions could be the underlying mechanism for distinguishing between hot and cold temperatures. It was also observed that most of the brain activity was concentrated in the right hemisphere, indicating that it has a greater role to play in thermal sensations than the left hemisphere.

The insights obtained in this study could be applied to developing more objective methods to evaluate thermal comfort. Nagashima states, "Thermal comfort is used as a standard for creating an optimal indoor environment (air conditioning) by the American Society of Heating, Refrigerating, and Air-Conditioning Engineers, but it is still based on subjective reporting. We thought that it was essential to evaluate it objectively and scientifically." Health risks due to the ambiguity of subjective evaluations of thermal comfort could be circumvented with a better understanding of the brain's response.
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Green tea-based adhesive films show promise as a novel treatment for oral mucositis | ScienceDaily
Green tea shines as a natural powerhouse of antioxidants, with catechins leading the charge among its polyphenols, which protect cells from oxidative stress. These powerful compounds neutralize harmful free radicals generated during cancer treatment. The anti-inflammatory properties of green tea can alleviate oral mucositis, a painful inflammation of the mouth lining often caused by chemotherapy and radiation.


						
Building on these benefits, researchers at the Tokyo University of Science (TUS), Japan, have explored the potential of tea catechins in developing a novel treatment for oral mucositis that minimizes patient discomfort. Their findings were made available online on January 14, 2025 and published in Volume 10 and Issue 1 of ACS Omega on December 19, 2024. The research team, led by Professor Takehisa Hanawa, included Assistant Professor Kaoru Hirose, Ms. Rieko Nitto, and Mr. Shotaro Yokota from TUS, in collaboration with Dr. Yayoi Kawano (former lecturer at TUS, now Professor at Nagoya City University, Japan), as well as Dr. Akira Tabuchi, Ms. Yumeo Suzuki, and Dr. Kazuhiko Yamatoya from MP Gokyo Food & Chemical Co., Ltd., Japan.

In line with TUS's commitment to advancing research that supports the UN Sustainable Development Goals (SDGs), the team sought to develop an innovative and accessible treatment for oral mucositis, aligning with SDG 3 (good health and well-being) and SDG 9 (industry, innovation, and infrastructure). "Our goal was to create a formulation for oral mucositis that patients could use easily and comfortably, helping to prevent the decline in quality of life and difficulties with eating caused by cancer treatments," explains Prof. Hanawa.

Oral mucositis, a common and painful side effect of cancer treatments, affecting 30-40% of the patients, results from damage to rapidly dividing mucosal cells. This condition causes significant discomfort and interference with vital activities, such as eating and sleeping. To address this, the researchers designed a thin mucoadhesive film enriched with tea catechins, which can be applied directly to affected areas for prolonged relief. This film is a thin, flexible material that adheres to the inside of the mouth to deliver active ingredients, like medications, directly to the affected area. It offers a more convenient, inexpensive, and user-friendly alternative to mucoadhesive tablets, which often have limited usability.

The films were prepared by combining xyloglucan (Xylo), a water-soluble polymer extracted from tamarind seeds, with green tea extract (TE) which contains over 75% catechins, including more than 40% epigallocatechin gallate (EGCG). Xylo is a natural gelling agent, commonly used as a food thickener. It forms a structure similar to the mucin network in the mouth, giving the film its mucoadhesive properties. Given the easy availability, usage as food additive, and low cost of TE, which contains EGCG as well as various catechins, it was selected as a gelling agent for Xylo in this study. The researchers examined how Xylo and TE gelled together and explored the physical and chemical properties of the gels and films they produced.

The researchers developed two types of films: hydrogels, prepared by drying Xylo/TE solutions at 4 degC for 24 hours, and xerogels, which were dried for seven days, resulting in firmer, drier films. The hydrogel, however, transitioned into a liquid-like state at skin surface temperatures (35-37 degC) and became weak, breaking with just a small amount of pressure. In contrast, the xerogel films demonstrated better mucoadhesive properties, withstanding up to ten times more force and performing similarly to commercially available oral mucoadhesive films.

To test the adhesive strength of the xerogel, the researchers simulated oral conditions using mucin disks coated with artificial saliva. The film was pressed onto the disk with a plunger, and the force required to detach it was measured. The films adhered well, with detachment forces matching or exceeding those of over-the-counter products. The team also examined the release of EGCG by soaking the films in water, discovering that higher concentrations of Xylo facilitated greater EGCG release over time, highlighting their potential as mucoadhesive films.

"Xylo/TE xerogel films demonstrated high strength, hydrogel-like properties due to rapid water absorption, and adhesion forces comparable to commercial films," says Prof. Hanawa. The team is now focused on enhancing the film's design and evaluating its safety and efficacy through cell-based experiments, advancing toward a promising solution for oral mucositis.
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Single-cell elemental analysis using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) | ScienceDaily
Trace metals are crucial for the growth of all living organisms. Understanding the role of these trace metals on the metabolism is essential for maintaining a stable state of the organism. Additionally, human beings are also facing constant exposure to various harmful heavy metals due to various types of pollution. Collectively, these aspects have led to research and development in the field of analytical techniques that can help in identifying the level of these trace metals in our cells.


						
Inductively coupled plasma mass spectrometry (ICP-MS) is an analytical technique used for the analysis of elemental compositions in various samples including biological samples. In recent times, the single-cell ICP-MS (scICP-MS) technique has been widely used in medical and biological fields for the analysis of single-living cells in bacteria, fungi, microorganisms, plants, and mammals. The sample introduction system of scICP-MS consists of a conventional pneumatic nebulizer and a total consumption spray chamber. A pneumatic nebulizer converts the sample (cell suspension) liquid into a mist.

Although the transport efficiency of traditional scICP-MS analysis using a nebulizer reaches 10% for yeast cells, it cannot be used for mammalian cells owing to their fragile nature. Chemical fixation is known to enhance the strength of mammalian cells, but it greatly affects the elemental contents, leading to inaccuracy of the analysis. There is thus a need to develop a sample introduction system that does not cause any damage to the mammalian cells.

Toward this end, a group of researchers from Japan has now demonstrated the potential of a microdroplet generator (mDG) as the sample introduction system for the efficient and quantitative elemental analysis of mammalian cells. The team, comprising Assistant Professor Yu-ki Tanaka along with Ms. Hinano Katayama, Ms. Risako Iida, and Professor Yasumitsu Ogra from the Graduate School of Pharmaceutical Sciences, Chiba University, Japan introduced a mDG into the sample introduction system of an ICP-MS, revealing that the system was capable of accurately conducting the elemental analysis. Their study was published on December 2, 2024, in Volume 40 of the Journal of Analytical Atomic Spectrometry. Elaborating further, Dr. Tanaka says, "Till now, scICP-MS has been applied to bacteria, fungi, plant cells, and red blood cells. We have expanded the potential of scICP-MS technology to mammalian cultured cells, developing a robust analytical technique for measuring elemental content in mammalian cultured cells."

In the study, the researchers used two sample introduction systems for particle and cell sample analysis. The first one was the conventional system comprising a concentric glass nebulizer and a total consumption spray chamber. The other system comprised a mDG inserted into the fabricated T-shape glass plumbing, with one end of the glass plumbing being fit to a total consumption spray chamber and the other end being fit to an ICP torch.

The researchers found that the cell transport efficiency increased drastically with the use of mDG. Moreover, they also estimated magnesium, iron, phosphorus, sulfur, and zinc in the K562 cells (also known as human chronic myelogenous leukemia K562 cells) and found that mDG maintained the cell's original structure in contrast to the conventional system that usually alters the cell's structure. It is thus highly suited for single-cell elemental analysis since it does not affect the cell's structure, resulting in highly efficient detection of the cells. "Our findings demonstrate the potential of mDG as a universal sample introduction system in scICP-MS," explains Asst. Prof. Tanaka.

These findings suggest that the size of cultured K562 cells influenced the shear stress-induced through nebulization, leading to cell damage. An increase in cell size intensifies the shear stress, causing significant damage. The mDG can preserve the structure of K562 cells, resulting in highly efficient detection and quantitative measurement of elemental signals from individual cells.

The ICP-MS technique is widely applicable in environmental monitoring, energy, pharmaceutical, food, and agriculture industries, and clinical research. "One promising social implementation of scICP-MS technology is for the prognosis and diagnosis of diseases. Health conditions can be evaluated by analyzing the elemental composition within the body and even at the level of individual cells. Blood cell samples, which can be easily collected from both patients and healthy individuals, serve as a primary target for diagnostics and prognostics using scICP-MS," concludes Asst. Prof. Tanaka, optimistically.
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Researchers make breakthrough in bioprinting functional human heart tissue | ScienceDaily
Researchers at University of Galway have developed a way of bioprinting tissues that change shape as a result of cell-generated forces, in the same way that it happens in biological tissues during organ development.


						
The breakthrough science focused on replicating heart tissues, bringing research closer to generating functional, bioprinted organs, which would have broad applications in disease modelling, drug screening and regenerative medicine.

The research was led by a team at the School of Engineering and CURAM Research Ireland Centre for Medical Devices at University of Galway and has been published in the journal Advanced Functional Materials.

Bioprinting technology uses living cells within specialised "bioink" materials -- a substance or material which can support living cells, and due to its characteristics, it can aid cell adhesion, proliferation and differentiation during maturation. The technology offers immense promise for creating lab-grown organs that closely resemble the structure of their human equivalent.

However, bioprinting fully functional organs remains a significant hurdle. For instance, while bioprinted heart tissues can contract, their force of contraction is often considerably weaker than that of a healthy adult heart.

Traditional bioprinting methods often aim to directly recreate the final anatomical shape of an organ, like the heart -- therefore overlooking the crucial role of dynamic shape changes during natural embryonic development. For example, the heart begins as a simple tube that undergoes a series of bends and twists to form its mature four-chambered structure. These shape-morphing behaviours are essential for sculpting heart cell development and maturation.

The University of Galway research team recognised this and developed a novel bioprinting technique that incorporates crucial shape-changing behaviours.




Ankita Pramanick, lead author of the study and CURAM PhD Candidate at University of Galway, said: "Our work introduces a novel platform, using embedded bioprinting to bioprint tissues that undergo programmable and predictable 4D shape-morphing driven by cell-generated forces. Using this new process, we found that shape-morphing improved the structural and functional maturity of bioprinted heart tissues."

The research showed that cell-generated forces could guide the shape-morphing of bioprinted tissues, and it was possible to control the magnitude of the shape changes by modifying factors such as the initial print geometry and bioink stiffness. Morphing was found to sculpt cell alignment and enhance the contractile properties of the tissues. The research team also developed a computational model that could predict tissue shape-morphing behaviour.

Professor Andrew Daly, Associate Professor in Biomedical Engineering and CURAM funded investigator and principal investigator on the project, said: "Our research shows that by allowing bioprinted heart tissues to undergo shape-morphing, they start to beat stronger and faster. The limited maturity of bioprinted tissues has been a major challenge in the field, so this was an exciting result for us. This allows us to create more advanced bioprinted heart tissue, with the ability to mature in a laboratory setting, better replicating adult human heart structure. We are excited to build on this shape-morphing approach in our ongoing European Research Council project, which is focused on developmentally-inspired bioprinting.

"We are still a long way away from bioprinting functional tissue that could be implanted in humans, and future work will need to explore how we can scale our bioprinting approach to human-scale hearts.

"We will need to integrate blood vessels to keep such large constructs alive in the lab, but ultimately, this breakthrough brings us closer to generating functional bioprinted organs, which would have broad applications in cardiovascular medicine."
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New epilepsy tech could cut misdiagnoses by nearly 70% using routine EEGs | ScienceDaily
Doctors could soon reduce epilepsy misdiagnoses by up to 70% using a new tool that turns routine electroencephalogram, or EEG, tests that appear normal into highly accurate epilepsy predictors, a Johns Hopkins University study has found.


						
By uncovering hidden epilepsy signatures in seemingly normal EEGs, the tool could significantly reduce false positives -- seen in around 30% of cases globally -- and spare patients from medication side effects, driving restrictions, and other quality-of-life challenges linked to misdiagnoses.

"Even when EEGs appear completely normal, our tool provides insights that make them actionable," said Sridevi V. Sarma, a Johns Hopkins biomedical engineering professor who led the work. "We can get to the right diagnosis three times faster because patients often need multiple EEGs before abnormalities are detected, even if they have epilepsy. Accurate early diagnosis means a quicker path to effective treatment."

A report of the work is newly published in Annals of Neurology.

Epilepsy causes recurrent, unprovoked seizures triggered by bursts of abnormal electrical activity in the brain. Standard care involves scalp EEG recordings during initial evaluations. These tests track brainwave patterns using small electrodes placed on the scalp.

Clinicians partly rely on EEGs to diagnose epilepsy and decide whether patients need anti-seizure medications. However, EEGs can be challenging to interpret because they capture noisy signals and because seizures rarely occur during the typical 20-40 minutes of an EEG recording. These characteristics makes diagnosing epilepsy subjective and prone to error, even for specialists, Sarma explained.

To improve reliability, Sarma's team studied what happens in the brains of patients when they are not experiencing seizures. Their tool, called EpiScalp, uses algorithms trained on dynamic network models to map brainwave patterns and identify hidden signs of epilepsy from a single routine EEG.




"If you have epilepsy, why don't you have seizures all the time? We hypothesized that some brain regions act as natural inhibitors, suppressing seizures. It's like the brain's immune response to the disease," Sarma said.

The new study analyzed 198 epilepsy patients from five major medical centers: Johns Hopkins Hospital, Johns Hopkins Bayview Medical Center, University of Pittsburgh Medical Center, University of Maryland Medical Center, and Thomas Jefferson University Hospital. Out of these 198 patients in the study, 91 patients had epilepsy while the rest had non-epileptic conditions mimicking epilepsy.

When Sarma's team reanalyzed the initial EEGs using EpiScalp, the tool ruled out 96% of those false positives, cutting potential misdiagnoses among these cases from 54% to 17%.

"This is where our tool makes a difference because it can help us uncover markers of epilepsy in EEGs that appear uninformative, reducing the risk of patients being misdiagnosed and treated for a condition they don't have," said Khalil Husari, co-senior author and assistant professor of neurology at Johns Hopkins. "These patients experienced side effects of the anti-seizure medication without any benefit because they didn't have epilepsy. Without the correct diagnosis, we can't find out what's actually causing their symptoms."

In certain cases, misdiagnosis happens due to misinterpretation of EEGs, Husari explained, as doctors may overdiagnose epilepsy to prevent the dangers of a second seizure. But in some cases, patients experience nonepileptic seizures, which mimic epilepsy. These conditions can often be treated with therapies that do not involve epilepsy medication.

In earlier work, the team studied epileptic brain networks using intracranial EEGs to demonstrate that the seizure onset zone is being inhibited by neighboring regions in the brain when patients are not seizing. EpiScalp builds on this research, identifying these patterns from routine scalp EEGs.




Traditional approaches to improve EEG interpretation often focus on individual signals or electrodes. Instead, EpiScalp analyzes how different regions of the brain interact and influence one another through a complex network of neural pathways, said Patrick Myers, first author and doctoral student in biomedical engineering at Johns Hopkins.

"If you just look at how nodes are interacting with each other within the brain network, you can find this pattern of independent nodes trying to cause a lot of activity and the suppression from nodes in a second region, and they're not interacting with the rest of the brain," Myers said. "We check whether we can see this pattern anywhere. Do we see a region in your EEG that has been decoupled from the rest of the brain's network? A healthy person shouldn't have that."

The team is now conducting a larger prospective study to further validate its findings across three epilepsy centers and filed a patent for the EpiScalp technology in 2023.

Other authors are Kristin Gunnarsdottir, Adam Li, Alana Tillery, Babitha Haridas, and Joon-yi Kang of Johns Hopkins; Vlad Razskazovskiy, Jorge Gonzalez-Martinez, and Anto Bagic of University of Pittsburgh Medical Center; Dale Wyeth, Edmund Wyeth, and Michael Sperling of Thomas Jefferson University Hospital; Kareem Zaghloul and Sara Inati of the National Institute of Neurological Disorders and Stroke, National Institutes of Health; Jennifer Hopp of University of Maryland Medical Center; and Niravkumar Barot of Beth Israel Deaconess Medical Center.

The research was supported by the Louis B. Thalheimer Fund for Translational Research at Johns Hopkins Technology Ventures, as well as the National Institute of Neurological Disorders and Stroke Grant Number: R35NS132228.
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Childhood epilepsy may predispose to memory disorders later in life | ScienceDaily
Researchers from the University of Turku and Abo Akademi University in Finland and the University of Wisconsin in the United States demonstrated that individuals who had childhood epilepsy have an increased accumulation of brain amyloid later in life, potentially predisposing them to late-onset brain amyloid disorders, such as Alzheimer's disease.


						
The accumulation of beta-amyloid protein in the brain is considered an early pathological brain change in Alzheimer's disease, although the exact cause of amyloid accumulation is unknown.

The study from the University of Turku, Abo Akademi University, and University of Wisconsin is based on a globally unique population-based cohort, collected by young child neurologist, now Professor Emeritus Matti Sillanpaa, who still leads the cohort. The cohort has monitored the health and social prognosis of individuals who had childhood epilepsy since the early 1960s and their matched controls since 1992. The follow-up is conducted progressively at regular intervals in collaboration with domestic and international researchers (TACOE project).

The recent collaborative study examined the brain amyloid accumulation of these individuals, who were on the verge of retirement or already retired, and their controls.

In the previous timepoint of the study (2013-2016), after 50 years of follow-up, researchers observed that individuals with childhood epilepsy had more amyloid plaques in their brains than the controls.

"The finding was the first of its kind globally, and it was unclear at that point whether the abnormal amyloid accumulation in the brain would continue, further predisposing these individuals to the development of memory disorders. This motivated our current study," explains one of the key figures in the study, Professor of Neurology Juho Joutsa from the University of Turku.

Increased probability of abnormal amyloid accumulation in individuals with childhood epilepsy

The recent study was conducted approximately seven years after the previous timepoint, with the participants being 60-65 years old. The study included 82 percent of the previous participants, a total of 36 individuals with childhood-onset epilepsy, and 35 controls.




In the patient group, abnormal amyloid accumulation was observed in nearly one-third of the participants, whereas only 11 percent of the controls showed this accumulation. During the seven-year follow-up, the patient group accumulated more amyloid in the brain than the controls. The patient group also performed worse in cognitive tests compared to the controls, but this was not linked to the amount of amyloid plaques.

"This suggests that the amyloid accumulation in the brain has not yet led to memory disorders," explains Joutsa.

Unique cohort study enables long-term monitoring of changes

The unique cohort utilised in the study has provided extensive information about childhood epilepsy and its prognosis over decades.

Modern brain imaging methods, which now enabled the study of brain amyloid pathology, were developed decades after the cohort was established. A recently graduated physician, now Professor of Neurology Juho Joutsa, was recruited for brain imaging analyses in the early 2010s.

The study results provide unique new information about the very long-term effects of childhood epilepsy on the brain, and the follow-up continues.

"This study is also an excellent example of what can be achieved scientifically through long-term commitment of both participants and researchers, as well as collaboration across disciplines and generations of researchers," says Joutsa.
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How your brain learns from rewards might hold the key to treating depression | ScienceDaily

A brain signal that lights up when we anticipate rewards may hold the secret to helping people overcome depression, and Virginia Tech researchers are working to unlock its potential.

Professors Pearl Chiu and Brooks Casas of the Fralin Biomedical Research Institute at VTC are pioneering a personalized approach to depression treatment by exploring how our brains process rewards and setbacks.

Their study, which published in January in the Journal of Affective Disorders, examines two brain signals -- prediction error and expected value -- that may predict whether someone with depression is likely to see their symptoms improve.

Unlocking the brain's reward system

Major depression affects over 21 million Americans annually, according to the Centers for Disease Control and Prevention, and remains a leading cause of disability worldwide. Yet current treatments often fall short, leaving many without lasting relief.

"Major depression isn't one-size-fits-all," Chiu said. "People with depression learn and respond to rewards and setbacks differently, often in ways that align with specific symptoms."

Using computational models, the researchers studied how the brain's reward-learning system functions in those with depression, especially among individuals experiencing anhedonia, the inability to feel pleasure. By analyzing dopamine-linked responses, they identified unique brain activity patterns that could help predict who is likely to recover.




Their responses reveal the brain's capacity to learn from outcomes, Chiu said, and could form the basis for a new kind of therapy using tailored learning processes to guide the brain's responses to different outcomes.

Researchers identify key markers for recovery

The study identified two key brain signals -- prediction error and expected value -- as essential indicators of recovery potential in depression. Expected value, which reflects the brain's anticipation of rewards and guides decision-making, emerged as a consistent predictor of remission across treatment types. Prediction error, which highlights gaps between expected and actual outcomes to help individuals adjust their behavior, offered additional insights.

Together, prediction error and expected value provided a richer understanding of how unique learning patterns influence mental health outcomes, paving the way for tailored, symptom-specific therapies.

"This finding underscores the power of the brain's reward system in forecasting recovery," Casas said. "By observing how each person responds to rewards and setbacks, we can open new pathways for designing treatments that match individual learning patterns."

"This brings us closer to truly personalized mental health care," noted Vansh Bansal, first author of the study and a graduate student with Chiu and Casas.




Bridging brain science and therapy

The researchers are putting their insights into practice in new ways. Earlier this year, Chiu and Casas published work in Clinical Psychological Science that explored how reinforcement-learning questions could guide behavior change. Now, they are taking this approach a step further by testing specific questions designed to shift how people with depression respond to rewards and setbacks.

"We're exploring questions like, 'What did you expect to happen?' to reshape how the brain learns from experiences," Chiu said.

This approach aims to go beyond symptom management, targeting the brain processes that drive specific symptoms of depression. By aligning therapy with each person's unique brain responses, this strategy could lead to more targeted, symptom-specific interventions that deliver lasting results.

This research represents an advance in bridging brain science and therapy, moving toward more personalized, effective treatment methods. By understanding how the brain's reward system functions, the researchers are developing strategies that could reshape depression care by addressing its root causes rather than just symptoms.

"Our goal is to create a treatment that bridges neuroscience and behavioral therapies," Chiu said. "If someone's brain responds less strongly to rewards, we might use behavioral activation to amplify their recovery." This method aligns treatment with each person's neural responses, setting the stage for more customized, symptom-specific interventions that reach beyond traditional approaches.

A future of personalized depression treatment

Looking ahead, the team envisions the use of brain-based models to transform depression treatment into a precise, individualized approach. Imagine a patient completing an assessment and, based on the results, receiving interventions tailored to their unique learning processes. For some, this could involve exercises to counteract the inability to feel pleasure or strategies to strengthen positive responses.

"The true benefit is that this approach doesn't just treat symptoms on the surface," Chiu said. "It addresses the underlying learning mechanisms contributing to each person's unique experience of depression."

This model could enable therapists to offer precise, evidence-based techniques to retrain the brain's responses and accelerate recovery.

"We're moving toward a future where mental health care is as unique as each person's mind," Casas said. "By aligning treatments with individual learning styles, we can go beyond symptom management and foster truly lasting recovery and resilience."

In addition to the Fralin Biomedical Research Institute, Chiu and Casas are members of the Department of Psychology in Virginia Tech's College of Science.

The study was a collaboration involving experts from multiple institutions, including Vansh Bansal, Jonathan Lisinski, Dong-Youl Kim, Shivani Goyal, John Wang, Jacob Lee, and Stephen LaConte, all affiliated with Virginia Tech. Katherine McCurry from the University of Michigan and Vanessa Brown from Emory University also contributed to the study.
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Study shows travelers are dreaming forward, not looking back | ScienceDaily
When it comes to getting people to want to go places, the future is ever more lovely than the past, according to a new Washington State University-led study in the Journal of Hospitality and Tourism Research.


						
Led by Ruiying Cai, an assistant professor in the Carson College of Business, the study found that forestalgia-focused destination ads -- those that emphasize an idealized future -- are more effective at enticing travelers to click the purchase button for a vacation than ads based on fond recollections. The research also revealed that forestalgia advertising is particularly effective for getting people to book near-term trips, as imagining upcoming experiences makes travel plans feel more vivid and achievable.

Cai and her team conducted three experimental studies with 665 U.S. travelers, comparing the impact of nostalgia-focused and forestalgia-focused advertising messages on participants' intentions to visit a destination. Nostalgia-focused ads prompted participants to reflect on past travel memories, while forestalgia-focused ads encouraged them to envision future experiences. Across all three studies, participants were more inclined to choose destinations featured in forestalgia-focused ads.

"We were surprised by how consistent the results were," Cai said. "Even when we carefully reviewed the data, it was clear that travelers responded more favorably to future-focused messages. Forestalgia taps into a natural human tendency to idealize what's ahead."

While nostalgia has been widely studied and applied in destination marketing, forestalgia, a term introduced in a 2023 product marketing study, remains relatively underexplored, especially when compared to nostalgia. The study's findings suggest that this future-focused approach describing a yearning for an idealized future holds significant promise for tourism marketing.

One key reason is its simplicity. Nostalgia can evoke bittersweet emotions, as past experiences are often a mix of positive and negative memories. In contrast, forestalgia allows travelers to focus on the possibilities of what is ahead.

"People tend to idealize the future," Cai said. "It's not weighed down by the complexities of memory, which can include both joy and regret."

The study also explored how temporal distance -- the perceived time until a trip -- moderated the effectiveness of advertisements. Forestalgia-focused ads were most impactful when promoting trips within the next year.




"When people think about a trip happening soon, they're more likely to engage in concrete planning," said Cai. "They imagine booking flights, finding accommodations, and planning activities, making the trip feel more achievable and exciting."

The implications for destination marketers are significant. Tourism campaigns often rely on nostalgia to evoke a connection with potential travelers, but this research highlights the untapped potential of forestalgia. Marketers could design campaigns that vividly depict future experiences, emphasizing how a destination could fulfill travelers' dreams and aspirations. For trips planned in the near term, this strategy may be particularly persuasive.

"When people think about the future, they often idealize it," said Cai. "It's about imagining the adventures and memories waiting to be made. That sense of excitement and possibility is something we can all connect with, especially when dreaming about our next trip."
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SIDS discovery could ID babies at risk of sudden death | ScienceDaily
New University of Virginia School of Medicine research revealing the fingerprints of Sudden Infant Death Syndrome within blood samples could open the door to simple tests to identify babies at risk.


						
The findings also represent an important step forward in unraveling the causes of SIDS, an unexplained condition that is the No. 1 killer of babies between amonth and a year old.

The UVA researchers analyzed blood serum samples collected from infants who died from SIDS and were able to identify specific biological indicators that were linked to -- and potential causes of -- the babies' deaths.

Tests to identify such signs in infants could ultimately help save lives, the researchers say.

"Our study is the largest study to date that has attempted to detect how these small molecules in the blood may serve as biomarkers for SIDS," said researcher Keith L. Keene, PhD, founding director of UVA's Center for Health Equity and Precision Public Health and now at East Carolina University. "Our findings support a role for multiple key biological pathways and provide insight into how those biological processes may contribute to increased risk or serve to diagnose SIDS."

Understanding SIDS

The new research speaks to the potential of "metabolomics," the analysis of substances called metabolites produced by cells, for better understanding and treating complex diseases, the scientists say.




In their SIDS work, the UVA researchers analyzed blood serum samples collected from 300 babies included in the Chicago Infant Mortality Study and the National Institutes of Health's NeuroBioBank. The researchers assessed levels of 828 different metabolites in key biological processes such as nerve cell communication, stress response and hormone regulation -- processes that could be contributors to SIDS.

After adjusting for factors that could bias the results, such as the infants' age, sex, and race and ethnicity, the researchers identified 35 predictors of SIDS. These "biomarkers" included ornithine, a substance critical to the body's ability to dispose of ammonia in urine. The amino acid has already been identified as a potential contributor to SIDS.

Another predictor was a lipid metabolite that is critical for brain and lung health. This metabolite is already considered a potential indicator for the development of fetal heart defects during the first trimester of pregnancy.

"We found differences in specific fats, called sphingomyelins, which are critical for brain and lung development," said researcher Chad Aldridge, DPT, MS-CR, of the School of Medicine's Department of Neurology. "Differences in these fats may disrupt these critical processes, placing some infants at risk for SIDS."

The UVA scientists caution that further research is needed to determine if the metabolites are contributing to SIDS. But the findings lay an important foundation, they say, for unraveling the mysteries of SIDS and developing blood tests that could potentially save new parents from heartbreak.

"The results of this study are very exciting -- we are getting closer to explaining the pathways leading to a SIDS death," said researcher Fern R. Hauck, MD, MS, a family medicine physician at UVA Health, director of the Chicago Infant Mortality Study and aleading expert on SIDS. "Our hope is that this research lays the groundwork to help identify -through simple blood tests -- infants who are at higher risk for SIDS and to save these precious lives."
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Copper-detection tool designed to discover possible chelation target for lung cancer | ScienceDaily
The Chang Lab at Princeton Chemistry continues in its mission to elucidate the role of metal nutrients in human biology: last year, iron; this year, copper. The lab's first paper of 2025 showcases its development of a revelatory sensing probe for the detection of copper in human cells and then wields it to uncover how copper may be regulating cell growth in lung cancer.


						
Researchers also offer a possible treatment modality in which copper chelation shows promising results in certain lung cancers where cells have two related phenomena: a heightened transcription factor responding to oxidative stress and a diminished level of bioavailable copper.

Their collaborative paper, A histochemical approach to activity-based copper sensing reveals cuproplasia-dependent vulnerabilities in cancer, was published this week in the Proceedings of the National Academy of Sciences. It follows on the heels of a companion July 2024 paper focusing on iron. Together, the research cements the lab's ongoing authority in transition metal signaling.

In this latest work, the lab's histochemical, activity-based sensing probe was deployed on a panel of human tumor cell lines from the National Cancer Institute to identify cell types with elevated levels of copper. Copper is essential to health. But copper imbalances have long been implicated in cancer cell growth and other disease states. The goldilocks balance in all mammals is so vulnerable to disruption that tools to track and assess the onset of copper-dependent cell growth, or cuproplasia, are in high demand.

"Copper is one of the most important metal nutrients for health. It's consumed in the diet, so it's really nature versus nurture because every cell in every organism in every kingdom of life needs it," said Christopher Chang, the Edward and Virginia Taylor Professor of Bioorganic Chemistry. "When you think about diseases as complicated as cancer, you really want to understand the fundamentals of what causes an individual cell or collection of cells to live or die. And then you want to bring it back to something that you would use to block or kill that excess growth.

"What we need are more sophisticated biomarkers, and that's the direction we've taken with this technology. We wanted a method that you could inject in many cell types in parallel, or inject in tissue, and then isolate cancer cells of different types and see which ones had a large or small dependence on cuproplasia."

The research was carried out with chief collaborators Marco Messina at the University of Delaware and Gina DeNicola at the H. Lee Moffitt Cancer Center and Research Institute in Florida.




Connecting copper with antioxidants 

The paper describes a direct link between copper and a transcription factor called nuclear factor-erythroid 2-related factor 2 (NRF2). A buildup of free radical damage in cells leads to what scientists call the antioxidant response, where NRF2 is activated and it promotes gene expression to make proteins that will combat that oxidative insult.

The Chang Lab's work steps into this arena, bridging sensing and catalysis to map the regions where this is happening.

"Heightened levels of copper in cells are known to produce oxidative stress," said Aidan Pezacki, co-lead author of the paper and graduate student in the Chang Lab. "So, we would expect cancers with a high demand for copper-dependent cell growth to also have higher levels of oxidative stress. Since NRF2 is directly responsible for combating oxidative stress, we thought it might be involved in regulating copper levels, as well."

Specific lung cancers are known to have very high amounts of NRF2. Researchers were therefore able to make a connection between higher levels of NRF2 and lower levels of copper that were consequently vulnerable to copper chelation. Chelation therapy allows scientists to "grab hold of" and withhold metal nutrients, thus depriving cell growth of an important fuel.

"We took these NCI cell lines and treated them with a copper chelator and then compared cells with either low or high NRF2," added Pezacki. "What we found was that all the cells with higher NRF2 have higher rates of cell death when we treated with the copper chelator.




"We suspect that the NRF2 is sequestering copper and then the chelator depletes the cells of copper even further, and this dual deprivation doesn't keep up with the cell's need for the nutrient. That makes copper chelation a potentially viable therapeutic strategy in cancers where the metal is already scarce and tightly regulated."

Chang emphasized that results have yet to move into human tissue.

"This is a proof-of-concept study for profiling metal vulnerabilities in lung cancer. It's also a platform that we think could be generally applied to not only cancer but the broader process of cell growth," said Chang. "All diseases, ultimately, are a question of too much or too little cell growth or cell death. And that's the elemental balance we're tracking with this research and the basic science we're interested in here. It's part of solving the larger puzzle that goes along with decoding how diet, environment, and lifestyle can shape and determine disease states."

A histochemical approach to activity-based copper sensing reveals cuproplasia-dependent vulnerabilities in cancer was authored by Marco Messina, Laura Torrente, Aidan Pezacki, Hanna Humpel, Erin Li, Sophia Miller, Odette Verdejo-Torres, Teresita Padilla-Benavides, Donita Brady, David Killilea, Alison Killilea, Martina Ralle, Nathan Ward, Jun Ohata, Gina DeNicola, and Christopher Chang. 

This research was supported by funding from the National Institutes of Health (R01 GM 79465, R01 GM 139245, R01 ES 28096 and R01 NIAMS AR077578), the Florida Department of Health (9BC07), and the Agilent Biodesign Program.
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Fighting experience plays key role in brain chemical's control of male aggression | ScienceDaily
Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.


						
Dopamine has been linked to male aggression for decades. How past experiences might influence this relationship, however, had until now been unclear.

In experiments in rodents, a team led by researchers at NYU Langone Health boosted activity in dopamine-releasing cells in a part of the brain called the ventral tegmental area. The findings revealed that in inexperienced male fighters, this led the animals to attack for twice as long as they would have fought naturally. When the cells were blocked, the novice mice would not fight at all.

By contrast, this pattern did not hold true in males that had extensive fighting experience. Whether or not dopamine-releasing cells were boosted or blocked, the duration of attack did not change. Notably, though, the more clashes a mouse won, the more fights it would start in the future.

"Our findings offer new insight into how both 'nature' and 'nurture' shape aggression in males," said study senior author Dayu Lin, PhD. "While aggression is an innate behavior, dopamine -- and fighting experience -- is essential for its maturation during adulthood," added Lin, a professor in the Departments of Psychiatry and of Neuroscience at NYU Grossman School of Medicine.

A report on the findings is publishing online Jan. 22 in the journal Nature.

Building on their evidence for the role of dopamine in learning aggression, authors set out to better understand the brain mechanisms that might explain it. To do this, the team prevented cells in the ventral tegmental area of the brain from releasing dopamine into another region called the lateral septum, a site known to regulate aggression. They found that novice males would never learn to fight, but those with previous fighting experience would continue to engage in aggressive behavior. Similarly, promoting dopamine release in this area of the brain boosted hostility in rookies but had no effect on veterans.




This suggests that the lateral septum is a key brain site for dopamine to promote "aggression learning" in rodents and likely in other mammals, including people, says Lin, who is also a member of NYU Grossman School of Medicine's Institute for Translational Neuroscience.

The team also measured dopamine release in the lateral septum as the animals gained fighting experience. They found that the chemical surges the most on the day they first decide to attack. As the mouse becomes more experienced with fighting, this dopamine spike becomes less dramatic, supporting a central role of the chemical in initial aggression learning.

Importantly, the researchers also found that dopamine did not appear to play a similar role in female aggression. In fact, manipulating dopamine levels did not affect aggressive behaviors in female mice in any way.

According to Lin, the results may offer new insight into addressing mental health conditions marked by intense shifts in mood and behavior, such as schizophrenia, bipolar disorder, and borderline personality disorder. Antipsychotic drugs that interfere with dopamine release are commonly used to treat such diseases, as well as to suppress violent behavior in psychiatric patients.

"Our results suggest that targeting dopamine may not be an effective tool when treating those with a long history of aggression," said Lin. "As a result, healthcare providers may need to consider a patient's history, as well as their age and sex, when considering which therapy to use."

Lin adds that the results may also explain why antipsychotic drugs are known to have a stronger and longer-lasting effect in children than in adults, for whom aggression often returns once they stop receiving medication.

That said, Lin cautions that while mice share similar brain chemistry with people and that the current findings echo human clinical results, more research will be needed to demonstrate the impact of past behavior on the effectiveness of antipsychotic medications in humans.

Funding for the study was provided by National Institutes of Health grants R01MH101377, R01MH124927, U19NS107616, U01NS11335, U01NS12082, P30DA048736, and R01MH133669. Further study funding was provided by the Vulnerable Brain Project.

In addition to Lin, other NYU Langone researchers involved in the study are Bingqin Zheng, MS; Xiuzhi Dai; Xiaoyang Cui, BS; Luping Yin, PhD; Jing Cai, PhD; and Nicolas Tritsch, PhD. Other study investigators include Yizhou Zhuo, PhD, and Yulong Li, PhD, at the Peking University School of Life Sciences in Beijing; and Larry Zweifel, PhD, at the University of Washington in Seattle. Bing Dai, PhD, a former graduate student at NYU Langone and a current postdoctoral associate at the Massachusetts Institute of Technology in Cambridge, served as the study lead author.
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AI in cell research: Moscot reveals cell dynamics in unprecedented detail | ScienceDaily
Thanks to a new technology called Moscot ("Multi-Omics Single-Cell Optimal Transport"), researchers can now observe millions of cells simultaneously as they develop into a new organ -- for example, a pancreas. This groundbreaking method was developed by an international research team led by Helmholtz Munich and has been published in the renowned journal Nature.


						
Until now, biologists had only a limited understanding of how cells develop in their natural environment -- for instance, when they form an organ in the embryo. "Existing methods provided only snapshots of a few cells or could not link the dynamic processes in space and time," explains Dominik Klein, one of the lead authors of the study, a PhD candidate at the Institute of Computational Biology at Helmholtz Munich, and a researcher at the Technical University of Munich (TUM). "This has greatly limited our understanding of the complex interactions during organ development and in disease processes."

Moscot Maps Cell Development in Entire Organs and Organisms

Together with an interdisciplinary team led by Giovanni Palla (Helmholtz Munich), Marius Lange (ETH Zurich), Michal Klein (Apple), and Zoe Piran (Hebrew University of Jerusalem), Dominik Klein developed Moscot. The team drew on a theory developed in the 18th century: the theory of optimal transport, which describes how objects can move most efficiently from one place to another to minimize time, energy, or cost. The application of optimal transport to two populations of cells had previously been limited by the size of biomedical datasets. This obstacle has now been overcome thanks to advances in artificial intelligence, significantly influenced by co-author Marco Cuturi (Apple). "We have adapted our mathematical models to accurately represent the molecular information and position of cells in the body during their development. The theory of optimal transport helps us understand how cells move, change, and transition from one state to another," says Klein. This now makes it possible to observe millions of cells simultaneously -- with an accuracy that was previously unimaginable.

Moscot enables the multimodal mapping of single cells in spatial tissues and plays a crucial role in dynamic biological processes. It connects millions of cells over time, linking changes in gene expression to cellular decisions. The implementation of Moscot aims to analyze enormous datasets using complex algorithms while providing an intuitive interface for biologists. Additionally, Moscot precisely and simultaneously captures the molecular state of a large number of cells and describes their development in space and time. This makes it possible for the first time to track and better understand complex cellular processes within entire living organs and organisms.

New Insights into Pancreas and Diabetes Research 

Moscot's application has provided new insights in pancreas research: the team succeeded in mapping the development of hormone-producing cells in the pancreas based on multimodal measurements. Based on these findings, scientists can now analyze the underlying mechanisms of diabetes in detail. "This new perspective on cellular processes opens up opportunities for targeted therapies that address the root causes of diseases rather than merely treating symptoms," says Prof. Heiko Lickert, who heads the Institute of Diabetes and Regeneration Research at Helmholtz Munich and is co-last author of the study together with Prof. Fabian Theis.




A Turning Point in Medical Research

Fabian Theis, Director at the Institute of Computational Biology at Helmholtz Munich and TUM professor, emphasizes the significance of Moscot for biomedical research: "Moscot is changing the way we understand and use biological data. It enables us not only to capture the dynamics of cell development in unprecedented detail but also to make precise predictions about the progression of diseases, aiming to develop personalized therapy approaches."

For Theis, Moscot is a prime example of interdisciplinary collaboration: "The successful combination of mathematics and biology in this project impressively demonstrates how crucial collaboration between different disciplines is for achieving true scientific breakthroughs. Thanks to close cooperation with the team led by Heiko Lickert from the Helmholtz Diabetes Center, we were able to validate Moscot's predictions through laboratory experiments."

Learn more: moscot-tools.org
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Final synthetic yeast chromosome unlocks new era in biotechnology | ScienceDaily
Macquarie University researchers have worked with an international team of scientists to achieve a major milestone in synthetic biology by completing the creation of the final chromosome in the world's first synthetic yeast genome.


						
This achievement represents the completion of the global Sc2.0 project to create the world's first synthetic eukaryotic genome from Saccharomyces cerevisiae (baker's yeast) and a new-to-nature tRNA neochromosome.

Using cutting-edge genome-editing techniques, including the CRISPR D-BUGS protocol, the team identified and corrected genetic errors that impacted yeast growth. These changes restored the strain's ability to grow on glycerol, a key carbon source, under elevated temperatures.

The breakthrough, published this week in Nature Communications, demonstrates how engineered chromosomes can be designed, built and debugged to create more resilient organisms that could help secure supply chains for food and medicine production in the face of climate change and future pandemics.

"This is a landmark moment in synthetic biology," says Professor Sakkie Pretorius, Co-Chief Investigator and Deputy Vice Chancellor (Research) of Macquarie University.

"It is the final piece of a puzzle that has occupied synthetic biology researchers for many years now."

Distinguished Professor Ian Paulsen, Director of the ARC Centre of Excellence in Synthetic Biology, who co-led the project, says: "By successfully constructing and debugging the final synthetic chromosome, we've helped complete a powerful platform for engineering biology that could revolutionise how we produce medicines, sustainable materials and other vital resources."

The research team used specialised gene editing tools to identify and fix problems in the synthetic chromosome affecting how well the yeast could reproduce and grow under challenging conditions.




They discovered that the placement of genetic markers near uncertain gene regions accidentally interfered with how essential genes were turned on and off, particularly affecting crucial processes like copper metabolism and how cells divide their genetic material.

"One of our key findings was how the positioning of genetic markers could disrupt the expression of essential genes," says co-lead author Dr Hugh Goold, research scientist at The NSW Department of Primary Industries and Honorary Postdoctoral Research Fellow from Macquarie University's School of Natural Sciences.

"This discovery has important implications for future genome engineering projects, helping establish design principles that can be applied to other organisms."

The completion of the chromosome known as synXVI allows scientists to explore new possibilities in metabolic engineering and strain optimisation. The synthetic chromosome includes features that enable researchers to generate genetic diversity on demand, accelerating the development of yeasts with enhanced capabilities for biotechnology applications.

"The synthetic yeast genome represents a quantum leap in our ability to engineer biology," says Dr Briardo Llorente, Chief Scientific Officer at the Australian Genome Foundry.

The construction of such a large synthetic chromosome was only possible using the robotic instrumentation in the Australian Genome Foundry.




"This achievement opens up exciting possibilities for developing more efficient and sustainable biomanufacturing processes, from producing pharmaceuticals to creating new materials," says Dr Llorente.

The research provides valuable insights for future synthetic biology projects, including potential applications in engineering plant and mammalian genomes. The team's new design principles for synthetic chromosomes to avoid placing potentially disruptive genetic elements near important genes will help other researchers working on synthetic chromosomes.

Macquarie University is responsible for more than 12 per cent of the entire Sc 2.0 project, and this contribution was supported by the NSW Government's Department of Primary Industries, the Australian Research Council Centre of Excellence in Synthetic Biology, and external grants from Bioplatforms Australia and the NSW Chief Scientist and Engineer.
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Research shows PTSD, anxiety may affect reproductive health of women firefighters | ScienceDaily
A new study led by University of Arizona Mel and Enid Zuckerman College of Public Health researchers in collaboration with fire service partners and other researchers around the country through the Fire Fighter Cancer Cohort Study showed that post-traumatic stress disorder and anxiety are associated with lower levels of anti-Mullerian hormone, a marker of ovarian reserve, among women firefighters.


						
The ovarian reserve is the number of healthy eggs in a woman's ovaries that could potentially be fertilized. It is a measure of a woman's fertility and ability to have children.

"These findings highlight the negative effect that mental health conditions can have on health -- specifically, reproductive health," said first author Michelle Valenti, MPH, a doctoral student in epidemiology at the Zuckerman College of Public Health and program coordinator of the Fire Fighter Cancer Cohort Study's Women Firefighter Study.

The paper "Evaluating the Effect of Depression, Anxiety, and Post-Traumatic Stress Disorder on Anti-Mullerian Hormone Levels Among Women Firefighters," was published in the Journal of Women's Health.

Firefighters are exposed to high stress and traumatic situations in addition to chemical exposures and have a higher prevalence of PTSD compared with the general population. Previous research showed that women firefighters have lower levels of anti-Mullerian hormone compared with women who are not firefighters; however, the reason why was unknown.

The research team, which included personnel at the Zuckerman College of Public Health's Center for Firefighter Health Collaborative Research, led this analysis to determine whether anxiety, depression or PTSD were associated with anti-Mullerian hormone levels. They found that clinical diagnoses of PTSD and anxiety were associated with reductions in anti-Mullerian hormone levels of 66% and 33%, respectively.

These findings highlight a potential mechanism through which adverse mental health conditions could lead to adverse reproductive outcomes. Further research is needed to identify potential areas for intervention.




"The work of this AMH study within the broader context of the FFCCS is imperative to taking care of all of our firefighters," said Capt. Caitlin St. Clair of the Puget Sound Regional Fire Authority. "These findings provide scientific leverage to fire departments to implement programs to reduce stress and improve the lives of our firefighter women."

The Women Firefighter Study, a subgroup of the Fire Fighter Cancer Cohort Study, aims to identify causes of stress, cancer and adverse reproductive health effects in women firefighters that would inform effective interventions to mitigate these conditions.

"This study demonstrates the power of the Fire Fighter Cancer Cohort Study Women Firefighter Study to evaluate exposures that lead to adverse gynecologic conditions," Valenti said. "The Women Firefighter Study would not be possible without our amazing fire service partners who have championed women firefighter research."

Co-authors from the Zuckerman College of Public Health include senior author Jeff Burgess, MD, MPH, a professor and director of the Center for Firefighter Health Collaborative Research at the U of A Mel and Enid Zuckerman College of Public Health and a member of the BIO5 Institute; Leslie Farland, ScD, an associate professor and member of the BIO5 Institute; Yiwen Liu, PhD, an assistant professor of epidemiology and biostatistics; Shawn Beitel, program administrator for firefighter research; research technician Jordan Baker; and graduate student Kaiwen Huang.

In addition to St. Claire, other fire service research liaisons who contributed to the study include Capt. John Gulotta of the Tucson Fire Department, Capt. Jamie Kolar and Derek Urwin, PhD, of the Los Angeles County Fire Department, and many other firefighters.

This research was funded by the Federal Emergency Management Agency under award nos. EMW-2015-FP-00213 and EMW-2019-FP-00526.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250122125519.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Recommendations for studying the impact of AI on young people's mental health | ScienceDaily
A new peer-reviewed paper from experts at the Oxford Internet Institute, University of Oxford, highlights the need for a clear framework when it comes to AI research, given the rapid adoption of artificial intelligence by children and adolescents using digital devices to access the internet and social media.


						
Its recommendations are based on a critical appraisal of current shortcomings in the research on how digital technologies' impact young people's mental health, and an in-depth analysis of the challenges underlying those shortcomings.

The paper, "From Social Media to Artificial Intelligence: Improving Research on Digital Harms in Youth,' published 21 January in The Lancet Child and Adolescent Health, calls for a "critical re-evaluation" of how we study the impact of internet-based technologies on young people's mental health, and outlines where future AI research can learn from several pitfalls of social media research. Existing limitations include inconsistent findings and a lack of longitudinal, causal studies.

The analysis and recommendations by the Oxford researchers are divided into four sections:
    	A brief review of recent research on the effects of technology on children's and adolescents' mental health, highlighting key limitations to the evidence.
    	An analysis of the challenges in the design and interpretation of research that they believe underlie these limitations.
    	Proposals for improving research methods to address these challenges, with a focus on how they can apply to the study of AI and children's wellbeing.
    	Concrete steps for collaboration between researchers, policymakers, big tech, caregivers and young people.

"Research on the effects of AI, as well as evidence for policymakers and advice for caregivers, must learn from the issues that have faced social media research," said Dr Karen Mansfield, postdoctoral researcher at the OII and lead author of the paper. "Young people are already adopting new ways of interacting with AI, and without a solid framework for collaboration between stakeholders, evidence-based policy on AI will lag behind, as it did for social media."

The paper describes how the impact of social media is often interpreted as one isolated causal factor, which neglects different types of social media use, as well as contextual factors that influence both technology use and mental health. Without rethinking this approach, future research on AI risks getting caught up in a new media panic, as it did for social media. Other challenges include measures of social media use that are quickly outdated, and data that frequently excludes the most vulnerable young people.

The authors propose that effective research on AI will ask questions that don't implicitly problematise AI, ensure causal designs, and prioritise the most relevant exposures and outcomes.

The paper concludes that as young people adopt new ways of interacting with AI, research and evidence-based policy will struggle to keep up. However, by ensuring our approach to investigating the impact of AI on young people reflects the learnings of past research's shortcomings, we can more effectively regulate the integration of AI into online platforms, and how they are used.

"We are calling for a collaborative evidence-based framework that will hold big tech firms accountable in a proactive, incremental, and informative way," said Professor Andrew Przybylski, OII Professor of Human Behaviour and Technology and contributing author to the paper. "Without building on past lessons, in ten years we could be back to square one, viewing the place of AI in much the same way we feel helpless about social media and smartphones. We have to take active steps now so that AI can be safe and beneficial for children and adolescents."
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Wild baboons not capable of visual self-awareness when viewing their own reflection | ScienceDaily

It was the first time a controlled laser mark test has been done on these animals in a wild setting and strengthens the evidence from other studies that monkeys don't recognise their own reflection.

The researchers observed 120 Chacma baboons in Tsaobis Nature Park, Namibia, between May and October 2021 to better understand self-awareness among wild non-hominid primates, who have previously been tested almost exclusively in captivity.

Study author Dr Alecia Carter (UCL Anthropology) said: "We define self-awareness as 'the capacity to become the object of your own attention' and we test this capacity by assessing an individual's ability to identify an image of themselves.

"The Chacma baboons we observed in Tsaobis Nature Park certainly enjoyed using the mirrors as a new toy, but throughout our study they didn't quite understand that the mirror's reflection represented their own bodies and that the laser mark in the mirror image was, indeed, on themselves.

Dr Carter continued: "Anthropologists have been trying to measure self-awareness in animals for 50 years, but studies have lacked control conditions and focused on small numbers of animals raised in captivity. Our study is the first controlled laser mark test to be conducted in a wild setting and we hope it will act as a framework for future visual self-recognition studies."

In Namibia, the researchers began by allowing the baboons a period of mirror exposure to learn about the reflective surface. Reflective surfaces are uncommon in the baboons' arid natural habitat, in contrast to primates raised in captivity who may have had more exposure to their own reflection.




As shown in the footage, a red or green laser pointer was first shone on a visible part of the baboon's body, such as their hand or foot, to determine whether the baboon would investigate a mark visible on their own bodies. The baboons found the mark visually compelling, showing their curiosity by touching and scratching the mark.

The laser was then shone on a part of their body the baboon could not see unaided, such as their ear or cheek. While sat in front of a mirror, the baboons did not react or respond to the laser mark in the same way, suggesting they did not identify the baboon in the mirror as themselves.

Overall, interest in the lasers decreased with the age of the baboons and was greater among males than females. They also found that the baboons responded more to the green, rather than the red laser mark. The researchers compared a total of 361 laser experiments across 120 baboons.

Corresponding author Esa A. Ahmad said: "Our study provides a fantastic framework for scientists and anthropologists to continue researching the self-awareness of non-hominid primates in their natural setting.

"As the baboons didn't touch the marks when viewed indirectly, this research confirms that monkeys don't spontaneously recognise themselves in a mirror. But, given the monkeys quickly familiarised themselves with their mirror image, it also suggests that they don't consider their reflection to be a stranger."

Ethical permission to conduct the research was granted by the Namibian National Commission on Research Science and Technology and the Zoological Society of London Ethics Committee.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250121210514.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Here's what's causing the Great Salt Lake to shrink | ScienceDaily
The Great Salt Lake, the largest saltwater lake in the Western Hemisphere, reached historic low levels in 2022, raising economic, ecological and public health concerns for Utah. New research from Portland State is believed to be the first peer-reviewed study that quantifies the contributing factors to the record low water volume levels, which the researchers say is important for anticipating and managing future lake changes.


						
"The lake has a lot of social and economic relevance for the region and Utah," said Siiri Bigalke, the lead author and a Ph.D. candidate in PSU's Earth, Environment and Society program who built on research she started while a master's student at Utah State University. "It provides over $1.9 billion in annual economic revenue, serves as a vital feeding ground for millions of migratory birds and enhances snowfall over the Wasatch Mountain Range" -- home to 11 world-class ski resorts which are a big reason why the 2034 Winter Olympics are returning to Salt Lake City.

Bigalke and co-authors Paul Loikith, an associate professor of geography and director of PSU's Climate Science Lab, and Nick Siler, an associate professor in the College of Earth, Ocean, and Atmospheric Sciences at Oregon State University, developed and applied a model that simulates lake volume change year over year from water inputs primarily from streamflow into the lake and precipitation onto the lake and output from water evaporating off the lake.

"We developed a model that created alternate scenarios where only one of the input or output variables changed as observed in order to isolate the relative contributions of streamflow, precipitation and evaporation to the record low volume in 2022," Bigalke said.

The decline in lake levels leading up to 2022 has been widely attributed to low stream flows from the lake's three major tributaries, likely due to some combination of drought, water diversions, and climate change. However, the present study found that lower streamflows only accounted for about two-thirds of the total decline in lake volume. The rest primarily came from an increase in lake evaporation due to warmer temperatures, which will only get worse as temperatures continue to rise.

"As the climate is warming, evaporation off the lake increases, so the contribution from warming to the evaporation is significant," Loikith said. "Without the warming trend, 2022 wouldn't have been record low. Even though streamflow is dominant, the increase in evaporation was necessary to reach the record low."

The researchers said that the findings suggest that increased streamflow can lead to rapid volume recovery in the short term, but under continued warming, evaporation is expected to lead to additional long-term water loss.

In addition to ecological and economic loss, the shrinking lake also poses health risks as a source of toxic dust for the 1.2 million people in the Salt Lake City metro region.

"As the lake shrinks, it's exposing this dry lakebed that could possibly increase dust events into the metropolitan area, affecting the air quality for nearby residents," Bigalke said.

The findings were published in the journal Geophysical Research Letters. The authors suggest further research into determining the degree to which local increasing evaporation, precipitation changes and/or human-caused diversions is affecting streamflow into the lake.
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Can DNA-nanoparticle motors get up to speed with motor proteins? | ScienceDaily
DNA-nanoparticle motors are exactly as they sound: tiny artificial motors that use the structures of DNA and RNA to propel motion by enzymatic RNA degradation. Essentially, chemical energy is converted into mechanical motion by biasing the Brownian motion. The DNA-nanoparticle motor uses the "burnt-bridge" Brownian ratchet mechanism. In this type of movement, the motor is being propelled by the degradation (or "burning") of the bonds (or "bridges") it crosses along the substrate, essentially biasing its motion forward.


						
These nano-sized motors are highly programmable and can be designed for use in molecular computation, diagnostics, and transport. Despite their genius, DNA-nanoparticle motors don't have the speed of their biological counterparts, the motor protein, which is where the issue lies. This is where researchers come in to analyze, optimize, and rebuild a faster artificial motor using single-particle tracking experiment and geometry-based kinetic simulation.

"Natural motor proteins play essential roles in biological processes, with a speed of 10-1000 nm/s. Until now, artificial molecular motors have struggled to approach these speeds, with most conventional designs achieving less than 1 nm/s," said Takanori Harashima, researcher and first author of the study.

Researchers published their work in Nature Communications on January 16th, 2025, featuring a proposed solution to the most pressing issue of speed: switching the bottleneck.

The experiment and simulation revealed that binding of RNase H is the bottleneck in which the entire process is slowed. RNase H is an enzyme involved in genome maintenance, and breaks down RNA in RNA/DNA hybrids in the motor. The slower RNase H binding occurs, the longer the pauses in motion, which is what leads to a slower overall processing time. By increasing the concentration of RNase H, the speed was markedly improved, showing a decrease in pause lengths from 70 seconds to around 0.2 seconds.

However, increasing motor speed came at the cost of processivity (the number of steps before detachment) and run-length (the distance the motor travels before detachment). Researchers found that this trade-off between speed and processivity/run-length could be improved by a larger DNA/RNA hybridization rate, bringing the simulated performance closer to that of a motor protein.

The engineered motor, with redesigned DNA/RNA sequences and a 3.8-fold increase in hybridization rate, achieved a speed of 30 nm/s, 200 processivity, and a 3 mm run-length. These results demonstrate that the DNA-nanoparticle motor is now comparable to a motor protein in performance.




"Ultimately, we aim to develop artificial molecular motors that surpass natural motor proteins in performance," said Harashima. These artificial motors can be very useful in molecular computations based on the motion of the motor, not to mention their merit in the diagnosis of infections or disease-related molecules with a high sensitivity.

The experiment and simulation done in this study provide an encouraging outlook for the future of DNA-nanoparticle and related artificial motors and their ability to measure up to motor proteins as well as their applications in nanotechnology.

Takanori Harashima, Akihiro Otomo, and Ryota Iino of the Institute for Molecular Science at National Institutes of Natural Sciences and the Graduate Institute for Advanced Studies at SOKENDAI contributed to this research.

This work was supported by JSPS KAKENHI, Grants-in-Aid for Transformative Research Areas (A) (Publicly Offered Research) "Materials Science of Meso-Hierarchy" (24H01732) and "Molecular Cybernetics" (23H04434), Grant-in-Aid for Scientific Research on Innovative Areas "Molecular Engine" (18H05424), Grant-in-Aid for Early-Career Scientists (23K13645), JST ACT-X "Life and Information" (MJAX24LE), and Tsugawa foundation Research Grant for FY2023.
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Dolphins use a 'fat taste' system to get their mother's milk | ScienceDaily
Juvenile dolphins were found to have specialized receptors for fatty acids on their tongues, offering new insights into their growth and feeding habits.


						
Scientists have discovered that juvenile bottlenose dolphins have specialized receptors for detecting the fatty acids in their mother's milk. These findings, published in the journal Marine Mammal Science, offer important insights into how these marine mammals grow, feed, and communicate.

The new findings challenge previous assumptions about cetacean sensory systems. Unlike land mammals, dolphins and other marine mammals have limited olfactory capabilities - their sense of smell is largely nonfunctional in aquatic environments. Researchers have therefore speculated that dolphins had other ways of sensing their surroundings and detecting food.

Fat plays an essential role in providing energy and supporting brain development in dolphin calves, which are entirely dependent on their mother's milk during their early stages of life.

"We looked at the tongue of a young Indo-Pacific bottlenose dolphin and confirmed special structures that may help it detect fat," says the study's first author Hinako Katsushima of the Graduate School of Environmental Science at Japan's Hokkaido University. "At the back of the tongue, there's a V-shaped row of taste receptors that are specifically tuned to pick up fatty acids. These receptors also have enzymes that help break down the fat, making it easier for the dolphin to sense and process it."

In a second experiment, the team gave young dolphins a choice between two liquids: one containing milk and the other a cloudy solution. The dolphin showed an unexpected preference for the cloudy solution. This reinforces the finding that dolphins can distinguish between the two liquids, but the researchers are unsure why they avoided the milk. One possibility is that they found the milk unfamiliar - it was a mixture of milk from two females - and so avoided it from a fear of new foods, a habit called neophobia.

"Our findings suggest that the ability to detect fatty acids in their mother's milk is part of a specialized 'fat taste' system that could help dolphins assess the nutritional value of their food," says Assistant Professor Takashi Hayakawa from the Faculty of Environmental Earth Science at Hokkaido University, who led the study. "In the wild, where fat-rich diets are critical for survival, this capability may provide dolphins with an evolutionary advantage, allowing them to select high-quality milk from their mothers and later evaluate the nutritional content of their prey."

The new study opens new avenues for understanding how marine mammals perceive and interact with their environment, as well as how they communicate and forage in the wild. Further research will be necessary to explore the full scope of this "fat taste" system and how it functions in other marine species.
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New study uncovers key mechanism behind learning and memory | ScienceDaily

Researchers have identified a key pathway that links how neurons send signals to each other, or synaptic activity, to the expression of genes necessary for long-term changes in the brain, providing crucial insights into the molecular processes underlying memory formation.

"These findings illuminate a critical mechanism that connects local synaptic activity to the broader gene expression changes necessary for learning and memory," said Mark Dell'Acqua, professor of pharmacology at the University of Colorado Anschutz Medical Campus and senior author of the study. "This paper is mainly a basic science finding of a fundamental process of what nerve cells do. Understanding this relay system not only enhances our knowledge of brain function but could also better inform therapeutic treatments for cognitive disorders."

The nucleus where the genes that modify neuron function are controlled is a long distance away from where neurons receive input from their synapses, which are located in distant dendrites that extend like branches from the trunk of a tree. This research focuses on the cAMP-response element binding protein (CREB), a transcription factor known to regulate genes vital for dynamic changes at synapses which is essential for neuronal communication. Despite CREB's well-documented role in supporting learning and memory, the exact mechanisms leading to CREB activation during neuronal activity remain unclear.

Using advanced microscopy techniques, graduate student Katlin Zent in Dr. Dell'Acqua's research group revealed a crucial relay mechanism involving the activation of receptors and ion channels generating calcium signals that rapidly communicates from synapses in remote dendrite branches to the nucleus in the neuron cell body.

"Going forward, this research will enable us to better examine the way these pathways are utilized in different disease states," said Dell'Acqua. "We could see exactly what parts of this new mechanism are interfered with and where, giving us a better idea of how this pathway affecting learning and memory is impacted. This research highlights potential targets for interventions aimed at conditions like Alzheimer's disease and other memory-related disorders."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250121180248.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state | ScienceDaily
A team led by researchers at Georgia State University has identified a novel group of neurons controlling the brain-heart-gut axis which can be activated to induce a hypometabolic state that resembles hibernation. The discovery could have wide-ranging impacts for scientific fields ranging from obesity to cardiometabolic health, and even space travel.


						
The new study is published in the journal Nature Metabolism.

Lead author Eric Krause is a professor of neuroscience, a Georgia Research Alliance (GRA) Distinguished Investigator at Georgia State University and a core member of the Center for Neuroinflammation and Cardiometabolic Disease (CNCD). Krause worked with researchers from the University of Florida and the Monell Chemical Senses Center in Philadelphia.

"We identified this population of neurons located near the base of the skull that relay the sensation of mechanical stretch exerted on the gut and heart to the brain. When these neurons are activated, they seem to recreate the sensation of feeling full or having increased blood pressure," Krause said. "We found that activating these neurons suppresses eating and lowers blood pressure, heart rate and whole-body metabolism."

During the research, the team discovered that simultaneous, recurrent firing of these neurons in mice produces a torpor-like state, similar to that of animals in hibernation, characterized by reductions in cardiac output, body temperature and energy expenditure.

"We found that repeated excitation of the neurons decreased body mass and produced a hypometabolic state without inducing anxiety-like behaviors that are often observed with chronic stress," Krause said. "This is changing what we know about body-to-brain communication and how profoundly it affects physiology and behavior."

The researchers were able to activate the population of neurons through a process known as chemogenetic excitation. Utilizing animal models to manipulate oxytocin signaling in the vagal sensory neurons, the team was able to assess impacts on various sensory function.




Oxytocin is commonly known as the love hormone and regulates how we respond to other people. Krause said the findings indicate that oxytocin may act on these neurons to also rule how we feel about ourselves, similar to what we think of as "gut feelings" or "heartache."

Krause said activating these neurons could be leveraged therapeutically to achieve weight loss without prolonged hypometabolism or stress side effects.

Researchers also believe this discovery could be a step toward developing treatments for cardiometabolic disease and extending longevity. Torpor is also being explored for applications ranging from biomedical therapeutics to slowing the metabolic rate of astronauts to enable long-duration space travel.

Guillaume de Lartigue is a co-author on the study and a researcher with the Monell Chemical Senses Center. He called this discovery an exciting step toward unlocking the therapeutic potential of the vagus nerve.

"We've tapped into the body's own energy-saving toolkit. By activating these neurons, we can trigger an ancient survival mechanism present in mammals," de Lartigue said. "If we can control the body's on/off switch for energy use, the implications for human health are extraordinary."

Annette de Kloet, an associate professor of neuroscience and part of the Georgia State research team, said the research highlights a novel approach to decreasing food intake, body weight and blood pressure without negative anxiogenic consequences.

"This discovery may lead to novel approaches that take advantage of body-brain communication to alleviate stress-induced cardiometabolic diseases, like obesity and hypertension," de Kloet said.

The research team has recently been awarded an additional $3.4 million grant from the National Institutes of Health to continue its work.

"Our GRA Distinguished Investigators are recognized for their exceptional vision and expertise," said Donald Hamelberg, interim vice president for research and economic development at Georgia State. "This latest breakthrough highlights the research excellence these scholars contribute to our university and to society."
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        Imagining the physics of George R.R. Martin's fictional universe
        Researchers have derived a formula for viral behavior in the Wild Cards, a science fiction series written by a collection of authors about an alien virus called the Wild Card that mutates human DNA. The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

      

      
        New twist in mystery of dinosaurs' origin
        The remains of the earliest dinosaurs may lie undiscovered in the Amazon and other equatorial regions of South America and Africa, suggests a new study.

      

      
        Rare pterosaur fossil reveals crocodilian bite 76m years ago
        The fossilized neck bone of a flying reptile unearthed in Canada shows tell-tale signs of being bitten by a crocodile-like creature 76 million years ago, according to a new study.

      

      
        Curiosity- driven experiment helps unravel antibiotic-resistance mystery
        An international collaboration has achieved an important breakthrough in understanding the genetic mechanisms that allow bacteria to build resistance to drugs.

      

      
        Physicists pioneer entanglement microscopy algorithm to explore how matter entangles in quantum many-body systems
        A research team has recently developed a novel algorithm in quantum physics known as 'entanglement microscopy' that enables visualization and mapping of this extraordinary phenomenon at a microscopic scale. By zooming in on the intricate interactions of entangled particles, one can uncover the hidden structures of quantum matter, revealing insights that could transform technology and deepen the understanding of the universe.

      

      
        Study shows anti-clotting drug reduced bleeding events in patients with atrial fibrillation
        Researchers evaluated a drug that represents a new class of anticoagulants known as Factor XI inhibitors for treating patients with atrial fibrillation as part of the AZALEA-TIMI 71 Study. The trial was stopped early by the recommendation of the Data Monitoring Committee due to an overwhelming reduction in bleeding compared to standard-of-care treatment.

      

      
        Stronger stress response in monkeys helps them survive
        Researchers used the environmental circumstances and fecal samples collected from the six years prior to the severe El Ni o drought in Costa Rica to study the relationship between the endocrinologic stress response and survival in white-faced capuchin monkeys. Monkeys who showed a steeper rise in these stress hormones during the mild droughts were more likely to survive the severe El Nino drought. As weather intensifies globally, longitudinal studies of how wild animals cope with changes in tempe...

      

      
        T cells rise up to fight infections in the gut
        Pathogen-fighting immune cells called tissue-resident memory CD8 T cells (TRM cells) go through a surprising transformation -- and relocation -- as they fight infections in the small intestine.

      

      
        New research uncovers exotic electron crystal in graphene
        Researchers have identified a new class of quantum states in a custom-engineered graphene structure. The study reports the discovery of topological electronic crystals in twisted bilayer -- trilayer graphene, a system created by introducing a precise rotational twist between stacked two-dimensional materials.

      

      
        Float like a jellyfish: New coral mobility mechanisms uncovered
        When it comes time to migrate, new research has found how a free-living coral ignores the classic advice and goes straight towards the light.

      

      
        Exposure to stress during early pregnancy affects offspring into adulthood
        Maternal stress hormone levels during early pregnancy can have a lasting effect on the stress system of the offspring. The results of a long-term study on wild Assamese macaques in Thailand indicate that maternal stress in the first half of pregnancy is particularly relevant. Elevated stress hormones later during pregnancy or after birth did not have the same effects. The long-term study provides important insights into the influence of early life stages on the development of the stress system un...

      

      
        Drug candidate eliminates breast cancer tumors in mice in a single dose
        Despite significant therapeutic advances, breast cancer remains a leading cause of cancer-related death in women. Treatment typically involves surgery and follow-up hormone therapy, but late effects of these treatments include osteoporosis, sexual dysfunction and blood clots. Now, researchers have created a novel treatment that eliminated small breast tumors and significantly shrank large tumors in mice in a single dose, without problematic side effects.

      

      
        Fossil discovery in the Geiseltal Collection: Researchers identify unique bird skull
        Around 45 million years ago, a 4.6 feet-tall (1.40 meters) flightless bird called Diatryma roamed the Geiseltal region in southern Saxony-Anhalt. An international team of researchers report on the bird's fully preserved skull. The fossil was unearthed in the 1950s in a former lignite mining area in the Geiseltal in Germany. It was initially misclassified and thus led a shadowy existence until its rediscovery. The only other place that a similar skull fossil has been found is the USA.

      

      
        Researchers make breakthrough in bioprinting functional human heart tissue
        Researchers have developed a way of bioprinting tissues that change shape as a result of cell-generated forces, in the same way that it happens in biological tissues during organ development. The breakthrough science focused on replicating heart tissues, bringing research closer to generating functional, bioprinted organs, which would have broad applications in disease modelling, drug screening and regenerative medicine.

      

      
        Fighting experience plays key role in brain chemical's control of male aggression
        Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.

      

      
        AI in cell research: Moscot reveals cell dynamics in unprecedented detail
        Thanks to a new technology called Moscot ('Multi-Omics Single-Cell Optimal Transport'), researchers can now observe millions of cells simultaneously as they develop into a new organ -- for example, a pancreas.

      

      
        Final synthetic yeast chromosome unlocks new era in biotechnology
        Scientists have completed construction of the final chromosome in the worlds' first synthetic yeast genome following more than a decade of work, opening new possibilities for creating resilient, engineered organisms.

      

      
        Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state
        A new study has identified a group of neurons that, when activated, can induce a hypometabolic state, akin to hibernation. The discovery could have far-reaching implications for conditions like obesity, cardiometabolic diseases, and even for space travel. The research team found that these neurons regulate key aspects of the brain-heart-gut axis.

      

      
        Reimagining chain mail
        Experiments have yielded a fascinating new type of matter, neither granular nor crystalline, that responds to some stresses as a fluid would and to others like a solid. The new material, known as PAM (for polycatenated architected materials) could have uses in areas ranging from helmets and other protective gear to biomedical devices and robotics.

      

      
        Extreme climate pushed thousands of lakes in West Greenland 'across a tipping point,' study finds
        Following two months of record heat and precipitation in fall 2022, an estimated 7,500 lakes in West Greenland turned brown, began emitting carbon and decreased in water quality in less than a year. The spike in temperatures caused the precipitation to fall as rain instead of snow. The heat also caused permafrost to thaw, releasing an abundance of carbon, iron, magnesium and other elements that the rain washed into the lakes. Researchers found a decrease in phytoplankton that absorb carbon dioxid...

      

      
        Astronomers thought they understood fast radio bursts: A recent one calls that into question
        Fast radio bursts are mysterious and brief flashes of radio emissions that were thought to be produced by magnetars, highly magnetized rotating neutron stars. Yet magnetars appear primarily in young star clusters. A repeating burst discovered last year has been pinpointed to the distant outskirts of an old but massive elliptical galaxy where, theoretically, such stars would long since have disappeared. Does this mean magnetars are not the source of FRBs?

      

      
        'Unprecedented' level of control allows person without use of limbs to operate virtual quadcopter
        A brain-computer interface, surgically placed in a research participant with tetraplegia, paralysis in all four limbs, provided an unprecedented level of control over a virtual quadcopter -- just by thinking about moving his unresponsive fingers.

      

      
        Cycle of coral bleaching on the Great Barrier Reef now at 'catastrophic' levels
        Marine scientists highlights the complex interplay between heat stress, disease onset and coral mortality. They found that 66 percent of the colonies were bleached by February 2024 and 80 per cent by April. By July, 44 percent of the bleached colonies had died, with some coral genera, such as Acropora, experiencing a staggering 95 percent mortality rate.

      

      
        Neuromorphic semiconductor chip that learns and corrects itself?
        Scientists have developed a computing chip that can learn, correct errors, and process AI tasks.

      

      
        A team with diverse expertise produces novel ideas -- but are they practical?
        A first-of-its-kind study shows that while teams with differing skill sets and perspectives bring fresh, unique ideas to the table, they often struggle to create practical, workable solutions -- raising important questions for managers and businesses worldwide.

      

      
        New evidence suggests megaflood refilled the Mediterranean Sea five million years ago
        A new study provides compelling new evidence that a colossal 'megaflood' refilled the Mediterranean Sea, ending a period during which the Med was a vast expanse of salt flats. The study suggests the Zanclean Megaflood ended the Messinian Salinity Crisis, which lasted between 5.97 and 5.33 million years ago.

      

      
        Antibiotics, vaccinations and anti-inflammatory medication linked to reduced risk of dementia
        Antibiotics, antivirals, vaccinations and anti-inflammatory medication are associated with reduced risk of dementia, according to new research that looked at health data from over 130 million individuals.

      

      
        Extreme supersonic winds measured on planet outside our Solar System
        Astronomers have discovered extremely powerful winds pummeling the equator of WASP-127b, a giant exoplanet. Reaching speeds up to 33,000 km/h, the winds make up the fastest jet-stream of its kind ever measured on a planet. The discovery provides unique insights into the weather patterns of a distant world.

      

      
        Why our biological clock ticks: Research reconciles major theories of aging
        Two major theories of aging both involve DNA, but in very different ways. Researchers have revealed that these theories may not be so different after all.

      

      
        Salt deposit ring inside your pasta pan?
        If you've ever tossed a generous pinch of salt into your pasta pan's water for flavor or as an attempt to make it boil faster, you've likely ended up with a whitish ring of deposits inside the pan. A group of scientists, inspired by this observation during an evening of board games and pasta dinner, wondered what it would take to create the most beautiful salt ring inside the pasta pan they report their findings about what causes these peculiar salt particle cloud deposits to form.

      

      
        First fast radio burst traced to old, dead, elliptical galaxy
        Astronomers previously thought all FRBs were generated by magnetars formed through the explosions of very young, massive stars. But new FRB is pinpointed to the outskirts of 11.3-billion-year-old galaxy without young, active stars -- calling those assumptions into question. 'Just when you think you understand an astrophysical phenomenon, the universe turns around and surprises us,' researcher says.

      

      
        Global trust in science remains strong
        A global survey spanning 68 countries reveals that public trust in scientists is still high. A team of 241 researchers conducted the largest post-pandemic study of trust in science, societal expectations and public views on research priorities.

      

      
        In chimpanzees, peeing is contagious
        A new study has described a phenomenon researchers refer to as 'contagious urinations.' The study in 20 captive chimpanzees living at the Kumamoto Sanctuary in Japan shows that, when one chimp pees, others are more likely to follow.

      

      
        Ancient viral DNA shapes early embryo development
        Over half of our genomes consists of thousands of remnants of ancient viral DNA, known as transposable elements, which are widespread across the tree of life. Once dismissed as the 'dark side' of the genome, researchers have now revealed their crucial role in early embryo development.

      

      
        NASA's Hubble traces hidden history of Andromeda galaxy
        In the years following the launch of NASA's Hubble Space Telescope, astronomers have tallied over 1 trillion galaxies in the universe. But only one galaxy stands out as the most important nearby stellar island to our Milky Way -- the magnificent Andromeda galaxy (Messier 31). It can be seen with the naked eye on a very clear autumn night as a faint cigar-shaped object roughly the apparent angular diameter of our Moon. A century ago, Edwin Hubble first established that this so-called 'spiral nebul...

      

      
        Insights into how populations conform or go against the crowd
        Cultural traits -- the information, beliefs, behaviors, customs, and practices that shape the character of a population -- are influenced by conformity, the tendency to align with others, or anti-conformity, the choice to deliberately diverge. A new way to model this dynamic interplay could ultimately help explain societal phenomena like political polarization, cultural trends, and the spread of misinformation.

      

      
        The universe is expanding too fast to fit theories: Hubble tension in crisis
        The Universe really seems to be expanding fast. Too fast, even. A new measurement confirms what previous -- and highly debated -- results had shown: The Universe is expanding faster than predicted by theoretical models, and faster than can be explained by our current understanding of physics. This discrepancy between model and data became known as the Hubble tension. Now, results provide even stronger support to the faster rate of expansion.

      

      
        Astrophysicists reveal structure of 74 exocomet belts orbiting nearby stars in landmark survey
        Astrophysicists have imaged a large number of exocomet belts around nearby stars, and the tiny pebbles within them. The crystal-clear images show light being emitted from these millimeter-sized pebbles within the belts that orbit 74 nearby stars of a wide variety of ages -- from those that are just emerging from birth to those in more mature systems like our own Solar System.

      

      
        Three million years ago, our ancestors were vegetarian
        Human ancestors like Australopithecus -- which lived around 3.5 million years ago in southern Africa -- ate very little to no meat, according to new research. This conclusion comes from an analysis of nitrogen isotope isotopes in the fossilized tooth enamel of seven Australopithecus individuals. The data revealed that these early hominins primarily relied on plant-based diets, with little to no evidence of meat consumption.

      

      
        Fine-tuned brain-computer interface makes prosthetic limbs feel more real
        Two new articles document progress in neuroprosthetic technology that lets people feel the shape and movement of objects moving over the 'skin' of a bionic hand.

      

      
        New chainmail-like material could be the future of armor
        Resembling the interlocking links in chainmail, novel nanoscale material is incredibly strong and flexible. The interlocked material contains 100 trillion mechanical bonds per 1 square centimeter -- the highest density of mechanical bonds ever achieved. Small amounts of the mechanically interlocked polymer added to Ultem fibers increased the high-performance material's toughness.

      

      
        The megadroughts are upon us
        Increasingly common since 1980, persistent multi-year droughts will continue to advance with the warming climate, warns a new study. This publicly available forty-year global quantitative inventory seeks to inform policy regarding the environmental impact of human-induced climate change. It also detected previously 'overlooked' events.

      

      
        Quantum engineers 'squeeze' laser frequency combs to make more sensitive gas sensors
        Scientists use devices known as frequency comb lasers to search for methane in the air above oil and gas operations and to screen for signs of infection in human breath. A new study could help make these sensors even more precise.

      

      
        How climate change may alter hydrology of grassland ecosystems
        New research reveals that drought and increased temperatures in a CO2-rich climate can dramatically alter how grasslands use and move water. The study provides the first experimental demonstration of the potential impacts of climate change on water movement through grassland ecosystems, which make up nearly 40% of Earth's land area and play a critical role in Earth's water cycle.

      

      
        Polymer research shows potential replacement for common superglues with a reusable and biodegradable alternative
        Researchers have developed an adhesive polymer that is stronger than current commercially available options while also being biodegradable, tunable, and reusable. The findings show how the common, naturally occurring polymer P3HB can be chemically re-engineered for use as a strong yet sustainable bonding agent.

      

      
        This tiny galaxy is answering some big questions
        Leo P, a small galaxy and a distant neighbor of the Milky Way, is lighting the way for astronomers to better understand star formation and how a galaxy grows. Scientists have reported finding that Leo P 'reignited,' reactivating during a significant period on the timeline of the universe, producing stars when many other small galaxies didn't.

      

      
        Large and small galaxies may grow in ways more similar than expected
        Galaxies like the Milky Way grow by merging with smaller galaxies over billions of years, unlike dwarf galaxies, which have long been thought to lack the heft to attract mass and grow in the same way. New observations challenge this view, suggesting that even dwarf galaxies can accrete mass from other small galaxies.

      

      
        Gene-edited soil bacteria could provide third source of nitrogen for corn production
        If corn was ever jealous of soybean's relationship with nitrogen-fixing bacteria, advancements in gene editing could one day even the playing field. A recent study shows that gene-edited bacteria can supply the equivalent of 35 pounds of nitrogen from the air during early corn growth, which may reduce the crop's reliance on nitrogen fertilizer.

      

      
        Volcanic eruption caused Neolithic people to sacrifice unique 'sun stones'
        4,900 years ago, a Neolithic people on the Danish island Bornholm sacrificed hundreds of stones engraved with sun and field motifs. Archaeologists and climate scientists can now show that these ritual sacrifices coincided with a large volcanic eruption that made the sun disappear throughout Northern Europe.

      

      
        Asteroid impact sulfur release less lethal in dinosaur extinction
        Previous studies have posited that the mass extinction that wiped the dinosaurs off the face of the Earth was caused by the release of large volumes of sulfur from rocks within the Chicxulub impact crater 66 million years ago. A new study questions this scenario. Using groundbreaking empirical measurements of sulfur within the related Cretaceous-Paleogene (K-Pg) boundary layer, the international team has demonstrated that the role of sulfur during the extinction has been overestimated.
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Imagining the physics of George R.R. Martin's fictional universe | ScienceDaily
Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.


						
In independent research published in the American Journal of Physics, from AIP Publishing, Tregillis and George R.R. Martin derive a formula for viral behavior in the Wild Cards universe. 

Wild Cards is a science fiction series written by a collection of authors and edited by Martin and Melinda M. Snodgrass. Sitting at over 30 volumes, the books are about an alien virus called the Wild Card that mutates human DNA. Martin is credited as a co-author of the paper, making it his first peer-reviewed physics publication.

The idea to explore the science behind the fictional virus came from a series of blog posts on the Wild Cards website.

"Like any physicist, I started with back-of-the-envelope estimates, but then I went off the deep end. Eventually I suggested, only half-jokingly, that it might be easier to write a genuine physics paper than another blog post," Tregillis said. "Being a theoretician, I couldn't help but wonder if a simple underlying model might tidy up the canon."

The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

Tregillis shared that deriving this physical model was a fun but open-ended puzzle. After some trial and error of models based on fractals or thermodynamic analogies, he and Martin settled on the Lagrangian approach.

"We translated the abstract problem of Wild Card viral outcomes into a simple, concrete dynamical system. The time-averaged behavior of this system generates the statistical distribution of outcomes," he said.

While the Wild Card virus can be modeled by physics, Tregillis emphasized that it isn't a hard-and-fast rule in the canon.

"Good storytelling is about characters: their wants, needs, obstacles, challenges, and how they interact with their world," Tregillis said. "The fictional virus is really just an excuse to justify the world of Wild Cards, the characters who inhabit it, and the plot lines that spin out from their actions."
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New twist in mystery of dinosaurs' origin | ScienceDaily
The remains of the earliest dinosaurs may lie undiscovered in the Amazon and other equatorial regions of South America and Africa, suggests a new study led by UCL (University College London) researchers.


						
Currently, the oldest known dinosaur fossils date back about 230 million years and were unearthed further south in places including Brazil, Argentina and Zimbabwe. But the differences between these fossils suggest dinosaurs had already been evolving for some time, pointing to an origin millions of years earlier.

The new study, published in the journal Current Biology, accounted for gaps in the fossil record and concluded that the earliest dinosaurs likely emerged in a hot equatorial region in what was then the supercontinent Gondwana -- an area of land that encompasses the Amazon, Congo basin, and Sahara Desert today.

Lead author and PhD student Joel Heath (UCL Earth Sciences and the Natural History Museum, London) said: "Dinosaurs are well studied but we still don't really know where they came from. The fossil record has such large gaps that it can't be taken at face value.

"Our modelling suggests that the earliest dinosaurs might have originated in western, low-latitude Gondwana. This is a hotter and drier environment than previously thought, made up of desert- and savannah-like areas.

"So far, no dinosaur fossils have been found in the regions of Africa and South America that once formed this part of Gondwana. However, this might be because researchers haven't stumbled across the right rocks yet, due to a mix of inaccessibility and a relative lack of research efforts in these areas."

The modelling study drew on fossils and evolutionary trees of dinosaurs and their close reptile relatives, as well as the geography of the period. It accounted for gaps in the fossil record by treating areas of the globe where no fossils had been found as missing information rather than areas where no fossils exist.




Initially, early dinosaurs were vastly outnumbered by their reptile cousins.

These included the ancestors of crocodiles, the pseudosuchians (an abundant group including enormous species up to 10 metres long), and pterosaurs, the first animals to evolve powered flight (flying by flapping wings rather than gliding), who grew as big as fighter jets.

By contrast, the earliest dinosaurs were much smaller than their descendants -- more the size of a chicken or dog than a Diplodocus. They walked on two legs (were bipedal) and most are thought to have been omnivores.

Dinosaurs became dominant after volcanic eruptions wiped out many of their reptile relatives 201 million years ago.

The new modelling results suggested that dinosaurs as well as other reptiles may have originated in low-latitude Gondwana, before radiating outwards, spreading to southern Gondwana and to Laurasia, the adjacent northern supercontinent that later split into Europe, Asia and North America.

Support for this origin comes from the fact it is a midpoint between where the earliest dinosaurs have been found in southern Gondwana and where the fossils of many of their close relatives have been discovered to the north in Laurasia.




As there is uncertainty about how the most ancient dinosaurs were related to one another and to their close relatives, the researchers ran their model on three proposed evolutionary trees.

They found strongest support for a low-latitude Gondwanan origin of the dinosaurs in the model that counted silesaurids, traditionally regarded as cousins of dinosaurs but not dinosaurs themselves, as ancestors of ornithischian dinosaurs.

Ornithischians, one of the three main dinosaur groups that later included plant eaters Stegosaurus and Triceratops, are mysteriously absent from the fossil record of these early years of the dinosaur era. If silesaurids are the ancestors of ornithischians, this helps to fill in this gap in the evolutionary tree.

Senior author Professor Philip Mannion (UCL Earth Sciences) said: "Our results suggest early dinosaurs may have been well adapted to hot and arid environments. Out of the three main dinosaur groups, one group, sauropods, which includes the Brontosaurus and the Diplodocus, seemed to retain their preference for a warm climate, keeping to Earth's lower latitudes.

"Evidence suggests the other two groups, theropods and ornithischians, may have developed the ability to generate their own body heat some millions of years later in the Jurassic period, allowing them to thrive in colder regions, including the poles."

The earliest known dinosaurs include Eoraptor, Herrerasaurus, Coelophysis, and Eodromaeus.
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Rare pterosaur fossil reveals crocodilian bite 76m years ago | ScienceDaily
The fossilised neck bone of a flying reptile unearthed in Canada shows tell-tale signs of being bitten by a crocodile-like creature 76 million years ago, according to a new study published today [23 January] in the Journal of Palaeontology.


						
The juvenile pterosaur vertebra, discovered in Dinosaur Provincial Park, Alberta, bears a circular four-millimetre-wide puncture mark from a crocodilian tooth. Researchers from the Royal Tyrrell Museum of Palaeontology (Canada), the University of Reading (UK) and the University of New England (Australia) say this rare evidence provides insight into predator-prey dynamics in the region during the Cretaceous Period.

The discovery was made during an international field course that took place in July 2023, led by Dr Brian Pickles from the University of Reading.

Dr Caleb Brown from the Royal Tyrrell Museum of Palaeontology is the lead author of the paper. He said: "Pterosaur bones are very delicate -- so finding fossils where another animal has clearly taken a bite is exceptionally uncommon. This specimen being a juvenile makes it even more rare."

Dinosaur Provincial Park has produced some of the most important dinosaur fossil discoveries ever made.

The punctured vertebra belongs to a young Azhdarchid pterosaur (Cryodrakon boreas), with an estimated wingspan of two metres. Adults of this species would have been as tall as a giraffe with a wingspan in the region of 10m.

The researchers used micro-CT scans and comparisons with other pterosaur bones to confirm the puncture is not a result of damage during fossilisation or excavation, but an actual bite.

Dr Brian Pickles from the University of Reading and co-author of the paper said: "Bite traces help to document species interactions from this period. We can't say if the pterosaur was alive or dead when it was bitten but the specimen shows that crocodilians occasionally preyed on, or scavenged, juvenile pterosaurs in prehistoric Alberta over 70 million years ago."

The paper also shows that this new bone documents the first evidence in North America of ancient crocodilians opportunistically feeding on these giant prehistoric flying reptiles. Other examples of Azhdarchid bones with possible crocodilian bites have previously been found in Romania.
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Curiosity- driven experiment helps unravel antibiotic-resistance mystery | ScienceDaily
An international collaboration has achieved an important breakthrough in understanding the genetic mechanisms that allow bacteria to build resistance to drugs.


						
Bacteria have multiple defence mechanisms they can use to build resistance to antibiotics, one of the major problems facing public health globally.

One of these mechanisms involves plasmids, small DNA molecules in bacterial cells, which have their own independent genome and carry antibiotic resistance.

If we can work out the roles plasmids play inside bacteria, then we can use the information to develop a new generation of therapeutics that can target drug resistant infections.

John Innes Centre researchers and partners used a model plasmid called RK2 that is used globally to study clinically relevant plasmids that transmit antimicrobial resistance.

Their initial focus was a molecule called KorB which is essential for plasmids to survive within their bacterial hosts. This DNA-binding protein was previously known to have played a role in controlling gene expression but how this happens was unclear.

To figure this out they teamed up with leading experts from Madrid, New York and Birmingham, UK..




Using advanced microscopy and protein crystallography techniques, the research team discovered that KorB interacts with another molecule called KorA. This KorB-KorA regulatory system shuts down bacterial gene expression, KorB acting as a DNA sliding clamp and KorA as a lock which holds KorB in place.

Together this complex shuts off gene expression to keep the plasmid safe within its bacterial host.

This newly discovered mechanism offers a fresh insight into long-range gene silencing in bacteria. This is the phenomenon by which regulatory elements such as the KorB-KorA complex can interact with distant target genes, in this case switching them off so that the plasmid can survive in the bacterial host.

First author of the study Dr Thomas McLean, a postdoctoral researcher at the John Innes Centre, says the discovery is a triumph of curiosity-driven science: "Originally this project set out to focus on KorB. Then a lucky "Friday afternoon" experiment, which was done purely of curiosity, brought our focus onto the ability for KorA to clamp KorB in the right place at the right time. This was a huge breakthrough that drastically changed the direction of the project. Our study provides a new paradigm for bacterial long-range gene regulation and offers a target for novel therapeutics to destabilise plasmids in their host and re-sensitise them to antibiotics."

The study solves a decades long conundrum in the field, of how the critical protein KorB controls when genes are switched on and off in the multi-drug-resistant plasmid RK2 in bacteria.

The research is being expanded to include more clinically relevant plasmids and to probe further into the KorB-KorA mechanism to see how it disassembles at the correct time.

KorB switching from DNA-sliding clamp to repressor mediates long-range gene silencing in a multi-drug resistance plasmid is in Nature Microbiology.
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Physicists pioneer entanglement microscopy algorithm to explore how matter entangles in quantum many-body systems | ScienceDaily
Quantum entanglement -- a phenomenon where particles are mysteriously linked no matter how far apart they are -- presents a long-standing challenge in the physical world, particularly in understanding its behaviour within complex quantum systems.


						
A research team from the Department of Physics at The University of Hong Kong (HKU) and their collaborators have recently developed a novel algorithm in quantum physics known as 'entanglement microscopy' that enables visualisation and mapping of this extraordinary phenomenon at a microscopic scale. By zooming in on the intricate interactions of entangled particles, one can uncover the hidden structures of quantum matter, revealing insights that could transform technology and deepen the understanding of the universe.

This study, led by Professor Zi Yang MENG and co-authored by his PhD students Ting-Tung WANG and Menghan SONG of HKU Department of Physics, in collaboration with Professor William WITCZAK-KREMPA and PhD student Liuke LYU from the University of Montreal, unveils the hidden structures of quantum entanglement in many-body systems, offering a fresh perspective on the behaviour of quantum matter. Their findings were recently published in the journal Nature Communications.

A Breakthrough in Mapping Quantum Entanglement

Quantum entanglement describes a deep connection between particles, where the state of one particle is instantly linked to another, even across vast distances. Imagine rolling two dice in different locations -- quantum entanglement is like finding that the outcome of one die always determines the outcome of the other, no matter how far apart they are. This phenomenon, famously called 'spooky action at a distance' by Albert Einstein, is not just a theoretical curiosity but underpins technologies like quantum computing, cryptography, and the study of exotic materials and black holes. However, it is intrinsically difficult to obtain the entanglement information in quantum many-body systems both analytically and numerically due to the exponentially large degree of freedoms.

Researchers have addressed this challenge by developing 'entanglement microscopy', an innovative protocol based on large-scale quantum Monte Carlo simulation that can successfully extract the quantum entanglement information in small regions of quantum systems. By focusing on these microscopic areas, this method reveals how particles interact and organise themselves in intricate ways, especially near critical points in quantum phase transitions -- special states where quantum systems undergo profound changes in behaviour.

Their exploration focused on two prominent models at two-dimension: the transverse field Ising model and fermionic t-V model that realises the Gross-Neveu-Yukawa transition of Dirac fermions, each revealing fascinating insights into the nature of quantum entanglement. They discovered that at the Ising quantum critical point, entanglement is short-range, meaning particles are connected only over small distances. This connection can abruptly vanish due to changes in distance or temperature -- a phenomenon known as 'sudden death'. In contrast, their investigation of the fermionic transition revealed a more gradual decline in entanglement even at larger separations, indicating that particles can maintain connections despite being far apart.

Intriguingly, the team discovered that in two-dimensional Ising transitions, three-party entanglement was absent, yet present in one-dimensional systems. This implies that system dimensionality significantly affects entanglement behaviour. To simplify, low-dimensional systems are akin to a small group of friends where deep connections (complex multi-particle entanglement) are more probable. Conversely, high-dimensional systems, comparable to larger, more complex social networks, often suppress such connections. These findings provide important understanding of how entanglement structure alters with increasing system complexity.

Applications and Impact

This breakthrough has significant implications for advancing quantum technologies. By providing a clearer understanding of entanglement, it could help optimise quantum computing hardware and algorithms, enabling faster problem-solving in fields like cryptography and artificial intelligence. It also opens the door to designing next-generation quantum materials with applications in energy, electronics, and superconductivity. Furthermore, this tool could deepen our understanding of fundamental physics and improve quantum simulations in chemistry and biology.
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Study shows anti-clotting drug reduced bleeding events in patients with atrial fibrillation | ScienceDaily
Patients with atrial fibrillation are typically prescribed an anticoagulant, or blood thinner, to reduce the risk of stroke, but many may discontinue them or never receive a prescription due to concerns of increased risk of bleeding complications. Researchers from Mass General Brigham evaluated a drug that represents a new class of anticoagulants known as Factor XI inhibitors for treating patients with atrial fibrillation as part of the AZALEA-TIMI 71 Study. The trial was stopped early by the recommendation of the Data Monitoring Committee due to an overwhelming reduction in bleeding compared to standard-of-care treatment. The researchers report in the New England Journal of Medicinethat abelacimab, a Factor XI inhibitor, significantly reduced bleeding compared to a standard-of-care anticoagulant, rivaroxaban.


						
"It should be enormously satisfying to the cardiovascular field, patients and providers that Factor XI inhibitors live up to their promise of superior safety," said Christian Ruff, MD, MPH, director of General Cardiology within the Cardiovascular Division at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, senior investigator in the TIMI Study Group and principal investigator of the AZALEA-TIMI 71 Study. "Atrial fibrillation is a common medical condition, and bleeding with currently available anticoagulants resulting in significant undertreatment is still one of the greatest shortcomings in cardiovascular disease."

About 1-in-3 people will develop atrial fibrillation, making it one of the most common cardiovascular conditions in the world. The risk of stroke increases significantly in patients with atrial fibrillation because blood clots form in the heart chambers and can be pumped to the brain, causing a stroke.

The AZALEA-TIMI 71 Study is the largest and longest trial examining a Factor XI inhibitor compared to standard of care direct oral anticoagulants to date. The team enrolled 1,287 participants in 95 study sites across the globe. Participants were randomized and administered monthly injections of 150 mg abelacimab, 90 mg abelacimab, or standard dosing of rivaroxaban (20 mg or 15 mg in dose reduced patients). The team found that the 150 mg dose of abelacimab reduced bleeding that required hospitalization or medical attention by 62%, compared with rivaroxaban. The 90 mg dose of abelacimab reduced the same types of bleeding by 69%. In addition, the team found that both doses of abelacimab almost eliminated gastrointestinal bleeding compared to rivaroxaban, which is the most common type of bleeding that occurs in patients on currently available anticoagulants.

The team notes that in the AZALEA-TIMI 71 Study, the rates of stroke were low and there were not any significant differences between patients in the abelacimab groups compared to those taking rivaroxaban, although the trial was not powered for ischemic events.

The TIMI Study Group is leading an ongoing phase 3 trial of the study, LILAC-TIMI 76, which will compare the 150 mg dose of abelacimab to placebo in high-risk atrial fibrillation patients who have been deemed ineligible for current anticoagulants for the prevention of ischemic stroke and systemic embolism.

"The AZALEA-TIMI 71 Study validated that Factor XI inhibitors have an incredibly safe bleeding profile in patients with atrial fibrillation, which is a tremendous potential advance for our patients," said Ruff. "Now we can shift our attention as we await the results of the phase 3 trials."
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Stronger stress response in monkeys helps them survive | ScienceDaily
White-faced capuchin monkeys in Costa Rica who experienced more intense physiological responses to mild droughts were more fit to survive extreme drought, researchers found in a new UCLA-led study.


						
Most research on wild animals and humans is focused on the damage that stress response causes to a system -- "the wear-and-tear." In this new study, however, published in the journal of Science Advances, a team of researchers sought to examine the adaptive nature of the stress response in wild primates and how a more robust stress response might help them when faced with catastrophic events.

"We wanted to understand how the stress response adaptively helps these individuals survive greater challenges," Susan Perry, a UCLA evolutionary anthropologist, field primatologist and co-author of the study, said.

In the absence of an experimental design that could apply the same stressor to all individuals in a population, the researchers took advantage of a natural experiment -- a particularly severe El Nino drought -- to investigate the relationship between hormonal responses to this extreme stressor and survival outcomes of white-faced capuchins at the Lomas Barbudal Capuchin Monkey Project in Guanacaste, Costa Rica.

In Guanacaste, Perry and a team of researchers have been documenting the lives of monkeys and studying their social behaviors and survival strategies for 35 years. For this particular study, Perry's research group (including current and former graduate students, and research assistants Irene Godoy, Ashley Mensing, Juliane Damm and Colleen Gault) collaborated with University of Michigan researchers Jacinta Beehner and Sofia Carrera.

How a drought led to discovery

The El Nino drought that spread across Central and South America from 2014 to 2016 was the biggest in recent history and led to the deaths of many monkeys. While devastating for the monkeys and the researchers who have studied them for so long, Perry's team was able to make use of the environmental circumstances and samples collected from the six years prior to study the relationship between the endocrinologic stress response and survival in the white-faced capuchins.




During the drought, the monkeys started to lose weight, revealing vertebrae and rib cages, and mothers even rejected caring for and nursing their infants, abandoning them to go forage. Monkeys who would normally babysit infants in a mother's absence also were not taking on child care responsibilities. Mortality rates soared, particularly for infants and older females. This was the only time in Perry's long-term study that these monkeys, who are usually behaviorally flexible, failed to adapt to an environmental stressor by simply changing how they behaved (e.g., changing their diet).

For 14 female monkeys who survived and 14 who had died, the researchers analyzed glucocorticoid levels in fecal material that had been collected from them in the six years prior to the El Nino drought (2008-2013). Glucocorticoids are steroid hormones that regulate metabolism, inflammation and the immune system.

What glucocorticoids in monkey fecal matter revealed

The researchers discovered that the monkeys who showed a steeper rise in these stress hormones during the mild droughts were more likely to survive the severe El Nino drought than those monkeys who experienced less of a stress response. The findings controlled for other conditions known to affect these hormone levels, such as pregnancy and time of day.

With a clearer picture of what an adaptive stress response looks like for this species and population, Perry's team can begin to ask questions about the origin and maintenance of individual differences in the endocrine stress response and whether these differences affect survival.

The study also puts a spotlight on the value of long-term studies in the face of climate change. As weather intensifies globally, longitudinal studies of how wild animals cope with changes in temperature, rainfall and food availability can help us understand which species can adapt rapidly through learning or physiological flexibility and which species lack the ability to cope with major environmental changes during their lifetimes. This knowledge can be useful for conservation reasons. For example, a population of highly endangered animals that cannot quickly adapt to change might need to be moved to a place that now has climatic conditions that match the environment in which that population evolved.
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T cells rise up to fight infections in the gut | ScienceDaily
Your gut is a battleground. The cells that line your small intestine have to balance two seemingly contradictory jobs: absorbing nutrients from food, while keeping a wary eye out for pathogens trying to invade your body.


						
"This is a surface where pathogens can sneak in," says La Jolla Institute for Immunology (LJI) Assistant Professor Miguel Reina-Campos, Ph.D. "That's a massive challenge for the immune system."

So how do immune cells keep the gut safe? New research led by scientists at LJI, UC San Diego, and the Allen Institute for Immunology shows that pathogen-fighting immune cells called tissue-resident memory CD8 T cells (TRM cells) go through a surprising transformation -- and relocation -- as they fight infections in the small intestine.

In fact, these cells literally rise up higher in the tissue to fight infections before pathogens can spread to deeper, more vulnerable areas.

"The tissue in the gut has evolved to provide signals to immune cell infiltrates -- to put immune cells in specific places so they have a better ability to stop pathogens," says Reina-Campos, who served as first author of the new Nature study alongside co-first author Alexander Monell of UC San Diego and co-senior authors Maximilian Heeg, M.D., and Ananda W. Goldrath, Ph.D., of the Allen Institute for Immunology and UC San Diego.

The new findings add to the growing body of evidence that immune cells adapt to protect specific tissues. Reina-Campos thinks these "tissue-resident" immune cells may be key players in future cancer immunotherapies that target tumors in specific organs.

T cells on the move

Reina-Campos and his colleagues investigated the formation of TRM cells in the small intestine. The team harnessed a cutting-edge technology called spatial transcriptomics to track these cells in both human and mouse tissue samples.




Their work showed that the small intestine holds two types of TRM cells. These cells are split between the tiny, finger-like "villi" structures that line the small intestine or the "crypts" between the protruding villi.

The researchers found that progenitor-like TRM cells live closer to the crypts between the villi. On the other hand, differentiated TRM occupy more exposed regions at the top of the villi. "Differentiated immune cells are more exposed at the top of the villi, and that's where they have a better ability to protect you from infections," says Reina-Campos.

Meanwhile, a reserve population of progenitor-like TRM cells continues to lie low in the crypts. "These cells can replenish the pool of effector T cells, so the immune system keeps them as back-ups in the deeper parts of the tissue," adds Reina-Campos.

What keeps these populations organized and in check?

To spy on these important immune cells within their natural habitat, Reina-Campos and colleagues used a new technology -- called spatial transcriptomics -- to observe millions of messenger RNA molecules simultaneously at subcellular resolution.

"For the first time, we were able to capture the formation of immunological memory in space and time," says Reina-Campos.




Looking at small intestines after a viral infection, the scientists found that the gut releases chemical signals to instruct immune cells where to go and what to do. "This study offers a new resource for finding signals that position immune residents to strengthen our gut immunity," says Reina-Campos.

Checkmate for disease?

Reina-Campos credits his mentor, Goldrath, as well as Heeg's and Monell's expertise for making this study possible. As Reina-Campos explains, Heeg and Monell developed new computational approaches to make sense of the massive amounts of data captured through spatial transcriptomics.

"It's led to a breakthrough in our ability to look at hundreds to thousands of genes simultaneously in intact tissues," says Reina-Campos. "With this study, we've opened up a new path for discovery."

Reina-Campos compares the battle between immune cells and pathogens to a chess match.

"To be a chess grandmaster, you need to know not only about the pieces: the bishops, pawns, rooks, etc, but also how they move in concert on the chessboard," he says.

For a long time, scientists have studied the chess pieces -- by analyzing cells extracted from tissue -- but they haven't gotten a good look at the chess match itself. "We don't know as much about how the chessboard works -- and we know even less about the rules that apply to our chess pieces as they move across the board," says Reina-Campos.

The new study gives researchers a detailed look at how immune cells interact with each other and their cellular gameboard.

Reina-Campos says the new finding should guide future research into how immune cells develop and move through other organs with different tissue structures, such as the kidneys and lungs -- and how immune cells might fight tumors in these organs.
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New research uncovers exotic electron crystal in graphene | ScienceDaily
Researchers from the University of British Columbia, the University of Washington, and Johns Hopkins University have identified a new class of quantum states in a custom-engineered graphene structure. Published today in Nature, the study reports the discovery of topological electronic crystals in twisted bilayer-trilayer graphene, a system created by introducing a precise rotational twist between stacked two-dimensional materials.


						
"The starting point for this work is two flakes of graphene, which are made up of carbon atoms arranged in a honeycomb structure. The way electrons hop between the carbon atoms determines the electrical properties of the graphene, which ends up being superficially similar to more common conductors like copper," said Prof. Joshua Folk, a member of UBC's Physics and Astronomy Department and the Blusson Quantum Matter Institute (UBC Blusson QMI).

"The next step is to stack the two flakes together with a tiny twist between them. This generates a geometric interference effect known as a moire pattern: some regions of the stack have carbon atoms from the two flakes directly on top of each other, while other regions have the atoms offset," Folks said.

"When electrons hop through this moire pattern in the twisted stack, the electronic properties are totally changed. For example, the electrons slow way down, and sometimes they develop a twist in their motion, like the vortex in the water at the drain of a bathtub as it is draining out."

The breakthrough discovery reported in this study was observed by an undergraduate student, Ruiheng Su, from UBC, studying a twisted graphene sample prepared by Dr. Dacen Waters, a postdoctoral researcher in the lab of Prof. Matthew Yankowitz at the University of Washington. While working on the experiment in Folk's lab, Ruiheng discovered a unique configuration for the device where the electrons in the graphene froze into a perfectly ordered array, locked in place yet twirling in unison like ballet dancers gracefully performing stationary pirouettes. This synchronized rotation gives rise to a remarkable phenomenon where electric current flows effortlessly along the edges of the sample while the interior remains insulating because the electrons are immobilized.

Remarkably, the amount of current that flows along the edge is precisely determined by the ratio of two fundamental constants of nature -- Planck's constant and the charge of the electron. The precision of this value is guaranteed by a property of electron crystal known as topology, which describes the properties of objects that remain unchanged by modest deformations.

"Just as a donut cannot be smoothly deformed into a pretzel without first cutting it open, the circulating channel of electrons around the boundary 2D electron crystal remains undisturbed by disorder in its surrounding environment," said Yankowitz.




"This leads to a paradoxical behaviour of the topological electronic crystal not seen in conventional Wigner crystals of the past -- despite the crystal forming upon freezing electrons into an ordered array, it can nevertheless conduct electricity along its boundaries."

An everyday example of topology is the Mobius strip -- a simple yet mind-bending object. Imagine taking a strip of paper, forming it into a loop, and taping the ends together. Now, take another strip, but before joining the ends, give it a single twist. The result is a Mobius strip, a surface with just one side and one edge. Amazingly, no matter how you try to manipulate the strip, you cannot untwist it back into a normal loop without tearing it apart.

The rotation of the electrons in the crystal is analogous to the twist in the Mobius strip, and leads to the remarkable characteristic of the topological electronic crystal never before seen in the rare cases where electron crystals have been observed in the past: edges where electrons flow without resistance, describe being locked in place within the crystal itself.

The topological electron crystal is not only fascinating from a conceptual point of view but also opens up new opportunities for advancements in quantum information. These include future attempts to couple the topological electron crystal with superconductivity, forming the foundation of qubits for topological quantum computers.
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Float like a jellyfish: New coral mobility mechanisms uncovered | ScienceDaily
When it comes time to migrate, QUT research has found how a free-living coral ignores the classic advice and goes straight towards the light.


						
The research -- led by Dr Brett Lewis from the QUT School of Atmospheric and Earth Sciences and Reef Restoration and Adaptation Program, and published in PLOS One -- investigated how the free-living mushroom coral Cycloseris cyclolites moves, navigates and responds to light in its natural environments.

"Not all corals are attached to the substrate; some are solitary and free-living, allowing them to migrate into preferred habitats," Dr Lewis said.

"However, the lifestyle of these mobile corals, including how they move and navigate for migration, remains largely obscure."

Cycloseris cyclolites is an adorably small free-living species of mushroom coral capable of migrating to different reef habitats, often driven by the search for optimal light conditions.

Using high-resolution time-lapse imaging, the team identified that Cycloseris cyclolites was able to move via a mechanism known as pulsed inflation, a process where the coral inflates and deflates its tissue in rhythmic bursts to propel itself forward, like the movement seen in jellyfish.

The mechanism appears to be a widespread strategy for free-living corals, aiding in functions such as self-righting when turned upside down, sediment rejection when buried during storms and now phototaxis -- behaviours that help the coral survive in complex environments.




"Our findings suggest that pulsed inflation is not just a survival strategy but a critical mechanism for migration and navigation," Dr Lewis said.

"The ability of Cycloseris cyclolites to move towards specific light sources is a fascinating parallel to other marine species like jellyfish, which suggests they are more neurologically sophisticated than previously thought."

Cycloseris cyclolites was also shown to exhibit a strong preference for blue light, with 86.7 per cent of the corals moving towards blue light sources, compared to just 20 per cent for white light.

The ability of these migratory mushroom corals to distinguish between different wavelengths of light aligns with their preference for deeper water habitats, where blue wavelengths dominate, and could be crucial for their migration to optimal depths for survival, reproduction and dispersal.

Providing new insights into coral mobility mechanisms, the findings show just how closely related these corals are to jellyfish mechanisms which have been previously researched as a key point in the evolution of the centralised nervous system humans possess today.

"The findings also have important ecological implications," Dr Lewis said.

"Understanding their movement strategies could help scientists predict how migratory corals might resist, survive or adapt to changes in environmental conditions such as sea surface changes caused by climate change, which can be reduced by the deeper waters these corals migrate to.

"With these climate-driven factors increasing, the faster the migration, the higher the chance of survival."
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Exposure to stress during early pregnancy affects offspring into adulthood | ScienceDaily
Maternal stress hormone levels during early pregnancy can have a lasting effect on the stress system of the offspring. The results of a long-term study on wild Assamese macaques in Thailand indicate that maternal stress in the first half of pregnancy is particularly relevant. Elevated stress hormones later during pregnancy or after birth did not have the same effects. The long-term study conducted by the University of Gottingen and the German Primate Center -- Leibniz Institute for Primate Research provides important insights into the influence of early life stages on the development of the stress system under natural environmental conditions.


						
Influence of very early life stages

The research team investigated how maternal stress affects the stress hormone system of the offspring. They found that the activation of the hypothalamic-pituitary-adrenal (HPA) axis, which plays a central role in coping with stress, can be significantly influenced by exposure to maternal glucocorticoids during development. The early phase of organ differentiation in the first half of pregnancy proved to be a particularly critical period. "Our results show that the HPA-axis activity of offspring was enhanced, the more adversity the other had experienced during early pregnancy -- which could be food shortages or social conflicts for example," says Simone Anza, former doctoral student at the University of Gottingen and the German Primate Center and first author of the study.

Investigation in the wild

In contrast to studies in the laboratory, the monkeys were observed in their natural habitat. Over a period of nine years, the researchers repeatedly collected fecal samples from pregnant females and measured the concentration of glucocorticoid metabolites in them in order to determine the animals' exposure to environmental factors such as food scarcity, temperature fluctuations and social interactions. These values were compared with the stress hormone levels of the offspring at different ages. The effects on the stress axis of the offspring were evident from infancy through the juvenile period and into adulthood at nine to ten years of age. Previous analyses from the same study had already shown that early prenatal stress was also associated with altered growth, negative changes in the gut microbiome and impaired immune function, underlining the comprehensive influence of the environment in the early prenatal period on various physiological systems. In contrast, maternal glucocorticoid levels in late pregnancy or during lactation had no or different influences.

Relevance for health research

"Our research results indicate that the timing of maternal stress hormone exposure during and after pregnancy crucially affects the consequences for the development and health of the offspring. It is also important to note that these effects do not require catastrophic events, but that even moderate changes in environmental conditions are sufficient," says Oliver Schulke, scientist at the University of Gottingen and the German Primate Center and head of the study. Stress in early pregnancy can also have a long-term effect on health in humans and increase the risk of stress disorders and immune problems. "Our findings may help to identify the timing and mechanisms that preventive measures should address in order to reduce long-term health risks," says Oliver Schulke.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250122130203.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Drug candidate eliminates breast cancer tumors in mice in a single dose | ScienceDaily
Despite significant therapeutic advances, breast cancer remains a leading cause of cancer-related death in women. Treatment typically involves surgery and follow-up hormone therapy, but late effects of these treatments include osteoporosis, sexual dysfunction and blood clots. Now, researchers reporting in ACS Central Science have created a novel treatment that eliminated small breast tumors and significantly shrank large tumors in mice in a single dose, without problematic side effects.


						
Most breast cancers are estrogen receptor positive (ER+), and treatment typically involves several years of hormone therapy. Although these drugs are better tolerated than chemotherapy, they still have side effects that diminish quality of life and can leave people at risk for cancer recurrence and treatment resistance. Thus, there is a need for cancer drugs that kill tumor cells selectively and aggressively, while limiting side effects.

To address this challenge, Paul Hergenrother and colleagues previously developed a small molecule called ErSO. This compound kills ER+ breast cancer cells but results in undesirable side effects. In 2022, the researchers synthesized a series of small molecules similar to ErSO. That prior study demonstrated that these derivatives have higher potency, greater selectivity for ER+ cancer cells and better pharmacological properties than the original compound.

Now, in the latest study, the researchers further evaluated one derivative, ErSO-TFPy, and found that it:
    	Effectively killed multiple human ER+ breast cancer cell lines in culture.
    	Was well tolerated, with no obvious deleterious effects, by multiple species (mice, rats and beagles).
    	Shrank transplanted human breast tumors of various genetic backgrounds in mice.

In a dosing experiment, the researchers noted that a single dose of ErSO-TFPy in mice induced complete or near-complete regression of small or large tumors, respectively, that had grown in the animals. Other drugs require long-term dosing, but the researchers suggest that a lone dose of ErSO-TFPy and therefore minimal circulation in the body could help reduce the risk of side effects and late effects. They acknowledge the need for more testing to confirm drug safety and efficacy, but they suggest if these results translate to human patients, ErSO-TFPy could be transformative for ER+ breast cancer treatment.

"It is very rare for a compound to shrink tumors in mouse models of breast cancer, let alone completely eradicate those tumors with a single dose, so we are eager for ErSO-TFPy to advance for treatment of breast cancer," says Hergenrother.

The authors acknowledge funding from the National Cancer Institute at the National Institutes of Health and the Cancer Center at Illinois. 




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250122130055.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Fossil discovery in the Geiseltal Collection: Researchers identify unique bird skull | ScienceDaily
Around 45 million years ago, a 4.6 feet-tall (1.40 metres) flightless bird called Diatryma roamed the Geiseltal region in southern Saxony-Anhalt. An international team of researchers led by the Martin Luther University Halle-Wittenberg (MLU) and the Senckenberg Research Institute and Natural History Museum in Frankfurt report on the bird's fully preserved skull in the scientific journal Palaeontologia Electronica. The fossil was unearthed in the 1950s in a former lignite mining area in the Geiseltal in Germany. It was initially misclassified and thus led a shadowy existence until its rediscovery. The only other place that a similar skull fossil has been found is the USA.


						
The Geiseltal Saxony-Anhalt is located south-west of Halle and was a lignite mining area until 1993. Numerous exceptionally well-preserved animal fossils have been unearthed here. The Geiseltal Collection at MLU comprises 50,000 fossils and is considered a national heritage asset. These fossils offer unique insights into the evolution of animals and the Eocene Epoch around 45 million years ago. At that time, the Geiseltal was a warm, tropical swamp. Ancient horses, early tapirs, large land crocodiles as well as giant tortoises, lizards and numerous birds lived here. Some of the latter were flightless and the largest of these was Diatryma, a herbivore with a gigantic beak which stood around 4.6 feet high.

For many years no one knew that an almost completely preserved skull of Diatryma was part of the collection. "The find was initially misidentified as a crocodile skull," says Michael Stache, a geological preparator at MLU's Central Repository of Natural Science Collections. Stache came across the fossil again by chance several years ago. He realised the mistake and got down to work, restoring and then analysing the piece of skull. He combined the fossil with another object from the collection, reconstructing an almost entire skull. Dr Gerald Mayr, a researcher at the Senckenberg Institute, examined the find more closely and realised its importance: the skull clearly belonged to a Diatryma. Only one other fully preserved skull is known to exist in the world and is housed in the American Museum of Natural History in the USA.

"This shows once again that many of the most interesting discoveries in palaeontology occur in museum collections. Just a few years ago, nobody would have thought that the Geiseltal Collection would contain such surprises," says Gerald Mayr. Michael Stache also reports that there is great scientific interest in the fossils. Researchers from Germany and abroad come to MLU on a regular basis to investigate the objects. "This research expands our understanding of the Eocene Epoch in the Geiseltal even though the excavations were completed long ago," says Michael Stache. Up until ten years ago, for example, it was assumed that Diatryma hunted prehistoric horses in the Geiseltal. More recent investigations have found that the bird was, in fact, a herbivore.

There are around 40 specimens of the bird in the Geiseltal Collection. "Diatryma was probably a rare guest in the Geisetal. Otherwise, there would probably be more fossils," concludes Stache.
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Researchers make breakthrough in bioprinting functional human heart tissue | ScienceDaily
Researchers at University of Galway have developed a way of bioprinting tissues that change shape as a result of cell-generated forces, in the same way that it happens in biological tissues during organ development.


						
The breakthrough science focused on replicating heart tissues, bringing research closer to generating functional, bioprinted organs, which would have broad applications in disease modelling, drug screening and regenerative medicine.

The research was led by a team at the School of Engineering and CURAM Research Ireland Centre for Medical Devices at University of Galway and has been published in the journal Advanced Functional Materials.

Bioprinting technology uses living cells within specialised "bioink" materials -- a substance or material which can support living cells, and due to its characteristics, it can aid cell adhesion, proliferation and differentiation during maturation. The technology offers immense promise for creating lab-grown organs that closely resemble the structure of their human equivalent.

However, bioprinting fully functional organs remains a significant hurdle. For instance, while bioprinted heart tissues can contract, their force of contraction is often considerably weaker than that of a healthy adult heart.

Traditional bioprinting methods often aim to directly recreate the final anatomical shape of an organ, like the heart -- therefore overlooking the crucial role of dynamic shape changes during natural embryonic development. For example, the heart begins as a simple tube that undergoes a series of bends and twists to form its mature four-chambered structure. These shape-morphing behaviours are essential for sculpting heart cell development and maturation.

The University of Galway research team recognised this and developed a novel bioprinting technique that incorporates crucial shape-changing behaviours.




Ankita Pramanick, lead author of the study and CURAM PhD Candidate at University of Galway, said: "Our work introduces a novel platform, using embedded bioprinting to bioprint tissues that undergo programmable and predictable 4D shape-morphing driven by cell-generated forces. Using this new process, we found that shape-morphing improved the structural and functional maturity of bioprinted heart tissues."

The research showed that cell-generated forces could guide the shape-morphing of bioprinted tissues, and it was possible to control the magnitude of the shape changes by modifying factors such as the initial print geometry and bioink stiffness. Morphing was found to sculpt cell alignment and enhance the contractile properties of the tissues. The research team also developed a computational model that could predict tissue shape-morphing behaviour.

Professor Andrew Daly, Associate Professor in Biomedical Engineering and CURAM funded investigator and principal investigator on the project, said: "Our research shows that by allowing bioprinted heart tissues to undergo shape-morphing, they start to beat stronger and faster. The limited maturity of bioprinted tissues has been a major challenge in the field, so this was an exciting result for us. This allows us to create more advanced bioprinted heart tissue, with the ability to mature in a laboratory setting, better replicating adult human heart structure. We are excited to build on this shape-morphing approach in our ongoing European Research Council project, which is focused on developmentally-inspired bioprinting.

"We are still a long way away from bioprinting functional tissue that could be implanted in humans, and future work will need to explore how we can scale our bioprinting approach to human-scale hearts.

"We will need to integrate blood vessels to keep such large constructs alive in the lab, but ultimately, this breakthrough brings us closer to generating functional bioprinted organs, which would have broad applications in cardiovascular medicine."
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Fighting experience plays key role in brain chemical's control of male aggression | ScienceDaily
Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.


						
Dopamine has been linked to male aggression for decades. How past experiences might influence this relationship, however, had until now been unclear.

In experiments in rodents, a team led by researchers at NYU Langone Health boosted activity in dopamine-releasing cells in a part of the brain called the ventral tegmental area. The findings revealed that in inexperienced male fighters, this led the animals to attack for twice as long as they would have fought naturally. When the cells were blocked, the novice mice would not fight at all.

By contrast, this pattern did not hold true in males that had extensive fighting experience. Whether or not dopamine-releasing cells were boosted or blocked, the duration of attack did not change. Notably, though, the more clashes a mouse won, the more fights it would start in the future.

"Our findings offer new insight into how both 'nature' and 'nurture' shape aggression in males," said study senior author Dayu Lin, PhD. "While aggression is an innate behavior, dopamine -- and fighting experience -- is essential for its maturation during adulthood," added Lin, a professor in the Departments of Psychiatry and of Neuroscience at NYU Grossman School of Medicine.

A report on the findings is publishing online Jan. 22 in the journal Nature.

Building on their evidence for the role of dopamine in learning aggression, authors set out to better understand the brain mechanisms that might explain it. To do this, the team prevented cells in the ventral tegmental area of the brain from releasing dopamine into another region called the lateral septum, a site known to regulate aggression. They found that novice males would never learn to fight, but those with previous fighting experience would continue to engage in aggressive behavior. Similarly, promoting dopamine release in this area of the brain boosted hostility in rookies but had no effect on veterans.




This suggests that the lateral septum is a key brain site for dopamine to promote "aggression learning" in rodents and likely in other mammals, including people, says Lin, who is also a member of NYU Grossman School of Medicine's Institute for Translational Neuroscience.

The team also measured dopamine release in the lateral septum as the animals gained fighting experience. They found that the chemical surges the most on the day they first decide to attack. As the mouse becomes more experienced with fighting, this dopamine spike becomes less dramatic, supporting a central role of the chemical in initial aggression learning.

Importantly, the researchers also found that dopamine did not appear to play a similar role in female aggression. In fact, manipulating dopamine levels did not affect aggressive behaviors in female mice in any way.

According to Lin, the results may offer new insight into addressing mental health conditions marked by intense shifts in mood and behavior, such as schizophrenia, bipolar disorder, and borderline personality disorder. Antipsychotic drugs that interfere with dopamine release are commonly used to treat such diseases, as well as to suppress violent behavior in psychiatric patients.

"Our results suggest that targeting dopamine may not be an effective tool when treating those with a long history of aggression," said Lin. "As a result, healthcare providers may need to consider a patient's history, as well as their age and sex, when considering which therapy to use."

Lin adds that the results may also explain why antipsychotic drugs are known to have a stronger and longer-lasting effect in children than in adults, for whom aggression often returns once they stop receiving medication.

That said, Lin cautions that while mice share similar brain chemistry with people and that the current findings echo human clinical results, more research will be needed to demonstrate the impact of past behavior on the effectiveness of antipsychotic medications in humans.

Funding for the study was provided by National Institutes of Health grants R01MH101377, R01MH124927, U19NS107616, U01NS11335, U01NS12082, P30DA048736, and R01MH133669. Further study funding was provided by the Vulnerable Brain Project.

In addition to Lin, other NYU Langone researchers involved in the study are Bingqin Zheng, MS; Xiuzhi Dai; Xiaoyang Cui, BS; Luping Yin, PhD; Jing Cai, PhD; and Nicolas Tritsch, PhD. Other study investigators include Yizhou Zhuo, PhD, and Yulong Li, PhD, at the Peking University School of Life Sciences in Beijing; and Larry Zweifel, PhD, at the University of Washington in Seattle. Bing Dai, PhD, a former graduate student at NYU Langone and a current postdoctoral associate at the Massachusetts Institute of Technology in Cambridge, served as the study lead author.
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AI in cell research: Moscot reveals cell dynamics in unprecedented detail | ScienceDaily
Thanks to a new technology called Moscot ("Multi-Omics Single-Cell Optimal Transport"), researchers can now observe millions of cells simultaneously as they develop into a new organ -- for example, a pancreas. This groundbreaking method was developed by an international research team led by Helmholtz Munich and has been published in the renowned journal Nature.


						
Until now, biologists had only a limited understanding of how cells develop in their natural environment -- for instance, when they form an organ in the embryo. "Existing methods provided only snapshots of a few cells or could not link the dynamic processes in space and time," explains Dominik Klein, one of the lead authors of the study, a PhD candidate at the Institute of Computational Biology at Helmholtz Munich, and a researcher at the Technical University of Munich (TUM). "This has greatly limited our understanding of the complex interactions during organ development and in disease processes."

Moscot Maps Cell Development in Entire Organs and Organisms

Together with an interdisciplinary team led by Giovanni Palla (Helmholtz Munich), Marius Lange (ETH Zurich), Michal Klein (Apple), and Zoe Piran (Hebrew University of Jerusalem), Dominik Klein developed Moscot. The team drew on a theory developed in the 18th century: the theory of optimal transport, which describes how objects can move most efficiently from one place to another to minimize time, energy, or cost. The application of optimal transport to two populations of cells had previously been limited by the size of biomedical datasets. This obstacle has now been overcome thanks to advances in artificial intelligence, significantly influenced by co-author Marco Cuturi (Apple). "We have adapted our mathematical models to accurately represent the molecular information and position of cells in the body during their development. The theory of optimal transport helps us understand how cells move, change, and transition from one state to another," says Klein. This now makes it possible to observe millions of cells simultaneously -- with an accuracy that was previously unimaginable.

Moscot enables the multimodal mapping of single cells in spatial tissues and plays a crucial role in dynamic biological processes. It connects millions of cells over time, linking changes in gene expression to cellular decisions. The implementation of Moscot aims to analyze enormous datasets using complex algorithms while providing an intuitive interface for biologists. Additionally, Moscot precisely and simultaneously captures the molecular state of a large number of cells and describes their development in space and time. This makes it possible for the first time to track and better understand complex cellular processes within entire living organs and organisms.

New Insights into Pancreas and Diabetes Research 

Moscot's application has provided new insights in pancreas research: the team succeeded in mapping the development of hormone-producing cells in the pancreas based on multimodal measurements. Based on these findings, scientists can now analyze the underlying mechanisms of diabetes in detail. "This new perspective on cellular processes opens up opportunities for targeted therapies that address the root causes of diseases rather than merely treating symptoms," says Prof. Heiko Lickert, who heads the Institute of Diabetes and Regeneration Research at Helmholtz Munich and is co-last author of the study together with Prof. Fabian Theis.




A Turning Point in Medical Research

Fabian Theis, Director at the Institute of Computational Biology at Helmholtz Munich and TUM professor, emphasizes the significance of Moscot for biomedical research: "Moscot is changing the way we understand and use biological data. It enables us not only to capture the dynamics of cell development in unprecedented detail but also to make precise predictions about the progression of diseases, aiming to develop personalized therapy approaches."

For Theis, Moscot is a prime example of interdisciplinary collaboration: "The successful combination of mathematics and biology in this project impressively demonstrates how crucial collaboration between different disciplines is for achieving true scientific breakthroughs. Thanks to close cooperation with the team led by Heiko Lickert from the Helmholtz Diabetes Center, we were able to validate Moscot's predictions through laboratory experiments."

Learn more: moscot-tools.org
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Final synthetic yeast chromosome unlocks new era in biotechnology | ScienceDaily
Macquarie University researchers have worked with an international team of scientists to achieve a major milestone in synthetic biology by completing the creation of the final chromosome in the world's first synthetic yeast genome.


						
This achievement represents the completion of the global Sc2.0 project to create the world's first synthetic eukaryotic genome from Saccharomyces cerevisiae (baker's yeast) and a new-to-nature tRNA neochromosome.

Using cutting-edge genome-editing techniques, including the CRISPR D-BUGS protocol, the team identified and corrected genetic errors that impacted yeast growth. These changes restored the strain's ability to grow on glycerol, a key carbon source, under elevated temperatures.

The breakthrough, published this week in Nature Communications, demonstrates how engineered chromosomes can be designed, built and debugged to create more resilient organisms that could help secure supply chains for food and medicine production in the face of climate change and future pandemics.

"This is a landmark moment in synthetic biology," says Professor Sakkie Pretorius, Co-Chief Investigator and Deputy Vice Chancellor (Research) of Macquarie University.

"It is the final piece of a puzzle that has occupied synthetic biology researchers for many years now."

Distinguished Professor Ian Paulsen, Director of the ARC Centre of Excellence in Synthetic Biology, who co-led the project, says: "By successfully constructing and debugging the final synthetic chromosome, we've helped complete a powerful platform for engineering biology that could revolutionise how we produce medicines, sustainable materials and other vital resources."

The research team used specialised gene editing tools to identify and fix problems in the synthetic chromosome affecting how well the yeast could reproduce and grow under challenging conditions.




They discovered that the placement of genetic markers near uncertain gene regions accidentally interfered with how essential genes were turned on and off, particularly affecting crucial processes like copper metabolism and how cells divide their genetic material.

"One of our key findings was how the positioning of genetic markers could disrupt the expression of essential genes," says co-lead author Dr Hugh Goold, research scientist at The NSW Department of Primary Industries and Honorary Postdoctoral Research Fellow from Macquarie University's School of Natural Sciences.

"This discovery has important implications for future genome engineering projects, helping establish design principles that can be applied to other organisms."

The completion of the chromosome known as synXVI allows scientists to explore new possibilities in metabolic engineering and strain optimisation. The synthetic chromosome includes features that enable researchers to generate genetic diversity on demand, accelerating the development of yeasts with enhanced capabilities for biotechnology applications.

"The synthetic yeast genome represents a quantum leap in our ability to engineer biology," says Dr Briardo Llorente, Chief Scientific Officer at the Australian Genome Foundry.

The construction of such a large synthetic chromosome was only possible using the robotic instrumentation in the Australian Genome Foundry.




"This achievement opens up exciting possibilities for developing more efficient and sustainable biomanufacturing processes, from producing pharmaceuticals to creating new materials," says Dr Llorente.

The research provides valuable insights for future synthetic biology projects, including potential applications in engineering plant and mammalian genomes. The team's new design principles for synthetic chromosomes to avoid placing potentially disruptive genetic elements near important genes will help other researchers working on synthetic chromosomes.

Macquarie University is responsible for more than 12 per cent of the entire Sc 2.0 project, and this contribution was supported by the NSW Government's Department of Primary Industries, the Australian Research Council Centre of Excellence in Synthetic Biology, and external grants from Bioplatforms Australia and the NSW Chief Scientist and Engineer.
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Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state | ScienceDaily
A team led by researchers at Georgia State University has identified a novel group of neurons controlling the brain-heart-gut axis which can be activated to induce a hypometabolic state that resembles hibernation. The discovery could have wide-ranging impacts for scientific fields ranging from obesity to cardiometabolic health, and even space travel.


						
The new study is published in the journal Nature Metabolism.

Lead author Eric Krause is a professor of neuroscience, a Georgia Research Alliance (GRA) Distinguished Investigator at Georgia State University and a core member of the Center for Neuroinflammation and Cardiometabolic Disease (CNCD). Krause worked with researchers from the University of Florida and the Monell Chemical Senses Center in Philadelphia.

"We identified this population of neurons located near the base of the skull that relay the sensation of mechanical stretch exerted on the gut and heart to the brain. When these neurons are activated, they seem to recreate the sensation of feeling full or having increased blood pressure," Krause said. "We found that activating these neurons suppresses eating and lowers blood pressure, heart rate and whole-body metabolism."

During the research, the team discovered that simultaneous, recurrent firing of these neurons in mice produces a torpor-like state, similar to that of animals in hibernation, characterized by reductions in cardiac output, body temperature and energy expenditure.

"We found that repeated excitation of the neurons decreased body mass and produced a hypometabolic state without inducing anxiety-like behaviors that are often observed with chronic stress," Krause said. "This is changing what we know about body-to-brain communication and how profoundly it affects physiology and behavior."

The researchers were able to activate the population of neurons through a process known as chemogenetic excitation. Utilizing animal models to manipulate oxytocin signaling in the vagal sensory neurons, the team was able to assess impacts on various sensory function.




Oxytocin is commonly known as the love hormone and regulates how we respond to other people. Krause said the findings indicate that oxytocin may act on these neurons to also rule how we feel about ourselves, similar to what we think of as "gut feelings" or "heartache."

Krause said activating these neurons could be leveraged therapeutically to achieve weight loss without prolonged hypometabolism or stress side effects.

Researchers also believe this discovery could be a step toward developing treatments for cardiometabolic disease and extending longevity. Torpor is also being explored for applications ranging from biomedical therapeutics to slowing the metabolic rate of astronauts to enable long-duration space travel.

Guillaume de Lartigue is a co-author on the study and a researcher with the Monell Chemical Senses Center. He called this discovery an exciting step toward unlocking the therapeutic potential of the vagus nerve.

"We've tapped into the body's own energy-saving toolkit. By activating these neurons, we can trigger an ancient survival mechanism present in mammals," de Lartigue said. "If we can control the body's on/off switch for energy use, the implications for human health are extraordinary."

Annette de Kloet, an associate professor of neuroscience and part of the Georgia State research team, said the research highlights a novel approach to decreasing food intake, body weight and blood pressure without negative anxiogenic consequences.

"This discovery may lead to novel approaches that take advantage of body-brain communication to alleviate stress-induced cardiometabolic diseases, like obesity and hypertension," de Kloet said.

The research team has recently been awarded an additional $3.4 million grant from the National Institutes of Health to continue its work.

"Our GRA Distinguished Investigators are recognized for their exceptional vision and expertise," said Donald Hamelberg, interim vice president for research and economic development at Georgia State. "This latest breakthrough highlights the research excellence these scholars contribute to our university and to society."
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Reimagining chain mail | ScienceDaily
Experiments from the Caltech lab of Chiara Daraio, G. Bradford Jones Professor of Mechanical Engineering and Applied Physics and Heritage Medical Research Institute Investigator, have yielded a fascinating new type of matter, neither granular nor crystalline, that responds to some stresses as a fluid would and to others like a solid. The new material, known as PAM (for polycatenated architected materials) could have uses in areas ranging from helmets and other protective gear to biomedical devices and robotics.


						
PAMs are not found in nature, though their basic form is known to us through the millennia-old manufacture of chain mail: small metal rings linked together to form a mesh, most often used as a flexible form of armor. PAMs, however, are like chain mail on steroids. Following the basic principle of interlocking shapes, like those found in a chain, PAMs are made up of a variety of shapes linked together to form three-dimensional patterns whose configurations are almost unimaginably variable. The resulting materials, which Daraio and her colleagues have rendered using 3D printers, exhibit behaviors not found in other types of materials.

Wenjie Zhou, postdoctoral scholar research associate in mechanical and civil engineering, has been working on these types of materials for two years in Daraio's lab. "I was a chemist, and I wanted to make these structures at a molecular scale, but that proved too challenging. In order to get answers to the questions I had about how these structures behave, I decided to join Chiara's group and study PAMs at a larger scale."

The PAMs that Daraio's group created and studied were first modeled on a computer and were designed to replicate lattice structures found in crystalline substances but with the crystal's fixed particles replaced by entangled rings or cages with multiple sides.

These lattices were then printed out three-dimensionally using a variety of materials, including acrylic polymers, nylon, and metals. Once the PAMs could be held in the palm of one's hand--most of the prototypes are 5-centimeter (2-inch) cubes or spheres with a 5-centimeter diameter--they were exposed to various types of physical stress. "We started with compression," Zhou explains, "compressing the objects a bit harder each time. Then we tried a simple shear, a lateral force, like what you would apply if you were trying to tear the material apart. Finally, we did rheology tests, seeing how the materials responded to twisting, first slowly and then more quickly and strongly."

In some scenarios, these PAMs behaved like liquids. "Imagine applying a shear stress to water," Zhou says. "There would be zero resistance. Because PAMs have all these coordinated degrees of freedom, with the rings and cages they are composed of sliding against one another as the links of a chain would, many have very little shear resistance." But when these structures are compressed, they may become fully rigid, behaving like solids.

This dynamism makes PAMs unique. "PAMs are really a new type of matter," Daraio says. "We all have a clear distinction in mind when we think of solid materials and granular matter. Solid materials are often described as crystalline lattices. This is what you see in the classic ball-and-stick models of atomic, chemical, or larger crystalline structures. It is these materials that have formed our conventional understanding of solid matter. The other class of materials is granular, as we see in substances like rice, flour, or ground coffee. These materials are made up of discrete particles, free to move and slide relative to one another."

PAMs defy this binary classification. "With PAMs, the individual particles are linked as they are in crystalline structures, and yet, because these particles are free to move relative to one another, they flow, they slide on top of each other, and they change their relative positions, more like grains of sand," Daraio explains. "PAMs can be very different from one another. You can print them in squishy materials or hard ones. You can change the shape of each particle, and you can change the lattice that you use to connect these particles. Each of these parameters affects the behavior of the resulting material. But all of them show a characteristic transition between fluid and solid-like behavior. This transition may happen under different circumstances, but it always happens."




"Architected materials have been a significant subfield in material science and engineering for the past 20 to 30 years," Daraio says. "But as hybrids between granular materials and elastic deformable materials, PAMs are exciting and new. We have theories to describe granular matter and theories to describe elastic deformable matter, but nothing that captures these in-between materials. It's a fascinating frontier that promises to redefine what materials are and how they behave."

At this point, potential uses for PAMs are largely speculative but nevertheless intriguing, Daraio says: "These materials have unique energy-absorption properties. Because each element can slide and rotate and reorganize relative to each other, they can dissipate energy very efficiently," making them better candidates for use in helmets or other forms of protective gear than the currently used foams. This property makes them similarly attractive for use in packaging or in any environment where cushioning or stabilization is required.

Experiments with microscale PAMs have shown that they will expand or contract in response to applied electrical charges as well as physical forces, suggesting possible uses in biomedical devices or soft robotics.

Co-author Liuchi Li (PhD '20), now assistant professor of civil and environmental engineering at Princeton University, is enthusiastic about the future of PAMs: "We can envision incorporating advanced artificial intelligence techniques to accelerate the exploration of this vast design space. We are only scratching the surface of what is possible."

This research is published in Science under the title "3D polycatenated architected materials." Co-authors include Zhou, Daraio, Sujeeka Nadarajah, Hujie Yan (MS '24), Aashutosh K. Prachet, and Payal Patel of Caltech; Li of Princeton University; and Anna Guell Izard and Xiaoxing Xia (PhD '19) of Lawrence Livermore National Laboratory (LLNL). Computational resources were provided by the High-Performance Computing Center at Caltech, and the research was funded by the Army Research Office, the Gary Clinard Innovation Fund, LLNL, and the US Department of Energy.
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Extreme climate pushed thousands of lakes in West Greenland 'across a tipping point,' study finds | ScienceDaily
West Greenland is home to tens of thousands of blue lakes that provide residents drinking water and sequester carbon from the atmosphere. Yet after two months of record heat and precipitation in fall 2022, an estimated 7,500 lakes turned brown, began emitting carbon and decreased in water quality, according to a new study.


						
Led by Fulbright Distinguished Arctic Scholar and University of Maine Climate Change Institute Associate Director Jasmine Saros, a team of researchers found that the combination of extreme climate events in fall 2022 caused ecological change that "pushed Arctic lakes across a tipping point," they wrote in a paper published in the the Proceedings of the National Academy of Sciences?(PNAS). By July 2023, less than one year later, the physical, chemical and biological properties of these lakes were altered, a widespread transformation that typically occurs over hundreds of years, Saros said. Their results were shared with nearby communities.

Greenland normally experiences snow in the fall, but the spike in temperatures caused the precipitation to fall as rain instead, according to the study. The heat also caused permafrost -- frozen soil that stores a significant amount of organic carbon -- to thaw, releasing an abundance of carbon, iron, magnesium and other elements. As rain fell in record amounts, it washed these newly exposed metals and carbon from soil into lakes across Greenland's western region, turning them brown.

Saros, also a professor of paleolimnology and lake ecology with UMaine's School of Biology and Ecology, said the rapid alteration in West Greenland's lakes contrasts with the slow, multi-decade-long browning experienced in lakes across the Northern Hemisphere, including those in Maine.

"The magnitude of this and the rate of change were unprecedented," Saros said.

The influx of dissolved organic carbon and nutrients from the permafrost can promote bacteria growth and produce an undesirable taste and odor in the water, in addition to altering color, Saros said. Increased exposure to metals released from permafrost can also cause health problems. By identifying the type and quantity of organic and inorganic materials entering the lakes following the climate extreme events, residents in the surrounding area can better evaluate how to treat their water.

"The increased dissolved organic material can interact with drinking water treatment processes to produce chlorination byproducts called trihalomethanes, which may be carcinogenic," Saros said.




With altered physical and chemical properties, the lakes became more opaque and less light was able to penetrate their surface. The reduction in light decreased the biodiversity of plankton, which had significant ramifications for the region's carbon cycle. Researchers found a decrease in phytoplankton that absorb carbon dioxide from the atmosphere through photosynthesis, and an increase in plankton that break down and release carbon. Instead of sequestering carbon dioxide in the summer, the lakes have become a source of it, with a 350% increase in the flux of this greenhouse gas from them.

"The likely explanation is that so much organic carbon mobilized from the landscape into the surface water, and the organic carbon was available for aquatic organisms to use," Saros said. "Because the lakes turned so brown, it reduced the light coming into the system, which tends to favor organisms that use organic carbon pathways instead of photosynthesis."

Researchers concluded that the rise in heat and precipitation was caused by several atmospheric rivers. According to the National Oceanic and Atmospheric Administration (NOAA), an atmospheric river is a long, narrow column of water vapor that produces intense rain or snow when it makes landfall. They affect much of the world, and existing climate models predict that by the end of the century, they will become 50-290% more frequent in Greenland, western North America, east Asia, western Europe and Antarctica.

Saros said additional research and monitoring could help determine how these lakes may recover, providing greater insight into lake dynamics in the region. Further studies can also help scientists examine browning lakes across the Northern Hemisphere, how they may recover and potential treatment and intervention.

"It was such an overwhelming climate force that drove all the lakes to respond in the same way," Saros said. "When it comes to recovery, will it be the same across lakes or different?"

The study was made possible through extensive data collection obtained through annual water sampling and remote sensors in the lakes that operate year-round.




"Our study demonstrates the power of long-term observation. I've been working in this area since 2013, and have worked on many projects here. But in the background, my colleagues and I have been trying to maintain a consistent data set of observations," Saros said. "That's how we were able to capture and quantify the effects of this extreme climate event."

In addition to Saros, UMaine Ph.D. students Vaclava "Vendy" Hazukova, Grayson Huston, Avery Lamb and Guillaume Bourdin co-authored the study.

Other co-authors include Sean Birkel, Maine state climate scientist and assistant professor with the Climate Change Institute and University of Maine Cooperative Extension; Robert Northington from Elizabethtown College in Pennsylvania; Ryan Pereira from Heriot-Watt University in Edinburgh, Binbin Jiang from Zhejiang University of Science and Technology in China; and Suzanne McGowan from the Netherlands Institute of Ecology. Saros said Binbin and Northington were former postdoctoral associates at UMaine.

"Many Ph.D. students were involved in this work, and were totally instrumental in this work," she said.
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Astronomers thought they understood fast radio bursts: A recent one calls that into question | ScienceDaily
Astronomer Calvin Leung was excited last summer to crunch data from a newly commissioned radio telescope to precisely pinpoint the origin of repeated bursts of intense radio waves -- so-called fast radio bursts (FRBs) -- emanating from somewhere in the northern constellation Ursa Minor.


						
Leung, a Miller Postdoctoral Fellowship recipient at the University of California, Berkeley, hopes eventually to understand the origins of these mysterious bursts and use them as probes to trace the large-scale structure of the universe, a key to its origin and evolution. He had written most of the computer code that allowed him and his colleagues to combine data from several telescopes to triangulate the position of a burst to within a hair's width at arm's length.

The excitement turned to perplexity when his collaborators on the Canadian Hydrogen Intensity Mapping Experiment (CHIME) turned optical telescopes on the spot and discovered that the source was in the distant outskirts of a long-dead elliptical galaxy that by all rights should not contain the kind of star thought to produce these bursts.

Instead of finding an expected "magnetar" -- a highly magnetized, spinning neutron star left over from the core collapse of a young, massive star -- "now the question was: How are you going to explain the presence of a magnetar inside this old, dead galaxy?" Leung said.

The young stellar remnants that theorists think produce these millisecond bursts of radio waves should have disappeared long ago in the 11.3-billion-year-old galaxy, located 2 billion light years from Earth and weighing more than 100 billion times the mass of the sun.

"This is not only the first FRB to be found outside a dead galaxy, but compared to all other FRBs, it's also the farthest from the galaxy it's associated with. The FRB's location is surprising and raises questions about how such energetic events can occur in regions where no new stars are forming," said Vishwangi Shah, a doctoral student at McGill University in Montreal, Canada, who refined and extended Leung's initial calculations about the location of the burst, called FRB 20240209A.

Shah is the corresponding author of a study of the FRB published today (Tuesday, Jan. 21) in the Astrophysical Journal Letters along with a second paper by colleagues at Northwestern University in Evanston, Illinois. Leung, a co-author of both papers, is a lead developer of three companion telescopes -- so-called outriggers -- to the original CHIME radio array located near Penticton, British Columbia. He mentored Shah at McGill while Leung was a doctoral student at the Massachusetts Institute of Technology (MIT) and subsequently held an Einstein Postdoctoral Fellowship at UC Berkeley prior to his Miller fellowship.




New CHIME outrigger in California

A third outrigger radio array will go online this week at Hat Creek Observatory, a facility in Northern California formerly owned and operated by UC Berkeley and now managed by the SETI Institute in Mountain View. Together, the four arrays will immensely improve CHIME's ability to precisely locate FRBs.

"When paired with the three outriggers, we should be able to accurately pinpoint one FRB a day to its galaxy, which is substantial," Leung said. "That's 20 times better than CHIME, with two outrigger arrays."

With this new precision, optical telescopes can pivot to identify the type of star groups -- globular clusters, spiral galaxies -- that produce the bursts and hopefully identify the stellar source. Of the 5,000 or so sources detected to date -- over 95% of which were detected by CHIME -- few have been isolated to a specific galaxy, which has hindered efforts to confirm whether magnetars or any other type of star are the source.

As detailed in the new paper, Shah averaged many bursts from the repeating FRB to improve the pinpointing accuracy provided by the CHIME array and one outrigger array in British Columbia. After its discovery in February 2024, astronomers recorded 21 more bursts through July 31. Since the paper was submitted, Shion Andrew at MIT incorporated data from a second outrigger at the Green Bank Observatory in West Virginia to confirm Shah's published position with 20 times the precision.

"This result challenges existing theories that tie FRB origins to phenomena in star-forming galaxies," said Shah. "The source could be in a globular cluster, a dense region of old, dead stars outside the galaxy. If confirmed, it would make FRB 20240209A only the second FRB linked to a globular cluster."

She noted, however, that the other FRB originating in a globular cluster was associated with a live galaxy, not an old elliptical in which star formation ceased billions of years ago.




"It's clear that there's still a lot of exciting discovery space when it comes to FRBs and that their environments could hold the key to unlocking their secrets," said Tarraneh Eftekhari, who has an Einstein Postdoctoral Fellowship at Northwestern and first author of the second paper.

"CHIME and its outrigger telescopes will let us do astrometry at a level unmatched by the Hubble Space Telescope or the James Webb Space Telescope. It'll be up to them to drill down to find the source," Leung added. "It's an amazing radio telescope."

The studies were supported by Gordon and Betty Moore Foundation, NASA, the Space Telescope Science Institute, the National Science Foundation, the David and Lucile Packard Foundation, the Alfred P. Sloan Foundation, the Research Corporation for Science Advancement, the Canadian Institute for Advanced Research, the Natural Sciences and Engineering Council of Canada, the Canada Foundation for Innovation and the Trottier Space Institute at McGill.
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'Unprecedented' level of control allows person without use of limbs to operate virtual quadcopter | ScienceDaily
A brain-computer interface, surgically placed in a research participant with tetraplegia, paralysis in all four limbs, provided an unprecedented level of control over a virtual quadcopter -- just by thinking about moving his unresponsive fingers.


						
The technology divides the hand into three parts: the thumb and two pairs of fingers (index and middle, ring and small). Each part can move both vertically and horizontally. As the participant thinks about moving the three groups, at times simultaneously, the virtual quadcopter responds, maneuvering through a virtual obstacle course.

It's an exciting next step in providing those with paralysis the chance to enjoy games with friends while also demonstrating the potential for performing remote work.

"This is a greater degree of functionality than anything previously based on finger movements," said Matthew Willsey, U-M assistant professor of neurosurgery and biomedical engineering, and first author of a new research paper in Nature Medicine. The testing that produced the paper was conducted while Willsey was a researcher at Stanford University, where most of his collaborators are located.

While there are noninvasive approaches to allow enhanced video gaming such as using electroencephalography to take signals from the surface of the user's head, EEG signals combine contributions from large regions of the brain. The authors believe that to restore highly functional fine motor control, electrodes need to be placed closer to the neurons. The study notes a sixfold improvement in the user's quadcopter flight performance by reading signals directly from motor neurons vs. EEG.

To prepare the interface, patients undergo a surgical procedure in which electrodes are placed in the brain's motor cortex. The electrodes are wired to a pedestal that is anchored to the skull and exits the skin, which allows a connection to a computer.

"It takes the signals created in the motor cortex that occur simply when the participant tries to move their fingers and uses an artificial neural network to interpret what the intentions are to control virtual fingers in the simulation," Willsey said. "Then we send a signal to control a virtual quadcopter."

The research, conducted as part of the BrainGate2 clinical trials, focused on how these neural signals could be coupled with machine learning to provide new options for external device control for people with neurological injuries or disease. The participant first began working with the research team at Stanford in 2016, several years after a spinal cord injury left him unable to use his arms or legs. He was interested in contributing to the work and had a particular interest in flying.




"The quadcopter simulation was not an arbitrary choice, the research participant had a passion for flying," said Donald Avansino, co-author and computer scientist at Stanford University. "While also fulfilling the participant's desire for flight, the platform also showcased the control of multiple fingers."

Co-author Nishal Shah, incoming professor of electrical and computer engineering at Rice University, explained, "controlling fingers is a stepping stone; the ultimate goal is whole body movement restoration."

Jaimie Henderson, a Stanford professor of neurosurgery and co-author of the study, said the work's importance goes beyond games. It allows for human connection.

"People tend to focus on restoration of the sorts of functions that are basic necessities -- eating, dressing, mobility -- and those are all important," he said. "But oftentimes, other equally important aspects of life get short shrift, like recreation or connection with peers. People want to play games and interact with their friends."

A person who can connect with a computer and manipulate a virtual vehicle simply by thinking, he says, could eventually be capable of much more.

"Being able to move multiple virtual fingers with brain control, you can have multifactor control schemes for all kinds of things," Henderson said. "That could mean anything, from operating CAD software to composing music."

Researchers Nick Hahn, Ryan Jamiolkowski, Foram Kamdar and Francis Willett at Stanford and Leigh Hochberg at Brown University also contributed to the study.

CAUTION: Investigational Device. Limited by Federal law to investigational use.
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Cycle of coral bleaching on the Great Barrier Reef now at 'catastrophic' levels | ScienceDaily
A team of marine scientists from the University of Sydney has published the first peer-reviewed study documenting the devastating coral bleaching events that occurred on the southern Great Barrier Reef in early 2024.


						
Led by Professor Maria Byrne from the School of Life and Environmental Sciences, the research highlights the alarming impact of unprecedented marine heatwaves on coral ecosystems, raising urgent concerns for marine biodiversity and the communities that depend on these vital ecosystems.

The study, published in Limnology and Oceanography Letters, provides critical insights into the extent of coral bleaching and mortality during the 2023-2024 global marine heatwave. The research team meticulously tracked the health of 462 coral colonies at the University of Sydney's Great Barrier Reef research station at One Tree Island over a period of 161 days.

The results revealed that 66 percent of the colonies were bleached by February 2024 and 80 per cent by April. By July, 44 percent of the bleached colonies had died, with some coral genera, such as Acropora, experiencing a staggering 95 percent mortality rate.

Professor Byrne said: "Our findings underscore the urgent need for action to protect coral reefs, which are not only biodiversity hotspots but also crucial for food security and coastal protection. The southern Great Barrier Reef, despite its protected status, was not immune to the extreme heat stress that triggered this catastrophic bleaching event."

The research also highlights the complex interplay between heat stress, disease onset and coral mortality. Notably, Goniopora corals developed black band disease, contributing to the high mortality rates observed. The study emphasises that the rapid onset of bleaching and disease in corals previously considered resilient poses significant challenges for predicting the future composition of coral reef ecosystems in a warming world.

Professor Ana Vila Concejo, a co-author of the study from the School of Geosciences, said: "This research is a wake-up call for policymakers and conservationists. The resilience of coral reefs is being tested like never before, and we must prioritise strategies that enhance their ability to withstand climate change. Our findings underscore the need for immediate and effective management interventions to safeguard these ecosystems."

The implications of this research extend beyond the ecology and conservation. Coral reefs provide essential services to human communities, including fisheries, tourism and coastal protection. As the Great Barrier Reef faces increasing threats from climate change, the study calls for a collaborative approach to conservation that involves local communities, scientists and policymakers.

Dr Shawna Foo, a Sydney Horizon Fellow and co-author of the study, said: "Seeing the impacts on a reef that has largely avoided mass bleaching until now is devastating. The high rates of mortality and disease, particularly in such a remote and pristine area, highlight the severity of the situation. Although the reef's highly protected status may not have prevented the impacts of the heatwave, its role in facilitating recovery will be crucial to observe."
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Neuromorphic semiconductor chip that learns and corrects itself? | ScienceDaily
Existing computer systems have separate data processing and storage devices, making them inefficient for processing complex data like AI. A KAIST research team has developed a memristor-based integrated system similar to the way our brain processes information. It is now ready for application in various devices including smart security cameras, allowing them to recognize suspicious activity immediately without having to rely on remote cloud servers, and medical devices with which it can help analyze health data in real time.


						
KAIST (President Kwang Hyung Lee) announced on the 17th of January that the joint research team of Professor Shinhyun Choi and Professor Young-Gyu Yoon of the School of Electrical Engineering has developed a next-generation neuromorphic semiconductor-based ultra-small computing chip that can learn and correct errors on its own.

What is special about this computing chip is that it can learn and correct errors that occur due to non-ideal characteristics that were difficult to solve in existing neuromorphic devices. For example, when processing a video stream, the chip learns to automatically separate a moving object from the background, and it becomes better at this task over time.

This self-learning ability has been proven by achieving accuracy comparable to ideal computer simulations in real-time image processing. The research team's main achievement is that it has completed a system that is both reliable and practical, beyond the development of brain-like components.

The research team has developed the world's first memristor-based integrated system that can adapt to immediate environmental changes, and has presented an innovative solution that overcomes the limitations of existing technology.

At the heart of this innovation is a next-generation semiconductor device called a memristor*. The variable resistance characteristics of this device can replace the role of synapses in neural networks, and by utilizing it, data storage and computation can be performed simultaneously, just like our brain cells.

*Memristor: A compound word of memory and resistor, next-generation electrical device whose resistance value is determined by the amount and direction of charge that has flowed between the two terminals in the past.




The research team designed a highly reliable memristor that can precisely control resistance changes and developed an efficient system that excludes complex compensation processes through self-learning. This study is significant in that it experimentally verified the commercialization possibility of a next-generation neuromorphic semiconductor-based integrated system that supports real-time learning and inference.

This technology will revolutionize the way artificial intelligence is used in everyday devices, allowing AI tasks to be processed locally without relying on remote cloud servers, making them faster, more privacy-protected, and more energy-efficient.

"This system is like a smart workspace where everything is within arm's reach instead of having to go back and forth between desks and file cabinets," explained KAIST researchers Hakcheon Jeong and Seungjae Han, who led the development of this technology. "This is similar to the way our brain processes information, where everything is processed efficiently at once at one spot."

The research was conducted with Hakcheon Jeong and Seungjae Han, the students of Integrated Master's and Doctoral Program at KAIST School of Electrical Engineering being the co-first authors, the results of which was published online in the international academic journal, Nature Electronics, on January 8, 2025.

This research was supported by the Next-Generation Intelligent Semiconductor Technology Development Project, Excellent New Researcher Project and PIM AI Semiconductor Core Technology Development Project of the National Research Foundation of Korea, and the Electronics and Telecommunications Research Institute Research and Development Support Project of the Institute of Information & communications Technology Planning & Evaluation.
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A team with diverse expertise produces novel ideas -- but are they practical? | ScienceDaily
Contrary to the widespread belief that teams with diverse expertise are automatically more creative, a new study by a joint team of researchers from the University of Waterloo, Xiamen University and Texas Tech University reveals this isn't always the case.


						
The study, the first of its kind in the accounting field to explore team creativity with neuroimaging, shows that while teams with differing skill sets and perspectives bring fresh, unique ideas to the table, they often struggle to create practical, workable solutions -- raising important questions for managers and businesses worldwide.

In an experiment, teams made up of members with different areas of expertise -- engineers and accountants -- were tasked with coming up with creative uses for an unused university space. The study found that teams with a mix of skills generated more unique proposals, but their ideas were often less useful compared to teams where everyone shared the same expertise.

"Our study challenges the trendy belief that teams with diverse expertise always boost creativity," said Adam Presslee, a professor from the School of Accounting and Finance at Waterloo. "While teams with differing skill sets and perspectives tend to come up with more original ideas, they also face friction when trying to turn those ideas into practical, implementable solutions."

The study, a collaboration between Drs. Presslee, Yasheng Chen and Sue Yang used cutting-edge brain-scanning technology, known as functional near-infrared spectroscopy (fNIRS), to measure how participants' brains responded during team collaboration. This powerful tool allowed researchers to peek inside the "black box" of the brain to understand why teams with differing skill sets and perspectives have mixed effects on creativity.

The experiment was comprised of 40 two-person teams who were each fitted with an fNIRS brain scanning cap to see how synchronized the team members' brain activities were. They found that when team members' brains were more synchronized in certain areas, it influenced their ideas' uniqueness or usefulness.

The study offers two scientific contributions that challenge the belief that varied skill sets within teams boost creativity and maximize efficiency. The first is that while diverse expertise enhances the uniqueness of team ideas, it reduces their usefulness -- leading to a complex balancing act for managers. Ultimately, skill diversity in teams can be a double-edged sword in terms of its effect on creativity.

Secondly, by using neuroimaging, the study demonstrated that teams with differing skill sets and perspectives trigger different areas of the brain associated with divergent and convergent thinking.

The study should significantly resonate for businesses, especially for managers where applying functional diversity isn't a one-size-fits-all solution.

"For companies to get the most out of their teams, they need to think carefully about what kind of creative output they want," Presslee said. "Diverse expertise is great if the goal is innovative, 'out of the box' ideas. But if you need timely usable ideas, you may want a more focused, uniform team."
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New evidence suggests megaflood refilled the Mediterranean Sea five million years ago | ScienceDaily
A new study provides compelling new evidence that a colossal 'megaflood' refilled the Mediterranean Sea, ending a period during which the Med was a vast expanse of salt flats.


						
The study suggests the Zanclean Megaflood ended the Messinian Salinity Crisis, which lasted between 5.97 and 5.33 million years ago.

An international team of scientists, including the University of Southampton, have identified a series of geological features around South East Sicily that point to a massive flood taking place across the region.

"The Zanclean megaflood was an awe-inspiring natural phenomenon, with discharge rates and flow velocities dwarfing any other known floods in Earth's history," said Dr. Aaron Micallef, lead author of the study and researcher at the Monterey Bay Aquarium Research Institute in California. "Our research provides the most compelling evidence yet of this extraordinary event."

During the Messinian Salinity Crisis, the Mediterranean Sea became isolated from the Atlantic Ocean and evaporated, leading to vast salt deposits which reshaped the region's landscape.

For years, scientists had thought that this dry period ended gradually, with the Mediterranean refilling over a period of 10,000 years. But this idea was challenged by the discovery of an erosion channel stretching from the Gulf of Cadiz to the Alboran Sea in 2009. The finding pointed to a single, massive flooding event, lasting between two and 16 years, which became known as the Zanclean megaflood.

Estimates suggest the megaflood had a discharge from 68 to 100 Sverdrups (Sv), with one Sv equal to one million cubic metres per second.




The new research published in the journal Communications Earth & Environment combines newly discovered geological features with geophysical data and numerical modelling to provide the most comprehensive picture yet of the megaflood.

The researchers investigated over 300 asymmetric, streamlined ridges in a corridor across the Sicily Sill -- a submerged land bridge that once separated the western and eastern Mediterranean basins.

"The morphology of these ridges is compatible with erosion by large-scale, turbulent water flow with a predominantly north easterly direction," says Professor Paul Carling, an Emeritus professor in the School of Geography and Environmental Science at the University of Southampton and a coauthor of the study.

"They reveal the immense power of the Zanclean Megaflood and how it reshaped the landscape, leaving lasting imprints on the geological record."

By sampling the ridges, the team found they were topped with a layer of rocky debris containing material eroded from the ridge flanks and the surrounding region, indicating it was deposited there quickly and with immense force.

This layer is right at the boundary between the Messinian and Zanclean periods when the megaflood is believed to have occurred.




Using seismic reflection data -- a kind of geological ultrasound allowing scientists to see layers of rock and sediment beneath the surface, the researchers discovered a 'W-shaped channel' on the continental shelf east of the Sicily Sill.

This channel, carved into the seabed, connects the ridges to the Noto Canyon -- a deep underwater valley located in the eastern Mediterranean.

The shape and location of the channel suggest that it acted like a massive funnel. When the megaflood waters poured over the Sicily Sill, this channel likely carried the water toward the Noto Canyon and into the eastern Mediterranean.

The team developed computer models of the megaflood to simulate how the water might have behaved. The model suggests that the flood would have changed direction and grown in intensity as time went on, reaching speeds of up to 32 meters per second (72 miles per hour), carving deeper channels, eroding more material, and transporting it over longer distances.

"These findings not only shed light on a critical moment in Earth's geological history but also demonstrate the persistence of landforms over five million years," Dr Micallef added. "It opens the door to further research along the Mediterranean margins."

The research was supported by the National Geographic Society, Deutsche Forschungsgemeinschaft, and the David and Lucile Packard Foundation.
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Antibiotics, vaccinations and anti-inflammatory medication linked to reduced risk of dementia | ScienceDaily
Antibiotics, antivirals, vaccinations and anti-inflammatory medication are associated with reduced risk of dementia, according to new research that looked at health data from over 130 million individuals.


						
The study, led by researchers from the universities of Cambridge and Exeter, identified several drugs already licensed and in use that have the potential to be repurposed to treat dementia.

Dementia is a leading cause of death in the UK and can lead to profound distress in the individual and among those caring for them. It has been estimated to have a worldwide economic cost in excess of US$1 trillion dollars.

Despite intensive efforts, progress in identifying drugs that can slow or even prevent dementia has been disappointing. Until recently, dementia drugs were effective only for symptoms and have a modest effect. Recently, lecanemab and donanemab have been shown to reduce the build-up in the brain of amyloid plaques -- a key characteristic of Alzheimer's disease -- and to slow down progression of the disease, but the National Institute for Health and Care Excellence (NICE) concluded that the benefits were insufficient to justify approval for use within the NHS.

Scientists are increasingly turning to existing drugs to see if they may be repurposed to treat dementia. As the safety profile of these drugs is already known, the move to clinical trials can be accelerated significantly.

Dr Ben Underwood, from the Department of Psychiatry at the University of Cambridge and Cambridgeshire and Peterborough NHS Foundation Trust, said: "We urgently need new treatments to slow the progress of dementia, if not to prevent it. If we can find drugs that are already licensed for other conditions, then we can get them into trials and -- crucially -- may be able to make them available to patients much, much faster than we could do for an entirely new drug. The fact they are already available is likely to reduce cost and therefore make them more likely to be approved for use in the NHS."

In a study published today in Alzheimer's and Dementia: Translational Research & Clinical Interventions, Dr Underwood, together with Dr Ilianna Lourida from the University of Exeter, led a systematic review of existing scientific literature to look for evidence of prescription drugs that altered the risk of dementia. Systematic reviews allow researchers to pool several studies where evidence may be weak, or even contradictory, to arrive at more robust conclusions.




In total, the team examined 14 studies that used large clinical datasets and medical records, capturing data from more than 130 million individuals and 1 million dementia cases. Although they found a lack of consistency between studies in identifying individual drugs that affect the risk of dementia, they identified several drug classes associated with altered risk.

One unexpected finding was an association between antibiotics, antivirals and vaccines, and a reduced risk of dementia. This finding supports the hypothesis that common dementias may be triggered by viral or bacterial infections, and supports recent interest in vaccines, such as the BCG vaccine for tuberculosis, and decreased risk of dementia.

Anti-inflammatory drugs such as ibuprofen were also found to be associated with reduced risk. Inflammation is increasingly being seen to be a significant contributor to a wide range of diseases, and its role in dementia is supported by the fact that some genes that increase the risk of dementia are part of inflammatory pathways.

The team found conflicting evidence for several classes of drugs, with some blood pressure medications and anti-depressants and, to a lesser extent, diabetes medication associated with a decreased risk of dementia and others associated with increased risk.

Dr Ilianna Lourida from the National Institute for Health and Care Research Applied Research Collaboration South West Peninsula (PenARC), University of Exeter, said: "Because a particular drug is associated with an altered risk of dementia, it doesn't necessarily mean that it causes or indeed helps in dementia. We know that diabetes increases your risk of dementia, for example, so anyone on medication to manage their glucose levels would naturally also be at a higher risk of dementia -- but that doesn't mean the drug increases your risk.

"It's important to remember that all drugs have benefits and risks. You should never change your medicine without discussing this first with your doctor, and you should speak to them if you have any concerns."

The conflicting evidence may also reflect differences in how particular studies were conducted and how data was collected, as well as the fact that different medications even within the same class often target different biological mechanisms.

The UK government is supporting the development of an Alzheimer's trial platform to evaluate drugs rapidly and efficiently, including repurposed drugs currently used for other conditions.

"Pooling these massive health data sets provides one source of evidence which we can use to help us focus on which drugs we should try first," said Dr Underwood. "We're hopeful this will mean we can find some much-needed new treatments for dementia and speed up the process of getting them to patients."
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Extreme supersonic winds measured on planet outside our Solar System | ScienceDaily
Astronomers have discovered extremely powerful winds pummeling the equator of WASP-127b, a giant exoplanet. Reaching speeds up to 33,000 km/h, the winds make up the fastest jetstream of its kind ever measured on a planet. The discovery was made using the European Southern Observatory's Very Large Telescope (ESO's VLT) in Chile and provides unique insights into the weather patterns of a distant world.


						
Tornados, cyclones and hurricanes wreak havoc on Earth, but scientists have now detected planetary winds on an entirely different scale, far outside the Solar System. Ever since its discovery in 2016, astronomers have been investigating the weather on WASP-127b, a giant gas planet located over 500 light-years from Earth. The planet is slightly larger than Jupiter, but has only a fraction of its mass, making it 'puffy'. An international team of astronomers have now made an unexpected discovery: supersonic winds are raging on the planet.

"Part of the atmosphere of this planet is moving towards us at a high velocity while another part is moving away from us at the same speed," says Lisa Nortmann, a scientist at the University of Gottingen, Germany, and lead author of the study. "This signal shows us that there is a very fast, supersonic, jet wind around the planet's equator."

At 9 km per second (which is close to a whopping 33,000 km/h), the jet winds move at nearly six times the speed at which the planet rotates.* "This is something we haven't seen before," says Nortmann. It is the fastest wind ever measured in a jetstream that goes around a planet. In comparison, the fastest wind ever measured in the Solar System was found on Neptune, moving at 'only' 0.5 km per second (1800 km/h).

The team, whose research was published today in Astronomy & Astrophysics, mapped the weather and make-up of WASP-127b using the CRIRES+ instrument on ESO's VLT. By measuring how the light of the host star travels through the planet's upper atmosphere, they managed to trace its composition. Their results confirm the presence of water vapour and carbon monoxide molecules in the planet's atmosphere. But when the team tracked the speed of this material in the atmosphere, they observed -- much to their surprise -- a double peak, indicating that one side of the atmosphere is moving towards us and the other away from us at high speed. The researchers conclude that powerful jetstream winds around the equator would explain this unexpected result.

Further building up their weather map, the team also found that the poles are cooler than the rest of the planet. There is also a slight temperature difference between the morning and evening sides of WASP-127b. "This shows that the planet has complex weather patterns just like Earth and other planets of our own System," adds Fei Yan, a co-author of the study and a professor at the University of Science and Technology of China.

The field of exoplanet research is rapidly advancing. Up until a few years ago, astronomers could measure only the mass and the radius of planets outside the Solar System. Today, telescopes like ESO's VLT already allow scientists to map the weather on these distant worlds and analyse their atmospheres. "Understanding the dynamics of these exoplanets helps us explore mechanisms such as heat redistribution and chemical processes, improving our understanding of planet formation and potentially shedding light on the origins of our own Solar System," says David Cont from the Ludwig Maximilian University of Munich, Germany, and a co-author of the paper.

Interestingly, at present, studies like this can only be done by ground-based observatories, as the instruments currently on space telescopes do not have the necessary velocity precision. ESO's Extremely Large Telescope -- which is under construction close to the VLT in Chile -- and its ANDES instrument will allow researchers to delve even deeper into the weather patterns on far-away planets. "This means that we can likely resolve even finer details of the wind patterns and expand this research to smaller, rocky planets," Nortmann concludes.

Note

* While the team hasn't measured the rotation speed of the planet directly, they expect WASP-127b to be tidally locked, meaning the planet takes as long to rotate around its own axis as it does to orbit the star. Knowing how big the planet is and how long it takes to orbit its star, they can infer how fast it's rotating.
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Why our biological clock ticks: Research reconciles major theories of aging | ScienceDaily
Researchers at University of California San Diego School of Medicine have published results that shed new light on an old question: what causes aging at the molecular level? Their findings, published in Nature Aging, describe a never-before-seen link between the two most accepted explanations: random genetic mutations and predictable epigenetic modifications. The latter, also known as the epigenetic clock theory, has been widely used by scientists as a consistent, quantitative measure of biological aging.


						
However, the new research suggests that the process may not be so simple.

"Major research institutions and companies are betting on turning back the epigenetic clock as a strategy to reverse the effects of aging, but our research suggests that this may only be treating a symptom of aging, not the underlying cause," said co-corresponding author Trey Ideker, Ph.D., a professor at UC San Diego School of Medicine and UC San Diego Jacobs School of Engineering. "If mutations are in fact responsible for the observed epigenetic changes, this fact could fundamentally change the way we approach anti-aging efforts in the future."

There are two prevailing theories about the relationship between aging and DNA. The somatic mutation theory suggests that aging is caused by the accumulation of mutations, permanent changes in our DNA sequence that occur randomly. The epigenetic clock theory suggests that aging occurs due to the accumulation of epigenetic modifications, minor changes to the chemical structure of DNA that do not alter the underlying sequence, but instead change which genes are on or off. Unlike mutations, epigenetic modifications can also be reversed in some cases.

Because epigenetic modifications only occur at specific sites on our genome rather than at random locations, they are easier to quantify and have become a go-to way for scientists to determine the "biological age" of cells. However, scientists have long wondered about the source of these epigenetic changes.

To answer this fundamental question, researchers analyzed data from 9,331 patients catalogued in the Cancer Genome Atlas and the Pan-Cancer Analysis of Whole Genomes. By comparing genetic mutations to epigenetic modifications, they found that mutations were predictably correlated with changes in DNA methylation, one type of epigenetic modification. They found that a single mutation could cause a cascade of epigenetic changes across the genome, not just where the mutation occurred. Using this relationship, the researchers were able to make similar predictions of age using either mutations or epigenetic changes.

"Epigenetic clocks have been around for years, but we're only now beginning to answer the question of why epigenetic clocks tick in the first place," said first author Zane Koch, a Ph.D. candidate in bioinformatics at UC San Diego. "Our study demonstrates for the first time that epigenetic changes are intricately and predictably tied to random genetic mutations."

The study's authors note that further research is needed to fully understand the relationship between somatic mutations and epigenetic changes in aging. However, the study's findings provide a major breakthrough in our understanding of the aging process and have important implications for the development of new therapies aimed at preventing or reversing aging.




"If somatic mutations are the fundamental driver of aging and epigenetic changes simply track this process, it's going to be a lot harder to reverse aging than we previously thought," added co-corresponding author Steven Cummings, M.D., executive director of the San Francisco Coordinating Center at UC San Francisco and senior research scientist at Sutter Health's California Pacific Medical Center Research Institute. "This shifts our focus from viewing aging as a programmed process to one that's largely influenced by random, cumulative changes over time."

In addition to Ideker, Cummings and Koch, the study was co-authored by Adam Li at UC San Diego and Daniel S. Evans at California Pacific Medical Center Research Institute and UC San Francisco.

This study was funded by the National Institutes of Health (grants U54 CA274502 and P41 GM103504).
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Salt deposit ring inside your pasta pan? | ScienceDaily
If you've ever tossed a generous pinch of salt into your pasta pan's water for flavor or as an attempt to make it boil faster, you've likely ended up with a whitish ring of deposits inside the pan.


						
A group of scientists from the University of Twente in the Netherlands and the French National Institute for Agriculture, Food, and Environment (INRAE), inspired by this observation during an evening of board games and pasta dinner, wondered what it would take to create the most beautiful salt ring inside the pasta pan: Would you need to throw in small salt grains or large ones? In what quantity and how fast? Is there an optimal amount of water inside the pan?

In Physics of Fluids, from AIP Publishing, the group reports their findings about what causes these peculiar salt particle cloud deposits to form. Their experiment is simple to set up, easily reproducible, and inexpensive.

"By the end of our meal, we'd sketched an experimental protocol and written a succession of experiments we wanted to try on my youngest son's small whiteboard," said Mathieu Souzy. "It was a great overall experience, because we soon realized our simple observation of daily life conceals a rich variety of physical mechanisms!"

So what's really going on within the pan? When a single particle is released into a tank of water, it settles to the bottom due to gravity and creates a small wake drag that perturbs the flow of water around it.

"If a large number of particles are released at the same time, neighboring particles experience this flow perturbation generated by all surrounding particles," said Souzy. "It causes sedimenting (falling) particles to be progressively shifted horizontally, which leads to an expanding circular distribution of the particles."

When particles reach the bottom rapidly, they form a circular deposit, and the water entrained within the wake of the cloud of particles further pushes the particles radially away. This creates a clean central depletion region.

But if particles are released from a greater height, they sediment (fall) for a longer time and the cloud of particles expands radially -- until there's a large enough space between particles so that the flow perturbations induced by their fellow sedimenting/falling particles become negligible and particles are no longer close enough to form a "cloud." Then, particles essentially rain down to form a homogeneous circular deposit.

"These are the main physical ingredients, and despite its apparent simplicity, this phenomenon encompasses a wide range of physical concepts such as sedimentation, non-creeping flow, long-range interactions between multiple bodies, and wake entrainment," said Souzy. "Things get even more interesting once you realize larger particles are more radially shifted than small ones, which means you can sort particles by size just by dropping them into a water tank!"

And yes, Souzy can "create very nice salt rings almost every time" he cooks now.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250121125638.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



First fast radio burst traced to old, dead, elliptical galaxy | ScienceDaily
For the first time, astronomers have traced a fast radio burst (FRB) to the outskirts of an ancient, dead, elliptical galaxy -- an unprecedented home for a phenomenon previously associated with much younger galaxies.


						
Detailed in two complementary studies led by Northwestern University and McGill University, the discovery shatters assumptions that FRBs solely emanate from regions of active star formation. The new observational evidence, instead, hints that the origins of these mysterious cosmic events might be more diverse than previously thought.

Both studies will publish on Tuesday (Jan. 21) in the Astrophysical Journal Letters.

"The prevailing theory is that FRBs come from magnetars formed through core-collapse supernovae," said Northwestern's Tarraneh Eftekhari, who led one of the studies and coauthored the other. "That doesn't appear to be the case here. While young, massive stars end their lives as core-collapse supernovae, we don't see any evidence of young stars in this galaxy. Thanks to this new discovery, a picture is emerging that shows not all FRBs come from young stars. Maybe there is a subpopulation of FRBs that are associated with older systems."

"This new FRB shows us that just when you think you understand an astrophysical phenomenon, the universe turns around and surprises us," said Northwestern's Wen-fai Fong, a senior author on both studies. "This 'dialogue' with the universe is what makes our field of time-domain astronomy so incredibly thrilling."

Eftekhari is a NASA Einstein Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). Fong is an associate professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and a member of CIERA.

A first for the CHIME outrigger telescopes

Astronomers first detected the new FRB, dubbed FRB 20240209A, in February 2024 with the Canadian Hydrogen Intensity Mapping Experiment (CHIME). Flaring up and disappearing within milliseconds, FRBs are brief, powerful radio blasts that generate more energy in one quick burst than our sun emits in an entire year.




But this event flared up more than once. Between the initial burst in February through July 2024, the same source produced another 21 pulses -- six of which were also detected by an outrigger telescope located 60 kilometers away from CHIME's main station. Smaller versions of CHIME, the outriggers enable astronomers to precisely confine the specific locations of FRBs on the sky.

Most massive FRB host galaxy to date

After the team pinpointed the FRB's position, Eftekhari and her collaborators hurried to use telescopes at the W.M. Keck and Gemini observatories to explore the event's surrounding environment. In a specialized room on the Evanston campus, Northwestern astronomers have remote access to Keck, which enables them to quickly observe phenomena of high interest.

Instead of finding a young galaxy, these observations surprisingly revealed that the FRB originated at the edge of an 11.3-billion-year-old neighboring galaxy, located just 2 billion lightyears from Earth.

To learn more about this unusual host galaxy, the team used high-performance computers to run simulations. They found that the galaxy is extremely luminous and incredibly massive -- 100 billion times the mass of our sun.

"It seems to be the most massive FRB host galaxy to date," Eftekhari said. "It's among some of the most massive galaxies out there."

A far-flung home




But, while most FRBs originate well within their galaxies, the team traced FRB 20240209A to the outskirts of its home -- 130,000 lightyears from the galaxy's center where few other stars exist.

"Among the FRB population, this FRB is located the furthest from the center of its host galaxy," said Vishwangi Shah, a graduate student at McGill, who led the effort to pinpoint the FRB's origins. "This is both surprising and exciting, as FRBs are expected to originate inside galaxies, often in star-forming regions. The location of this FRB so far outside its host galaxy raises questions as to how such energetic events can occur in regions where no new stars are forming."

'Twinning' FRBs

Before this discovery, astronomers had traced only one other FRB to the outer fringes of a galaxy. In 2022, an international team of astronomers detected an FRB, which emanated from a tight cluster of stars on the edge of Messier 81 (M81), a grand design spiral galaxy located about 12 million light years from Earth. Although FRB 20240209A occurred in an elliptical galaxy, the two events share several other similarities.

"A few years ago, the M81 FRB was surprisingly discovered within a dense cluster of stars called a globular cluster," Fong said. "That event single-handedly halted the conventional train of thought and made us explore other progenitor scenarios for FRBs. Since then, no FRB had been seen like it, leading us to believe it was a one-off discovery -- until now.

"In fact, this CHIME FRB could be a twin of the M81 event. It is far from its home galaxy (far away from where any stars are being born), and the population of stars in its home galaxy is extremely old. It's had its hey-day and is now coasting into retirement. At the same time, this type of old environment is making us rethink our standard FRB progenitor models and turning to more exotic formation channels, which is exciting."

Out of the nearly 100 FRBs that have been pinpointed to a galaxy so far, most have likely originated from magnetars, which are formed through core-collapse supernovae. Astrophysicists posit FRB 20240209A's origin, however, might be similar to the FRB found in M81.

Possible explanations

The McGill-led study discusses the likelihood that the new FRB originated within a dense globular cluster. Such clusters are promising sites for magnetars possibly formed through other mechanisms and associated with older stars, including through the merger of two neutron stars or from a white dwarf collapsing under its own gravity.

"A globular cluster origin for this repeating FRB is the most likely scenario to explain why this FRB is located outside its host galaxy," Shah said. "We do not know for a fact if there is a globular cluster present at the FRB position and have submitted a proposal to use the James Webb Space Telescope for follow-up observations of the FRB location. If yes, it would make this FRB only the second FRB known to reside in a globular cluster. If not, we would have to consider alternative exotic scenarios for the FRB's origin."

"It's clear that there's still a lot of exciting discovery space when it comes to FRBs," Eftekhari said, "and that their environments could hold the key to unlocking their secrets."

The studies, "A repeating fast radio burst source in the outskirts of a quiescent galaxy" and "The massive and quiescent elliptical host galaxy of the repeating fast radio burst FRB 20240209A," were supported by Gordon & Betty Moore Foundation, NASA, the Space Telescope Science Institute, the National Science Foundation, the David and Lucile Packard Foundation, the Alfred P. Sloan Foundation, the Research Corporation for Science Advancement, the Canadian Institute for Advanced Research, The Canadian Natural Sciences and Engineering Council of Canada, the Canada Foundation for Innovation and the Trottier Space Institute at McGill.
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Global trust in science remains strong | ScienceDaily
A global survey spanning 68 countries reveals that public trust in scientists is still high. Led by the University of Zurich and ETH Zurich, a team of 241 researchers conducted the largest post-pandemic study of trust in science, societal expectations and public views on research priorities.


						
Trust in scientists is at a moderately high level worldwide, according to a new study. This is the conclusion of an international team of 241 researchers led by Viktoria Cologna of ETH Zurich and Niels G. Mede of the University of Zurich (UZH). "Our results show that most people in most countries have a relatively high level of trust in scientists," says principal investigator Viktoria Cologna, "and want them to play an active role in society and politics." The study found no evidence for the oft-repeated claim of a crisis of trust in science.

The study is the result of the TISP Many Labs study, a collaborative effort that allowed the authors to survey 71,922 people in 68 countries, including many under-researched countries in the Global South. For the first time since the coronavirus pandemic, the study provides global, representative survey data on the populations and regions of the world in which researchers are perceived to be most trustworthy, the extent to which they should engage with the public, and whether science is prioritizing important research issues.

No crisis of trust in science

Across 68 countries, the study finds that the majority of the public has a relatively high level of trust in scientists (mean trust level = 3.62, on a scale of 1 = very low trust to 5 = very high trust). The majority of respondents also perceive scientists as qualified (78%), honest (57%) and concerned about people's well-being (56%).

However, the results also reveal some areas of concern. Globally, less than half of respondents (42%) believe that scientists pay attention to the views of others. "Our results also show that many people in many countries feel that the priorities of science are not always well aligned with their own priorities," says co-author Niels G. Mede. "We recommend that scientists take these results seriously and find ways to be more receptive to feedback and open to dialogue with the public."

Polarization of population groups and differences between countries

The findings confirm the results of previous studies that show significant differences between countries and population groups. In particular, people with right-wing political views in Western countries tend to have less trust in scientists than those with left-wing views. This suggests that attitudes toward science tend to polarize along political lines. In most countries, however, political orientation and trust in scientists were not related.




Call for active engagement of scientists

A majority of respondents want science to play an active role in society and policy-making. Globally, 83% of respondents believe that scientists should communicate with the public about science, providing an impetus for increased science communication efforts. Only a minority (23%) believe that scientists should not actively advocate for specific policies. 52% believe that scientists should be more involved in the policy-making process.

Participants gave high priority to research to improve public health, solve energy problems, and reduce poverty. On the other hand, research to develop defense and military technology was given a lower priority. In fact, participants explicitly believe that science is prioritizing the development of defense and military technology more than they would like, highlighting a potential misalignment between public and scientific priorities.
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In chimpanzees, peeing is contagious | ScienceDaily

"In humans, urinating together can be seen as a social phenomenon," says Ena Onishi of Kyoto University.

"An Italian proverb states, 'Whoever doesn't pee in company is either a thief or a spy' (Chi non piscia in compagnia o e un ladro o e una spia), while in Japanese, the act of urinating with others is referred to as 'Tsureshon'. This behavior is represented in art across centuries and cultures and continues to appear in modern social contexts. Our research suggests that this phenomenon may have deep evolutionary roots. We found that chimpanzees, our closest relatives, tend to urinate in response to the urination of nearby individuals."

The researchers decided to study this behavior after noticing that the sanctuary chimpanzees seemed to pee at about the same time. It reminded them of human behavior, and they wondered whether it might be comparable to contagious yawning. To find out, they documented peeing behaviors in the Kumamoto chimpanzees over more than 600 hours, including 1,328 urination events. They analyzed the observational data to see whether peeing among the chimpanzees was significantly synchronized in time. They also explored whether it was influenced by nearby individuals or shaped by social factors.

The evidence showed that urination events were significantly more synchronized during observations than would be expected if the chimpanzees were simply peeing at random times with respect to one another. The likelihood of contagious urination also increased with physical proximity to the initial urinator, they report. Interestingly, individuals with lower dominance ranks were more likely to pee when others were peeing. The finding suggests that urination patterns are influenced by social hierarchy, with a tendency for the behavior to "flow down" the dominance structure, the researchers say.

"We were surprised to discover that the contagion pattern was influenced by social rank," Onishi says. "Since there were no prior studies on contagious urination in any species, we drew parallels to contagious yawning, another semi-voluntary physiological behavior. Based on this, we initially expected that any social influences might resemble those seen in yawning -- such as stronger contagion between socially close pairs. However, our results showed no evidence of effects related to social closeness. Instead, we observed a clear influence of social rank, with lower-ranking individuals being more likely to follow the urination of others."

"This was an unexpected and fascinating result, as it opens up multiple possibilities for interpretation," Shinya Yamamoto, also of Kyoto University, adds. "For instance, it could reflect hidden leadership in synchronizing group activities, the reinforcement of social bonds, or attention bias among lower-ranking individuals. These findings raise intriguing questions about the social functions of this behavior."

The findings may have important implications for understanding and exploring the role of this behavior in maintaining group cohesion, facilitating coordination, or reinforcing social bonds within the group, according to the researchers. It reveals how this seemingly mundane and necessary behavior might be of overlooked social significance.

The researchers say more study is needed to understand the specific functions and mechanisms underlying contagious urination in chimpanzees. They're also curious to know whether this phenomenon exists in other species.
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Ancient viral DNA shapes early embryo development | ScienceDaily
Over half of our genomes consists of thousands of remnants of ancient viral DNA, known as transposable elements, which are widespread across the tree of life. Once dismissed as the "dark side" of the genome, researchers at Helmholtz Munich and Ludwig-Maximilians-Universitat (LMU) have now revealed their crucial role in early embryo development.
Unanswered Questions About the Role of Ancient Viral DNA 
Transposable elements, remnants of ancient viral DNA, are reactivated during the first hours and days following fertilization. This dynamic period of early development sees embryonic cells displaying remarkable plasticity, yet the molecular mechanisms and factors that regulate this plasticity remain unclear. Research in models such as mice suggests that transposable elements play a crucial role in cellular plasticity, but it is still uncertain whether this is a universal feature across all mammalian species. The diverse evolutionary origins of these viral remnants raise further questions about their conservation across mammalian genomes. Understanding the regulatory mechanisms governing the activation of transposable elements is essential for advancing reproductive medicine and uncovering the fundamental principles of genome regulation.
Thought to Be Extinct Viral Elements Re-Expressed in Mammalian Embryos
A team of researchers led by Prof. Maria-Elena Torres-Padilla at Helmholtz Munich and LMU set out to explore these ancient DNA sequences by developing a novel method to study their transcription. They created a single-embryo atlas by comparing embryos from several mammalian species, including mouse, cow, pig, rabbit, and the non-human primate, rhesus macaque. Their findings were surprising: The researchers discovered that very old viral elements, previously thought to be extinct, are re-expressed in mammalian embryos. They also found that each species studied expresses distinct types of these elements.
New Avenues for Gene Manipulation and Cell Plasticity Research
These observations show that the activation of transposable elements is conserved across species, and identifying specific elements provides exciting opportunities to manipulate thousands of genes in cells at the same time. "This approach offers a novel way to influence cell fate, such as directing stem cell differentiation, which typically requires the simultaneous manipulation of hundreds of genes," says co-first author Dr. Marlies Oomen. "Our work highlights the importance of understanding the regulatory principles behind transposable elements."
Prof. Torres-Padilla further explains: "Our research uncovered that transposable element activation is a distinctive feature of early embryos in several mammalian species. This finding is significant because these early-stage cells can differentiate into all body cell types. By understanding how these cells regulate ancient viral elements, we gain crucial insights into the mechanisms of cellular plasticity. This study sets the stage for future research into specific regulatory elements, with broad implications for health, disease, and how manipulating these elements could impact cellular processes."
Unprecedented Dataset for Early Development Across Multiple Mammalian Species
In addition to developing a novel methodology that opens new avenues for researchers working with single cells and embryos, this study has generated an unprecedented dataset. Early embryo development is a highly dynamic process that is of great interest to scientists, but most studies tend to focus on a single species, typically mouse or human. This study, however, took an evolutionary approach by comparing multiple mammalian species, allowing the identification of key regulatory pathways shared across mammals. The biological insights gained from this research, combined with the rich dataset, will serve as a valuable resource for researchers in developmental and reproductive biology.
 
About the Researchers
Prof. Maria-Elena Torres-Padilla, Director at the Institute of Epigenetics and Stem Cells at Helmholtz Munich and Professor at the Faculty of Biology at Ludwig-Maximilians-Universitat (LMU).
Dr. Marlies Oomen, Postdoctoral Researcher at the Institute of Epigenetics and Stem Cells at Helmholtz Munich.
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NASA's Hubble traces hidden history of Andromeda galaxy | ScienceDaily
In the years following the launch of NASA's Hubble Space Telescope, astronomers have tallied over 1 trillion galaxies in the universe. But only one galaxy stands out as the most important nearby stellar island to our Milky Way -- the magnificent Andromeda galaxy (Messier 31). It can be seen with the naked eye on a very clear autumn night as a faint cigar-shaped object roughly the apparent angular diameter of our Moon.


						
A century ago, Edwin Hubble first established that this so-called "spiral nebula" was actually very far outside our own Milky Way galaxy -- at a distance of approximately 2.5 million light-years or roughly 25 Milky Way diameters. Prior to that, astronomers had long thought that the Milky way encompassed the entire universe. Overnight, Hubble's discovery turned cosmology upside down by unveiling an infinitely grander universe.

Now, a century later, the space telescope named for Hubble has accomplished the most comprehensive survey of this enticing empire of stars. The Hubble telescope is yielding new clues to the evolutionary history of Andromeda, and it looks markedly different from the Milky Way's history.

Without Andromeda as a proxy for spiral galaxies in the universe at large, astronomers would know much less about the structure and evolution of our own Milky Way. That's because we are embedded inside the Milky Way. This is like trying to understand the layout of New York City by standing in the middle of Central Park.

"With Hubble we can get into enormous detail about what's happening on a holistic scale across the entire disk of the galaxy. You can't do that with any other large galaxy," said principal investigator Ben Williams of the University of Washington. Hubble's sharp imaging capabilities can resolve more than 200 million stars in the Andromeda galaxy, detecting only stars brighter than our Sun. They look like grains of sand across the beach. But that's just the tip of the iceberg. Andromeda's total population is estimated to be 1 trillion stars, with many less massive stars falling below Hubble's sensitivity limit.

Photographing Andromeda was a herculean task because the galaxy is a much bigger target on the sky than the galaxies Hubble routinely observes, which are often billions of light-years away. The full mosaic was carried out under two Hubble programs. In total, it required over 1,000 Hubble orbits, spanning more than a decade.

This panorama started with the Panchromatic Hubble Andromeda Treasury (PHAT) program about a decade ago. Images were obtained at near-ultraviolet, visible, and near-infrared wavelengths using the Advanced Camera for Surveys and the Wide Field Camera 3 aboard Hubble to photograph the northern half of Andromeda.




This program was followed up by the Panchromatic Hubble Andromeda Southern Treasury (PHAST), recently published in The Astrophysical Journal and led by Zhuo Chen at the University of Washington, which added images of approximately 100 million stars in the southern half of Andromeda. This region is structurally unique and more sensitive to the galaxy's merger history than the northern disk mapped by the PHAT survey.

The combined programs collectively cover the entire disk of Andromeda, which is seen almost edge-on -- tilted by 77 degrees relative to Earth's view. The galaxy is so large that the mosaic is assembled from approximately 600 separate fields of view. The mosaic image is made up of at least 2.5 billion pixels.

The complementary Hubble survey programs provide information about the age, heavy-element abundance, and stellar masses inside Andromeda. This will allow astronomers to distinguish between competing scenarios where Andromeda merged with one or more galaxies. Hubble's detailed measurements constrain models of Andromeda's merger history and disk evolution.

A Galactic 'Train Wreck'

Though the Milky Way and Andromeda formed presumably around the same time many billions of years ago, observational evidence shows that they have very different evolutionary histories, despite growing up in the same cosmological neighborhood. Andromeda seems to be more highly populated with younger stars and unusual features like coherent streams of stars, say researchers. This implies it has a more active recent star-formation and interaction history than the Milky Way.

"Andromeda's a train wreck. It looks like it has been through some kind of event that caused it to form a lot of stars and then just shut down," said Daniel Weisz at the University of California, Berkeley. "This was probably due to a collision with another galaxy in the neighborhood."

A possible culprit is the compact satellite galaxy Messier 32, which resembles the stripped-down core of a once-spiral galaxy that may have interacted with Andromeda in the past. Computer simulations suggest that when a close encounter with another galaxy uses up all the available interstellar gas, star formation subsides.




"Andromeda looks like a transitional type of galaxy that's between a star-forming spiral and a sort of elliptical galaxy dominated by aging red stars," said Weisz. "We can tell it's got this big central bulge of older stars and a star-forming disk that's not as active as you might expect given the galaxy's mass."

"This detailed look at the resolved stars will help us to piece together the galaxy's past merger and interaction history," added Williams.

Hubble's new findings will support future observations by NASA's James Webb Space Telescope and the upcoming Nancy Grace Roman Space Telescope. Essentially a wide-angle version of Hubble (with the same sized mirror), Roman will capture the equivalent of at least 100 high-resolution Hubble images in a single exposure. These observations will complement and extend Hubble's huge dataset.
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Insights into how populations conform or go against the crowd | ScienceDaily
Cultural traits -- the information, beliefs, behaviors, customs, and practices that shape the character of a population -- are influenced by conformity, the tendency to align with others, or anti-conformity, the choice to deliberately diverge. A new way to model this dynamic interplay could ultimately help explain societal phenomena like political polarization, cultural trends, and the spread of misinformation.


						
A study published in the Proceedings of the National Academy of Sciences outlines this novel approach. Presenting a mathematical model, SFI Complexity Postdoctoral Fellow Kaleda Denton with colleagues at Stanford University -- former SFI Post-baccalaureate Fellow Elisa Heinrich Mora, SFI External Professor Marcus Feldman, and Michael Palmer -- expand on previous research to offer a more realistic representation of how conformist and anti-conformist biases shape the transmission of cultural traits through a population.

"The idea behind this research was to come up with a better way to mathematically represent how individuals make decisions in the real world," says Denton. "If we can do that, we can then scale things up to see what would happen in a population of 10,000 people over the long run."

Traditional models of conformity often assume individuals gravitate toward the average or "mean" trait in a population. This concept works well if the most popular traits are near this mean, which may be the case for, say, working hours or food portion sizes. However, the mean is a poor indicator of popularity in other cases; for example, if most people fall on either the far left or far right of a political spectrum, but the mean lies in the center.

To address this gap, the authors designed a model that incorporates trait clustering. In this model, individuals conform by adopting traits that are more clustered together (e.g., variations of a far-left political belief) rather than the mean trait in the population (e.g., the centrist view). Anti-conformists, on the other hand, deliberately distance themselves from the traits of their peers, creating polarization.

Using computer simulations, the team analyzed how traits spread across populations over multiple generations. Conformity often led to groups clustering around specific traits, but not necessarily the average. Anti-conformity created a starkly different pattern: a U-shaped distribution, with individuals clustering at the extremes and leaving the middle sparsely populated.

One significant finding was that populations rarely converge to a single trait unless the unrealistic assumption of perfect behavioral copying is imposed. Instead, even small variations in how individuals interpret or adopt traits result in persistent diversity.




"These outcomes align with what we observe in the real world, where cultural practices and ideologies don't simply average out but instead maintain significant variation," Denton says.

The research also challenges the notion that conformity always leads to homogeneity. The model shows that under certain conditions, conformity can sustain diversity, while anti-conformity amplifies polarization.

Denton sees broad implications for the study. "This framework could help explain voting behavior, social media trends, or even how people estimate values in group settings," she says. "It offers a way to understand how individual decisions aggregate into societal patterns, whether that's consensus-building or polarization." This model can be tested on real-world data in future studies.

"We're excited to see if this framework works in different scenarios," Denton said. "The ultimate goal is to understand how individual choices influence entire populations over time.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250117171309.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The universe is expanding too fast to fit theories: Hubble tension in crisis | ScienceDaily
The Universe really seems to be expanding fast. Too fast, even.


						
A new measurement confirms what previous -- and highly debated -- results had shown: The Universe is expanding faster than predicted by theoretical models, and faster than can be explained by our current understanding of physics.

This discrepancy between model and data became known as the Hubble tension. Now, results published in the Astrophysical Journal Letters provide even stronger support to the faster rate of expansion.

"The tension now turns into a crisis," said Dan Scolnic, who led the research team.

Determining the expansion rate of the Universe -- known as the Hubble constant -- has been a major scientific pursuit ever since 1929, when Edwin Hubble first discovered that the Universe was expanding.

Scolnic, an associate professor of physics at Duke University, explains it as trying to build the Universe's growth chart: we know what size it had at the Big Bang, but how did it get to the size it is now? In his analogy, the Universe's baby picture represents the distant Universe, the primordial seeds of galaxies. The Universe's current headshot represents the local Universe, which contains the Milky Way and its neighbors. The standard model of cosmology is the growth curve connecting the two. The problem is: things don't connect.

"This is saying, to some respect, that our model of cosmology might be broken," said Scolnic.




Measuring the Universe requires a cosmic ladder, which is a succession of methods used to measure the distances to celestial objects, with each method, or "rung," relying on the previous for calibration.

The ladder used by Scolnic was created by a separate team using data from the Dark Energy Spectroscopic Instrument (DESI), which is observing more than 100,000 galaxies every night from its vantage point at the Kitt Peak National Observatory.

Scolnic recognized that this ladder could be anchored closer to Earth with a more precise distance to the Coma Cluster, one of the galaxy clusters nearest to us.

"The DESI collaboration did the really hard part, their ladder was missing the first rung," said Scolnic. "I knew how to get it, and I knew that that would give us one of the most precise measurements of the Hubble constant we could get, so when their paper came out, I dropped absolutely everything and worked on this non-stop."

To get a precise distance to the Coma cluster, Scolnic and his collaborators, with funding from the Templeton foundation, used the light curves from 12 Type Ia supernovae within the cluster. Just like candles lighting a dark path, Type Ia supernovae have a predictable luminosity that correlates to their distance, making them reliable objects for distance calculations.

The team arrived at a distance of about 320 million light-years, nearly in the center of the range of distances reported across 40 years of previous studies -- a reassuring sign of its accuracy.




"This measurement isn't biased by how we think the Hubble tension story will end," said Scolnic. "This cluster is in our backyard, it has been measured long before anyone knew how important it was going to be."

Using this high-precision measurement as a first rung, the team calibrated the rest of the cosmic distance ladder. They arrived at a value for the Hubble constant of 76.5 kilometers per second per megaparsec, which essentially means that the local Universe is expanding 76.5 kilometers per second faster every 3.26 million light-years.

This value matches existing measurements of the expansion rate of the local Universe. However, like all of those measurements, it conflicts with measurements of the Hubble constant using predictions from the distant Universe. In other words: it matches the Universe's expansion rate as other teams have recently measured it, but not as our current understanding of physics predicts it. The longstanding question is: is the flaw in the measurements or in the models?

Scolnic's team's new results adds tremendous support to the emerging picture that the root of the Hubble tension lies in the models.

"Over the last decade or so, there's been a lot of re-analysis from the community to see if my team's original results were correct," said Scolnic, whose research has consistently challenged the Hubble constant predicted using the standard model of physics. "Ultimately, even though we're swapping out so many of the pieces, we all still get a very similar number. So, for me, this is as good of a confirmation as it's ever gotten."

"We're at a point where we're pressing really hard against the models we've been using for two and a half decades, and we're seeing that things aren't matching up," said Scolnic. "This may be reshaping how we think about the Universe, and it's exciting! There are still surprises left in cosmology, and who knows what discoveries will come next?"

This work was conducted with funding from the Templeton Foundation, the Department of Energy, the David and Lucile Packard Foundation, the Sloan Foundation, the National Science Foundation and NASA.
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Astrophysicists reveal structure of 74 exocomet belts orbiting nearby stars in landmark survey | ScienceDaily
Astrophysicists led by a team from Trinity College Dublin have -- for the first time -- imaged a large number of exocomet belts around nearby stars, and the tiny pebbles within them. The crystal-clear images show light being emitted from these millimetre-sized pebbles within the belts that orbit 74 nearby stars of a wide variety of ages -- from those that are just emerging from birth to those in more mature systems like our own Solar System.


						
The REASONS (REsolved ALMA and SMA Observations of Nearby Stars) study marks such a significant milestone in the study of exocometary belts because its images and analyses reveal where the pebbles, and hence the exocomets, are located. They are typically tens to hundreds of au (the distance from Earth to the Sun) from their central star.

In these regions, it is so cold (-250 to -150 degrees Celsius) that most compounds including water are frozen as ice on these exocomets. What the astrophysicists are therefore observing is where the ice reservoirs of planetary systems are located. REASONS is the first program to unveil the structure of these belts for a large sample of 74 exoplanetary systems.

The Atacama Large Millimeter/submillimeter Array (ALMA) is an array of 66 radio telescopes in the Atacama Desert of northern Chile, while the Submillimeter Array (SMA) is a similar eight-element array in Hawaii. Both observe electromagnetic radiation at millimetre and submillimetre wavelengths. This study used both to produce the images that have provided more information on populations of exocomets than ever before.

"Exocomets are boulders of rock and ice, at least 1 km in size, which smash together within these belts to produce the pebbles that we observe here with the ALMA and SMA arrays of telescopes. Exocometary belts are found in at least 20% of planetary systems, including our own Solar System," said Luca Matra, Associate Professor in Trinity's School of Physics, and senior author of the research article that has just been published in thel journal Astronomy and Astrophysics.

Dr Sebastian Marino, Royal Society University Research Fellow at the University of Exeter, and coauthor in this study, added: "The images reveal a remarkable diversity in the structure of belts. Some are narrow rings, as in the canonical picture of a 'belt' like our Solar System's Edgeworth-Kuiper belt. But a larger number of them are wide, and probably better described as 'disks' rather than rings."

Some systems have multiple rings/disks, some of which are eccentric, which provides evidence that yet undetectable planets are present and their gravity affects the distribution of pebbles in these systems.




"The power of a large study like REASONS is in revealing population-wide properties and trends," explained Prof. Matra.

"For example, it confirmed that the number of pebbles decreases for older planetary systems as belts run out of larger exocomets smashing together, but showed for the first time that this decrease in pebbles is faster if the belt is closer to the central star. It also indirectly showed -- through the belts' vertical thickness -- that unobservable objects as large as 140 km to Moon-size are likely present in these belts.

Dr David Wilner, Senior Astrophysicist at the Center for Astrophysics | Harvard & Smithsonian, underlined:"Arrays like the ALMA and SMA used in this work are extraordinary tools that are continuing to give us incredible new insights into the universe and its workings. The REASONS survey required a large community effort and has an incredible legacy value, with multiple potential pathways for future investigation.

"For example, the REASONS dataset of belt and planetary system properties will enable studies of the birth and evolution of these belts, as well as follow-up observations across the wavelength range, from JWST to the next generation of Extremely Large Telescopes and ALMA's upcoming ARKS Large Program to zoom even further onto the details of these belts."
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Three million years ago, our ancestors were vegetarian | ScienceDaily

The consumption of animal resources, especially meat, is considered a crucial turning point in human evolution. This protein-rich food has been linked to the increase in brain volume and the ability to develop tools. However, direct evidence of when meat emerged among our early ancestors, and of how its consumption developed though time, has been elusive. A team of researchers from the Max Planck Institute for Chemistry in Germany and the University of the Witwatersrand in South Africa (Wits University) now provide evidence that human ancestors of the genus Australopithecus that lived in southern Africa between 3.7 and 3.3 million years ago subsisted mostly on plants.

The research team analyzed stable isotope data from tooth enamel of Australopithecus individuals found in the Sterkfontein cave near Johannesburg, part of South Africa's "Cradle of Humankind," an area known for its rich collection of early hominins fossils. They compared the isotopic data of Australopithecus with that from tooth samples of coexisting animals, including monkeys, antelopes, and large predators such as hyenas, jackals, and big cats.

Tooth enamel preserved dietary signatures

"Tooth enamel is the hardest tissue of the mammalian body and can preserve the isotopic fingerprint of an animal's diet for millions of years," says geochemist Tina Ludecke, lead author of the study. Ludecke has led the "Emmy-Noether Junior Research Group for Hominin Meat Consumption" at the Mainz-based Max Planck Institute for Chemistry since 2021 and is an Honorary Research Fellow at the Evolutionary Studies Institute of the University of the Witwatersrand in Johannesburg. She regularly travels to Africa to sample fossilized teeth for her analysis. Wits University owns the Sterkfontein Caves and is the custodian of the Australopithecus fossils.

When animals digest food, biochemical reactions favor the "light" isotope of nitrogen (14N). Consequently, the degradation products that are produced in their body contain high proportions of 14N. The excretion of these "light" nitrogen compounds in urine, feces, or sweat increases the ratio of "heavy" nitrogen (15N) to this "light" nitrogen the body in comparison to the food it eats. This means that herbivores have a higher nitrogen isotope ratio than the plants they consume, while carnivores in turn have a higher nitrogen isotope ratio than their prey. Therefore, the higher the 15N to 14N ratio in a tissue sample, the higher is the trophic position of the organism in the food web.

Nitrogen isotope ratios have long been used to study the diets of modern animals and humans in hair, claws, bones and many other organic materials. However, in fossil material, these measurements have previously been limited to samples that are only a few tens of thousands of years old due to the degradation of organic material over time. In this study, Tina Ludecke used a novel technique developed in Alfredo Martinez-Garcia's laboratory at the Max Planck Institute for Chemistry, to measure nitrogen isotopes ratios in fossilized tooth enamel that is millions of years old.




Evidence of mostly plant-based food

The team of researchers found that the nitrogen isotope ratios in the tooth enamel of Australopithecus varied, but were consistently low, similar to those of herbivores, and much lower than those of contemporary carnivores. They conclude that the diet of these hominins was variable but consisted largely or exclusively of plant-based food. Therefore,Australopithecus did not regularly hunt large mammals like, for example, the Neanderthals did a few million years later. While the researchers cannot completely rule out the possibility of occasional consumption of animal protein sources like eggs or termites, the evidence indicates a diet that was predominantly vegetarian.

Further research on fossilized tooth enamel

Ludecke's team plans to expand their research, collecting more data from different hominin species and time periods. They aim to examine fossils from other key sites in eastern and southern Africa as well as southeast Asia to explore when meat consumption began, how it evolved, and whether it provided an evolutionary advantage for our ancestors.

"This method opens up exciting possibilities for understanding human evolution, and it has the potential to answer crucial questions, for example, when did our ancestors begin to incorporate meat in their diet? And was the onset of meat consumption linked to an increase in brain volume?" says Alfredo Martinez-Garcia, from the Max Planck institute for Chemistry.

"This work represents a huge step in extending our ability to better understand diets and trophic level of all animals back into the scale of millions of years. The research provides clear evidence that its diet did not contain significant amounts of meat. We are honoured that the pioneering application of this new method was spearheaded at Sterkfontein, a site that continues to make fundamental contributions to science even 89 years after the first hominin fossils were discovered there by Robert Broom," says Professor Dominic Stratford, Director of Research at the Sterkfontein Caves and co-author of the paper.

The study was funded by the Max Planck Society. Tina Ludecke's research group is supported by the Emmy Noether program of the German Research Foundation (DFG).
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Fine-tuned brain-computer interface makes prosthetic limbs feel more real | ScienceDaily
You can probably complete an amazing number of tasks with your hands without looking at them. But if you put on gloves that muffle your sense of touch, many of those simple tasks become frustrating. Take away proprioception -- your ability to sense your body's relative position and movement -- and you might even end up breaking an object or injuring yourself.


						
"Most people don't realize how often they rely on touch instead of vision -- typing, walking, picking up a flimsy cup of water," said Charles Greenspon, PhD, a neuroscientist at the University of Chicago. "If you can't feel, you have to constantly watch your hand while doing anything, and you still risk spilling, crushing or dropping objects."

Greenspon and his research collaborators recently published papers in Nature Biomedical Engineering and Science documenting major progress on a technology designed to address precisely this problem: direct, carefully timed electrical stimulation of the brain that can recreate tactile feedback to give nuanced "feeling" to prosthetic hands.

The science of restoring sensation

These new studies build on years of collaboration among scientists and engineers at UChicago, the University of Pittsburgh, Northwestern University, Case Western Reserve University and Blackrock Neurotech. Together they are designing, building, implementing and refining brain-computer interfaces (BCIs) and robotic prosthetic arms aimed at restoring both motor control and sensation in people who have lost significant limb function.

On the UChicago side, the research was led by neuroscientist Sliman Bensmaia, PhD, until his unexpected passing in 2023.

The researchers' approach to prosthetic sensation involves placing tiny electrode arrays in the parts of the brain responsible for moving and feeling the hand. On one side, a participant can move a robotic arm by simply thinking about movement, and on the other side, sensors on that robotic limb can trigger pulses of electrical activity called intracortical microstimulation (ICMS) in the part of the brain dedicated to touch.




For about a decade, Greenspon explained, this stimulation of the touch center could only provide a simple sense of contact in different places on the hand.

"We could evoke the feeling that you were touching something, but it was mostly just an on/off signal, and often it was pretty weak and difficult to tell where on the hand contact occurred," he said.

The newly published results mark important milestones in moving past these limitations.

Advancing understanding of artificial touch

In the first study, published in Nature Biomedical Engineering, Greenspon and his colleagues focused on ensuring that electrically evoked touch sensations are stable, accurately localized and strong enough to be useful for everyday tasks.

By delivering short pulses to individual electrodes in participants' touch centers and having them report where and how strongly they felt each sensation, the researchers created detailed "maps" of brain areas that corresponded to specific parts of the hand. The testing revealed that when two closely spaced electrodes are stimulated together, participants feel a stronger, clearer touch, which can improve their ability to locate and gauge pressure on the correct part of the hand.




The researchers also conducted exhaustive tests to confirm that the same electrode consistently creates a sensation corresponding to a specific location.

"If I stimulate an electrode on day one and a participant feels it on their thumb, we can test that same electrode on day 100, day 1,000, even many years later, and they still feel it in roughly the same spot," said Greenspon, who was the lead author on this paper.

From a practical standpoint, any clinical device would need to be stable enough for a patient to rely on it in everyday life. An electrode that continually shifts its "touch location" or produces inconsistent sensations would be frustrating and require frequent recalibration. By contrast, the long-term consistency this study revealed could allow prosthetic users to develop confidence in their motor control and sense of touch, much as they would in their natural limbs.

Adding feelings of movement and shapes

The complementary Science paper went a step further to make artificial touch even more immersive and intuitive. The project was led by first author Giacomo Valle, PhD, a former postdoctoral fellow at UChicago who is now continuing his bionics research at Chalmers University of Technology in Sweden.

"Two electrodes next to each other in the brain don't create sensations that 'tile' the hand in neat little patches with one-to-one correspondence; instead, the sensory locations overlap," explained Greenspon, who shared senior authorship of this paper with Bensmaia.

The researchers decided to test whether they could use this overlapping nature to create sensations that could let users feel the boundaries of an object or the motion of something sliding along their skin. After identifying pairs or clusters of electrodes whose "touch zones" overlapped, the scientists activated them in carefully orchestrated patterns to generate sensations that progressed across the sensory map.

Participants described feeling a gentle gliding touch passing smoothly over their fingers, despite the stimulus being delivered in small, discrete steps. The scientists attribute this result to the brain's remarkable ability to stitch together sensory inputs and interpret them as coherent, moving experiences by "filling in" gaps in perception.

The approach of sequentially activating electrodes also significantly improved participants' ability to distinguish complex tactile shapes and respond to changes in the objects they touched. They could sometimes identify letters of the alphabet electrically "traced" on their fingertips, and they could use a bionic arm to steady a steering wheel when it began to slip through the hand.

These advancements help move bionic feedback closer to the precise, complex, adaptive abilities of natural touch, paving the way for prosthetics that enable confident handling of everyday objects and responses to shifting stimuli.

The future of neuroprosthetics

The researchers hope that as electrode designs and surgical methods continue to improve, the coverage across the hand will become even finer, enabling more lifelike feedback.

"We hope to integrate the results of these two studies into our robotics systems, where we have already shown that even simple stimulation strategies can improve people's abilities to control robotic arms with their brains," said co-author Robert Gaunt, PhD, associate professor of physical medicine and rehabilitation and lead of the stimulation work at the University of Pittsburgh.

Greenspon emphasized that the motivation behind this work is to enhance independence and quality of life for people living with limb loss or paralysis.

"We all care about the people in our lives who get injured and lose the use of a limb -- this research is for them," he said. "This is how we restore touch to people. It's the forefront of restorative neurotechnology, and we're working to expand the approach to other regions of the brain."

The approach also holds promise for people with other types of sensory loss. In fact, the group has also collaborated with surgeons and obstetricians at UChicago on the Bionic Breast Project, which aims to produce an implantable device that can restore the sense of touch after mastectomy.

Although many challenges remain, these latest studies offer evidence that the path to restoring touch is becoming clearer. With each new set of findings, researchers come closer to a future in which a prosthetic body part is not just a functional tool, but a way to experience the world.
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New chainmail-like material could be the future of armor | ScienceDaily
In a remarkable feat of chemistry, a Northwestern University-led research team has developed the first two-dimensional (2D) mechanically interlocked material.


						
Resembling the interlocking links in chainmail, the nanoscale material exhibits exceptional flexibility and strength. With further work, it holds promise for use in high-performance, light-weight body armor and other uses that demand lightweight, flexible and tough materials.

Publishing on Friday (Jan. 17) in the journal Science, the study marks several firsts for the field. Not only is it the first 2D mechanically interlocked polymer, but the novel material also contains 100 trillion mechanical bonds per 1 square centimeter -- the highest density of mechanical bonds ever achieved. The researchers produced this material using a new, highly efficient and scalable polymerization process.

"We made a completely new polymer structure," said Northwestern's William Dichtel, the study's corresponding author. "It's similar to chainmail in that it cannot easily rip because each of the mechanical bonds has a bit of freedom to slide around. If you pull it, it can dissipate the applied force in multiple directions. And if you want to rip it apart, you would have to break it in many, many different places. We are continuing to explore its properties and will probably be studying it for years."

Dichtel is the Robert L. Letsinger Professor of Chemistry at the Weinberg College of Arts and Sciences and a member of the International Institute of Nanotechnology (IIN) and the Paula M. Trienens Institute for Sustainability and Energy. Madison Bardot, a Ph.D. candidate in Dichtel's laboratory and IIN Ryan Fellow, is the study's first author.

Inventing a new process

For years, researchers have attempted to develop mechanically interlocked molecules with polymers but found it near impossible to coax polymers to form mechanical bonds.




To overcome this challenge, Dichtel's team took a whole new approach. They started with X-shaped monomers -- which are the building blocks of polymers -- and arranged them into a specific, highly ordered crystalline structure. Then, they reacted these crystals with another molecule to create bonds between the molecules within the crystal.

"I give a lot of credit to Madison because she came up with this concept for forming the mechanically interlocked polymer," Dichtel said. "It was a high-risk, high-reward idea where we had to question our assumptions about what types of reactions are possible in molecular crystals."

The resulting crystals comprise layers and layers of 2D interlocked polymer sheets. Within the polymer sheets, the ends of the X-shaped monomers are bonded to the ends of other X-shaped monomers. Then, more monomers are threaded through the gaps in between. Despite its rigid structure, the polymer is surprisingly flexible. Dichtel's team also found that dissolving the polymer in solution caused the layers of interlocked monomers to peel off each other.

"After the polymer is formed, there's not a whole lot holding the structure together," Dichtel said. "So, when we put it in solvent, the crystal dissolves, but each 2D layer holds together. We can manipulate those individual sheets."

To examine the structure at the nanoscale, collaborators at Cornell University, led by Professor David Muller, used cutting-edge electron microscopy techniques. The images revealed the polymer's high degree of crystallinity, confirmed its interlocked structure and indicated its high flexibility.

Dichtel's team also found the new material can be produced in large quantities. Previous polymers containing mechanical bonds typically have been prepared in very small quantities using methods that are unlikely to be scalable. Dichtel's team, on the other hand, made half a kilogram of their new material and assume even larger amounts are possible as their most promising applications emerge.




Adding strength to tough polymers

Inspired by the material's inherent strength, Dichtel's collaborators at Duke University, led by Professor Matthew Becker, added it to Ultem. In the same family as Kevlar, Ultem is an incredibly strong material that can withstand extreme temperatures as well as acidic and caustic chemicals. The researchers developed a composite material of 97.5% Ultem fiber and just 2.5% of the 2D polymer. That small percentage dramatically increased Ultem's overall strength and toughness.

Dichtel envisions his group's new polymer might have a future as a specialty material for light-weight body armor and ballistic fabrics.

"We have a lot more analysis to do, but we can tell that it improves the strength of these composite materials," Dichtel said. "Almost every property we have measured has been exceptional in some way."

Steeped in Northwestern history

The authors dedicated the paper to the memory of former Northwestern chemist Sir Fraser Stoddart, who introduced the concept of mechanical bonds in the 1980s. Ultimately, he elaborated these bonds into molecular machines that switch, rotate, contract and expand in controllable ways. Stoddart, who passed away last month, received the 2016 Nobel Prize in Chemistry for this work.

"Molecules don't just thread themselves through each other on their own, so Fraser developed ingenious ways to template interlocked structures," said Dichtel, who was a postdoctoral researcher in Stoddart's lab at UCLA. "But even these methods have stopped short of being practical enough to use in big molecules like polymers. In our present work, the molecules are held firmly in place in a crystal, which templates the formation of a mechanical bond around each one.

"So, these mechanical bonds have deep tradition at Northwestern, and we are excited to explore their possibilities in ways that have not yet been possible."

The study, "Mechanically interlocked two-dimensional polymers," was primarily supported by the Defense Advanced Research Projects Agency (contract number HR00112320041) and Northwestern's IIN (Ryan Fellows Program).
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The megadroughts are upon us | ScienceDaily
Increasingly common since 1980, persistent multi-year droughts will continue to advance with the warming climate, warns a study from the Swiss Federal Institute for Forest, Snow, and Landscape Research (WSL), with Professor Francesca Pellicciotti from the Institute of Science and Technology Austria (ISTA) participating. This publicly available forty-year global quantitative inventory, now published in Science, seeks to inform policy regarding the environmental impact of human-induced climate change. It also detected previously 'overlooked' events.


						
Fifteen years of a persistent, devastating megadrought -- the longest lasting in a thousand years -- have nearly dried out Chile's water reserves, even affecting the country's vital mining output. This is but one blatant example of how the warming climate is causing multi-year droughts and acute water crises in vulnerable regions around the globe. However, droughts tend only to be noticed when they damage agriculture or visibly affect forests. Thus, some pressing questions arise: Can we consistently identify extreme multi-year droughts and examine their impacts on ecosystems? And what can we learn from the drought patterns of the past forty years?

To answer these questions, researchers from the Swiss Federal Institute for Forest, Snow, and Landscape Research (WSL) and the Institute of Science and Technology Austria (ISTA) have analyzed global meteorological data and modeled droughts between 1980 and 2018. They demonstrated a worrying increase in multi-year droughts that became longer, more frequent, and more extreme, covering more land. "Each year since 1980, drought-stricken areas have spread by an additional fifty thousand square kilometers on average -- that's roughly the area of Slovakia, or the US states of Vermont and New Hampshire put together -- , causing enormous damage to ecosystems, agriculture, and energy production," says ISTA Professor Francesca Pellicciotti, the Principal Investigator of the WSL-funded EMERGE Project, under which the present study was conducted. The team aims to unveil the possible long-lasting effects of persistent droughts around the globe and help inform policy preparing for more frequent and severe future megadroughts.

Unveiling extreme droughts that flew under the radar

The international team used the CHELSA climate data prepared by WSL Senior Researcher and study author Dirk Karger, which goes back to 1979. They calculated anomalies in rainfall and evapotranspiration -- water evaporation from soil and plants -- and their impact on natural ecosystems worldwide. This allowed them to determine the occurrence of multi-year droughts both in well-studied and less accessible regions of the planet, especially in areas like tropical forests and the Andes, where little observational data is available. "Our method not only mapped well-documented droughts but also shed light on extreme droughts that flew under the radar, such as the one that affected the Congo rainforest from 2010 to 2018," says Karger. This discrepancy is likely due to how forests in various climate regions respond to drought episodes. "While temperate grasslands have been most affected in the past forty years, boreal and tropical forests appeared to withstand drought more effectively and even displayed paradoxical effects during the onset of drought." But how long can these forests resist the harsh blow of climate change?

Contrasting impacts on ecosystems

The persistently rising temperatures, extended droughts, and higher evapotranspiration ultimately lead to dryer and browner ecosystems, despite also causing heavier precipitation episodes. Thus, scientists can use satellite images to monitor the effect of drought by tracking changes in vegetation greenness over time. While this analysis works well for temperate grasslands, the changes in greenness cannot be tracked as easily over dense tropical forest canopies, leading to underestimated effects of drought in such areas. Thus, to ensure consistent results worldwide, the team developed a multistep analysis that better resolves the changes in high-leaf regions and ranked the droughts by their severity since 1980. Unsurprisingly, they showed that megadroughts had the highest immediate impact on temperate grasslands. 'Hotspot' regions included the western USA, central and eastern Mongolia, and particularly southeastern Australia, where the data overlapped with two well-documented multi-year ecological droughts. On the other hand, the team shed additional light on the paradoxical effects observed in the tropical and boreal forests. While tropical forests can offset the expected effects of drought as long as they have enough water reserves to buffer the decrease in rainfall, boreal forests and tundra react in their distinct way. It turns out that the warming climate extends the boreal growth season since vegetation growth in these regions is limited by lower temperatures rather than water availability.

Droughts evolve in time and space

The results show that the trend of intensifying megadroughts is clear: The team generated the first global -- and globally consistent -- picture of megadroughts and their impact on vegetation at high resolution. However, the long-term effects on the planet and its ecosystems remain largely unknown. Meanwhile, the data already agrees with the observed widely greening pan-Arctic. "But in the event of long-term extreme water shortages, trees in tropical and boreal regions can die, leading to long-lasting damage to these ecosystems. Especially, the boreal vegetation will likely take the longest to recover from such a climate disaster," says Karger. Pellicciotti hopes the team's result will help change our perception of droughts and how to prepare for them: "Currently, mitigation strategies largely consider droughts as yearly or seasonal events, which stands in stark contrast to the longer and more severe megadroughts we will face in the future," she says. "We hope that the publicly available inventory of droughts we are putting out will help orient policymakers toward more realistic preparation and prevention measures." As a glaciologist, Pellicciotti also seeks to examine the effects of megadroughts in the mountains and how glaciers can buffer them. She leads a collaborative project titled "MegaWat -- Megadroughts in the Water Towers of Europe -- From Process Understanding to Strategies for Management and Adaptation."

Project and funding information The present study was conducted within the scope of the EMERGE Project of the Swiss Federal Institute for Forest, Snow, and Landscape Research (WSL) with Professor Francesca Pellicciotti from the Institute of Science and Technology Austria (ISTA) serving as its Principal Investigator. The research was supported by funding from the Extreme Program of the WSL for the EMERGE project.
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Quantum engineers 'squeeze' laser frequency combs to make more sensitive gas sensors | ScienceDaily
The trick to creating a better quantum sensor? Just give it a little squeeze.


						
For the first time ever, scientists have used a technique called "quantum squeezing" to improve the gas sensing performance of devices known as optical frequency comb lasers. These ultra-precise sensors are like fingerprint scanners for molecules of gas. Scientists have used them to spot methane leaks in the air above oil and gas operations and signs of COVID-19 infections in breath samples from humans.

Now, in a series of lab experiments, researchers have laid out a path for making those kinds of measurements even more sensitive and faster -- doubling the speed of frequency comb detectors. The work is a collaboration between Scott Diddams at CU Boulder Boulder and Jerome Genest at Universite Laval in Canada.

"Say you were in a situation where you needed to detect minute quantities of a dangerous gas leak in a factory setting," said Diddams, professor in the Department of Electrical, Computer and Energy Engineering. "Requiring only 10 minutes versus 20 minutes can make a big difference in keeping people safe."

He and his colleagues published their findings Jan. 16 in the journal Science. Daniel Herman, a postdoctoral researcher in ECEE, led the study.

While normal lasers emit light in just one color, frequency comb lasers send out pulses of thousands to millions of colors -- all at the same time. In the new study, the researchers used common optical fibers to precisely manipulate the pulses coming from those lasers. They were able to "squeeze" that light, making some of its properties more precise and others a little more random.

The research, in other words, represents a victory over some of the natural randomness and fluctuations that exist in the universe at very small scales.




"Beating quantum uncertainty is hard, and it doesn't come for free," Diddams said. "But this is a really important step for a powerful new type of quantum sensors."

Photon wrangling

The results represent the latest step in the evolution of frequency combs, a technology born at JILA, a joint research institute between CU Boulder and the National Institute of Standards and Technology (NIST). Diddams was part of a team led by JILA's Jan Hall that first pioneered frequency comb lasers in the late 1990s. Hall would go on to win a Nobel Prize in Physics for this work in 2005.

As these laser pulses travel through the atmosphere, for example, molecules in the way will absorb certain colors of light, but not others. Scientists can identify what's in the air based on what colors go missing from their laser light. Picture it a bit like a hair comb that's lost a few of its teeth -- hence, the name.

But those measurements also come with intrinsic uncertainties, Diddams said.

Light, he noted, is made up of tiny packets called photons. While lasers may look orderly from the outside, their individual photons are anything but.




"If you're detecting these photons, they don't arrive at a perfectly uniform rate like one per nanosecond," Diddams said. "Instead, they arrive at random times."

Which, in turn, creates what he calls "fuzziness" in the data coming back from a frequency comb sensor.

Enter quantum squeezing.

Giving the squeeze

In quantum physics, many properties are coupled so that measuring one precisely will make your measurements of the other less precise. A classic example is the speed and location of a small particle like an electron -- you can know where an electron is or how fast it's moving, but never both at the same time. Squeezing is a technique that maximizes one type of measurement at the expense of the other.

In a series of lab experiments, Diddams and his colleagues achieved that feat in a surprisingly simple way: They sent their pulses of frequency comb light through a normal optical fiber, not so different from what delivers internet to your home.

The structure of the fiber altered the light in just the right way so that photons from the lasers now arrived at a more regular interval. But that increase in orderliness came at a price. It became a little harder to measure the frequency of the light, or how the photons oscillated to produce specific colors.

That trade-off, however, allowed the researchers to detect molecules of gas with a lot fewer errors than before.

They tested the approach out in the lab using samples of hydrogen sulfide, a molecule that is common in volcanic eruptions and smells like rotten eggs. The team reported that it could detect those molecules around twice as fast with its squeezed frequency comb than with a traditional device. The researchers were also able to achieve this effect over a range of infrared light around 1,000 times greater than what scientists had previously accomplished.

The group still has work to do before it can bring its new sensor out into the field.

"But our findings show that we are closer than ever to applying quantum frequency combs in real-world scenarios," Herman said.

Diddams agreed: "Scientists call this a 'quantum speedup,'" he said. "We've been able to manipulate the fundamental uncertainty relationships in quantum mechanics to measure something faster and better."

Other CU Boulder co-authors of the new study included Professor Joshua Combes; graduate students Molly Kate Kreider, Noah Lordi, Eugene Tsao and Matthew Heyrich; and postdoctoral researcher Alexander Lind. Mathieu Walsh, a graduate student at Universite Laval, was also a co-author.

The work at CU Boulder was supported by the U.S. National Science Foundation through the Quantum Systems through Entangled Science and Engineering (Q-SEnSE) Quantum Leap Challenge Institute and by the Office of Naval Research.
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How climate change may alter hydrology of grassland ecosystems | ScienceDaily
New research co-led by the University of Maryland reveals that drought and increased temperatures in a CO2-rich climate can dramatically alter how grasslands use and move water. The study provides the first experimental demonstration of the potential impacts of climate change on water movement through grassland ecosystems, which make up nearly 40% of Earth's land area and play a critical role in Earth's water cycle. The study appears in the January 17, 2025, issue of the journal Science.


						
"If we want to predict the effects of climate change on Earth's water resources, we need data showing how the hydrologic cycle will respond at a small scale where we can define mechanisms, but that just hasn't been available," said Jesse Radolinski corresponding author of the study, a post-doctoral research associate in the UMD Department of Environmental Science & Technology who began the work at the University of Innsbruck. "Our experiments found that under summer drought conditions, and higher air temperatures that are expected under a future with elevated CO2, two things change fundamentally: One, the structural properties of the soil in the root zone change so that water flows differently than we expected, and two, these altered climate conditions and soil properties cause the plants to access water differently."

Currently, new rainfall tends to linger in the root zone where it mixes with existing soil water (i.e., previous rainfall) before percolating into local streams and rivers. Radolinski said this study suggests that under future climate conditions, intense rainfall may move more quickly through the soil into local water bodies, interacting less with this stored water and potentially bringing nutrients and pollutants with it. In addition, plants subjected to these future drought conditions conserve more water, releasing less back to the atmosphere through transpiration. That could mean less atmospheric cooling, triggering a feedback loop of more drought and more warming.

Radolinski and his colleagues conducted their experiment with the University of Innsbruck in open plots in an Austrian grassland. They simulated six different climate conditions by manipulating air temperature and CO2 levels, and introducing recurring drought with large, automatically deployed shelters that prevented natural rainfall from reaching the plots. When they simulated rainfall, they used water with a traceable isotope of hydrogen called deuterium, and then tracked its path through the plants and the soil.

Their results showed that after recurring droughts in plots with elevated CO2 and warming, the structure of pores in the soil changed so that older water could remain locked in smaller pores, while newer water flowed into larger pores that drained more quickly. In addition, the plants were effective at accessing the most readily available soil moisture and conserved water loss by releasing less to the atmosphere through transpiration. This may help plants adapt to water stress under future drought conditions, though more research is needed to tease out the effects on growth.

The study reveals that soil and plant water interactions could be much more complex than previously thought, with significant consequences for the ability of ecosystems to withstand and recover from drought. These insights will be critical in informing conservation strategies and managing ecosystems in a rapidly changing climate.

Radolinski completed his fellowship as a post-doctoral research associate in the laboratory of Dr. Gurpal Toor in January, 2025. The study was an international collaboration co-led by researchers at the University of Innsbruck.
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Polymer research shows potential replacement for common superglues with a reusable and biodegradable alternative | ScienceDaily
Researchers at Colorado State University and their partners have developed an adhesive polymer that is stronger than current commercially available options while also being biodegradable and reusable. The findings -- described in Science - show how the common, naturally occurring polymer P3HB can be chemically re-engineered for use as a strong yet sustainable bonding agent.


						
Adhesives are commonly used in automotives, packaging, electronics, solar cells and construction, among many other areas. Together they make up a roughly $50 billion industry that supports much of our modern life but also contributes to the mounting issue of plastic waste. The paper describes the team's work using experimental, simulation and process modeling to develop a replacement polymer.

The project was led by University Distinguished Professor Eugene Chen in the Department of Chemistry. Other partners on the paper include Gregg Beckham at the National Renewable Energy Laboratory and Professor Ting Xu at the University of California, Berkley and researchers from their groups.

Chen said that poly(3-hydroxybutyrate), or P3HB, is a natural, biobased and biodegradable polymer that can be produced by microbes under the right biological conditions. While the polymer is not adhesive when made that way, his lab was able to chemically re-engineer its structure to now deliver stronger adhesion than the common petroleum-derived, nonbiodegradable options when used on various substrates or surfaces such as aluminum, glass and wood. The adhesion strength of the re-engineered P3HB can also be tuned to accommodate different application needs.

The findings are part of a larger goal by Chen's group to improve and expand our ability to tackle the global plastics pollution crisis. His team is involved in many efforts to develop chemically recyclable, biodegradable and, overall, more sustainable alternatives to today's plastic materials. He said that while many people inherently recognize the life cycle issues that come with a disposable water bottle, adhesives present more daunting issues with fewer potential solutions.

"Petroleum-based thermoset adhesives such as Gorilla Glue and J-B Weld, along with thermoplastic hot melts, can be very difficult or even impossible to recycle or recover -- primarily because of their strong bonds to other materials," he said. "Our approach instead offers a biodegradable material that can be used in a variety of industries with tunable or even higher strength compared to those options."

Ethan Quinn is a Ph.D. student at CSU and served as a co-lead author on the paper with postdoctoral researcher Zhen Zhang. Quinn said he and Zhang led work around the creation and testing of the material.




"We developed a sample P3HB glue stick and were able to use it with a commercially available glue gun to test its application in sealing cardboard boxes and other properties on steel plates," Quinn said. "I knew the data supported it being stronger than other options, but I was shocked that we were able to show that it far out-performs typical hot-melt options -- holding up to 20 pounds in place compared to the 15 pounds an existing adhesive could not manage."

Chen said P3HB is biodegradable under a variety of instances, including managed and unmanaged environments. That means it will biodegrade naturally in landfills just as well as salty ocean water or soils, for example. That expands the range of possible options for dealing with the material at the end of its life cycle. The P3HB adhesive can also be recovered, reprocessed and reused.

The CSU team will now start work on ways to commercialize the polymer for broad use.

"We are working on two different approaches aiming for mass production, including ways to lower the overall cost and environmental impacts," Chen said. "The analysis performed by the NREL team has identified key areas where we could make improvements, and we will continue to work with the BOTTLE Consortium on those scaling efforts."
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This tiny galaxy is answering some big questions | ScienceDaily
Leo P, a small galaxy and a distant neighbor of the Milky Way, is lighting the way for astronomers to better understand star formation and how a galaxy grows.


						
In a study published in the Astrophysical Journal, a team of researchers led by Kristen McQuinn, a scientist at the Space Telescope Science Institute and an associate professor in the Department of Physics and Astronomy at the Rutgers University-New Brunswick School of Arts and Sciences, has reported finding that Leo P "reignited," reactivating during a significant period on the timeline of the universe, producing stars when many other small galaxies didn't.

By studying galaxies early in their formation and in different environments, astronomers said they may gain a deeper understanding of the universe's origins and the fundamental processes that shape it.

McQuinn and other members of the research team studied Leo P through NASA's James Webb Space Telescope, a space-based apparatus that features a large, segmented mirror and an expansive sunshield, both of which enable it to capture detailed images of distant celestial objects.

Leo P, a dwarf galaxy some 5.3 million light years from Earth, was discovered by McQuinn and other scientists in 2013. The celestial structure is far enough away from the Local Group, a clump of galaxies straddling the Milky Way, to be its neighbor without being affected by the gravitational fields of larger star systems.

The galaxy, located in the constellation Leo, is about the same size as a star cluster within the Milky Way and is about the same age as the Milky Way. The "P" in Leo P refers to "pristine," because the galaxy has so few chemical elements beside hydrogen and helium.

"Leo P provides a unique laboratory to explore the early evolution of a low-mass galaxy in detail," said McQuinn, who also is the mission head for the Science Operations Center for the Nancy Grace Roman Space Telescope at the Space Telescope Science Institute in Baltimore.




The team started by looking deeply into the past. Since the stars detected by the team with the telescope are about 13 billion years old, they can serve as "fossil records" of star formation that occurred at earlier times. "Essentially, instead of studying the stars in-situ [in their original positions] as they are forming in the early universe, we study the stars that have survived over cosmic history and use their present-day properties to infer what was occurring at earlier times," McQuinn said.

The team found that Leo P formed stars early on but then stopped making them for a few billion years. This stoppage happened during a period known as the Epoch of Reionization. It took a few billion years after the epoch for the galaxy to reignite and start forming new stars.

"We have a measurement like this for only three other galaxies -- all isolated from the Milky Way -- and they all show a similar pattern," McQuinn said.

Observations of the dwarf galaxies within the Local Group, however, show that, in contrast, star production disappeared during this period.

The Epoch, regarded by astronomers as a significant period in the history of the universe, occurred between about 150 million and one billion years after the Big Bang. It was during this period that the first stars and galaxies formed.

The contrast between the star production of the dwarf galaxies provides compelling evidence that it isn't just the mass of a galaxy at the time of reionization that determines whether it will be quenched, McQuinn said. Its environment -- meaning whether it is isolated or functioning as a satellite of a larger system -- is an important factor.




McQuinn said the observations will help pin down not only when little galaxies formed their stars, but how the reionization of the universe may have impacted how small structures form.

"If the trend holds, it provides insights on the growth of low-mass structures that is not only a fundamental constraint for structure formation but a benchmark for cosmological simulations," she said.

The researchers also found that Leo P is metal-poor, possessing 3% of the sun's metallicity. This means that the stars of the dwarf galaxy contain 30 times fewer heavy elements than the sun, which makes Leo P similar to the primordial galaxies of the early universe.

Knowledge gleaned from these observations will help astronomers piece together the timeline of cosmic events, understand how small structures evolved over billions of years and learn about the processes that led to the creation of stars, McQuinn said.

Other scientists from Rutgers on the study included Alyson Brooks, an associate professor; Roger Cohen, a postdoctoral associate; and Max Newman, a doctoral student, all with the Department of Physics and Astronomy.
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Large and small galaxies may grow in ways more similar than expected | ScienceDaily
A team of astronomers led by University of Arizona researcher Catherine Fielder has obtained the most detailed images of a small galaxy and its surroundings, revealing features typically associated with much larger galaxies. The observations provide a rare, elusive glimpse into how small galaxies form and evolve, suggesting that the mechanisms fueling galaxy growth may be more universal than previously thought.


						
Fielder presented the findings at the 245th meeting of the American Astronomical Society in National Harbor, Maryland, during a press briefing on Jan. 16.

Galaxies, including the Milky Way, grow and evolve by merging with smaller galaxies over billions of years in a process called hierarchical assembly. This cosmic "building block" approach has been well observed in large galaxies, where streams of ancient stars -- remnants of swallowed-up galaxies -- trace their turbulent history. These streams, along with other faint features such as old, scattered stars, form a so-called stellar halo: a sprawling, low-density cloud of stars that surrounds the bright central disk of a galaxy and traces its evolutionary history.

According to traditional wisdom, smaller galaxies such as the nearby Large Magellanic Cloud may have fewer opportunities to attract mass and merge with smaller systems, including other dwarf galaxies, because of their weaker gravitational pull. Understanding how such galaxies acquire mass and grow in the context of hierarchical assembly remains an open question.

The researchers used the Dark Energy Camera, or DECam, on the 4-meter Blanco Telescope in Chile's Cerro Tololo Inter-American Observatory to conduct a deep imaging survey of 11 dwarf galaxies, including the spiral galaxy NGC 300, which is similar in mass to the Large Magellanic Cloud. The observations were made as part of the DECam Local Volume Survey, or DELVE, and revealed unprecedented details of NGC 300's features. Spanning about 94,000 light-years, NGC 300's galactic disk is a little smaller than the Milky Way and packs only about 2% of its stellar mass.

"NGC 300 is an ideal candidate for such a study because of its isolated location," said Fielder, a research associate at the U of A Steward Observatory. "This keeps it free from the influential effects of a massive companion like the Milky Way, which affects nearby small galaxies like the Large Magellanic Cloud. It's almost a bit like looking at a cosmic 'fossil record.'"

Fielder and her collaborators created stellar maps around the small galaxy and discovered a vast stellar stream extending more than 100,000 light-years from the galaxy's center.




"We consider a stellar stream a telltale sign that a galaxy has accreted mass from its surroundings, because these structures don't form as easily by internal processes," said Fielder, whose findings will be published in The Astrophysical Journal.

In addition, the researchers found traces of stars arranged in shell-like patterns reminiscent of concentric waves emanating from the center of the galaxy, as well as hints of a stream wrap -- evidence that whatever caused the stream may have changed direction in its orbit around NGC 300.

"We weren't sure we were going to find anything in any of these small galaxies," she said. "These features around NGC 300 provide us with 'smoking gun' evidence that it did accrete something."

The team also identified a previously unknown, metal-poor globular star cluster in the galaxy's halo, another "smoking gun" of past accretion events.

When gauging the age of stellar populations, astronomers frequently turn to a feature known as "metallicity" -- a term referring to the chemical elements present inside stars. Because heavier elements are forged mostly in more massive stars at or near the end of their lifespans, it takes several generations of star formation to enrich those elements. Therefore, stellar populations lacking heavier elements -- or having low metallicity -- are presumed to be older, Fielder explained.

"The stars in the features we observed around NGC 300 are ancient and metal-poor, telling a clear story," Fielder said. "These structures likely originated from a tiny galaxy that was pulled apart and absorbed into NGC 300."

Together, these findings clearly reveal that even dwarf galaxies can build stellar halos through the accretion of smaller galaxies, echoing the growth patterns seen in larger galaxies, Fielder said.

"NGC 300 now stands as one of the most striking examples of accretion-driven stellar halo assembly in a dwarf galaxy of its kind, shedding light on how galaxies grow and evolve across the universe."
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Gene-edited soil bacteria could provide third source of nitrogen for corn production | ScienceDaily
If corn was ever jealous of soybean's relationship with nitrogen-fixing bacteria, advancements in gene editing could one day even the playing field. A recent study from the University of Illinois Urbana-Champaign shows that gene-edited bacteria can supply the equivalent of 35 pounds of nitrogen from the air during early corn growth, which may reduce the crop's reliance on nitrogen fertilizer.


						
"To replace all synthetic nitrogen would certainly be something. Maybe 100 years from now we will have found the microbes and genetic tweaks to get close to that goal, but these microbes are not there yet. However, we have to start somewhere, and this work demonstrates nitrogen-fixation for corn has potential," said study co-author Connor Sible, research assistant professor in the Department of Crop Sciences, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois.

Sible and his co-authors tested products from Pivot Bio called PROVEN and PROVEN(r) 40, which includes one or two species of soil bacteria, respectively, that can turn atmospheric nitrogen into plant-available forms. The edited versions boost the activity of a key gene involved in nitrogen fixation, making more of it available to plants. When applied at planting, the bacteria colonize plant roots, delivering the nutrient where it is needed most.

The company claims that biologically-fixed nitrogen can potentially replace the equivalent of up to 40 pounds per acre of fertilizer nitrogen.

"There is a lack of peer-reviewed published data to support this claim. There is also no research estimating the magnitude of nitrogen replacement values and when in the growth cycle that additional nitrogen is accumulated," said Logan Woodward, who completed the study as a doctoral student at Illinois. "Our objective was to fill those knowledge gaps."

The researchers applied the products at planting during three field seasons using standard agronomic practices for corn, including nitrogen fertilizer at 0, 40, 80, 120, or 200 pounds per acre. They then measured nitrogen in plant tissues at the V8 stage (eight fully-collared leaves) and at R1 (silk emergence), as well as grain yield at the end of each season. The dilution of plant and soil stable isotopic nitrogen showed that additional nitrogen uptake in the inoculated plots was from the atmosphere, supplementing the soil and fertilizer supply.

The analysis showed that, across all nitrogen fertilizer rates, the inoculant increased corn vegetative growth, nitrogen accumulation, kernel number, and yield by 2 bushels per acre on average. At the moderate nitrogen rates, yield was up by 4 bushels per acre. This was equivalent to 10-35 pounds of nitrogen per acre of fertilizer.

"The overall yield response was positive, but modest. The 35 pounds of fertilizer equivalent during early growth was down to about 10 by season's end," said senior study author Fred Below, professor in crop sciences. "Clearly, there is still a need to fertilize. You need enough nitrogen to build a happy and healthy plant, as a healthy plant can then produce the root sugars needed to feed the microbes. Without nitrogen, the plant cannot support itself nor the inoculated microbes, so the efficacy is quite diminished in the absence of some fertilizer nitrogen."

While the products as they are now cannot replace synthetic fertilizers, the research team thinks the technology shows promise and hopes it can be improved to deliver even greater benefits. Still, the products could be useful in certain applications today.

"Every farm has areas of the field where the soil does not provide enough nitrogen or the fertilizer was lost or unavailable, so a microbial inoculant to provide a third source of nitrogen could help," Sible said. "Sometimes corn fields receive 'insurance nitrogen' where an extra 20 pounds is supplied in case it is a year prone to nitrogen loss. Perhaps a nitrogen-fixing inoculant can reduce the need for those extra 20 pounds, and this could have a large impact when summed across all Corn Belt acres."
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Volcanic eruption caused Neolithic people to sacrifice unique 'sun stones' | ScienceDaily
4,900 years ago, a Neolithic people on the Danish island Bornholm sacrificed hundreds of stones engraved with sun and field motifs. Archaeologists and climate scientists from the University of Copenhagen can now show that these ritual sacrifices coincided with a large volcanic eruption that made the sun disappear throughout Northern Europe.


						
Throughout history, volcanic eruptions have had serious consequences for human societies such as cold weather, lack of sun, and low crop yields. In the year 43 BC when a volcano in Alaska spewed large quantities of sulphur into the stratosphere, harvests failed the following years in the countries around the Mediterranean, causing famine and disease. This is well-documented in written sources from ancient Greece and Rome.

We do not have written sources from the Neolithic. But climate scientists from the Niels Bohr Institute at the University of Copenhagen have analysed ice cores from the Greenland ice sheet and can now document that around 2,900 BC a similar volcanic eruption took place. An eruption that must have had equally devastating consequences for the Neolithic peoples who lived in Northern Europe at the time and who were deeply dependent on agriculture.

This new insight into a climate episode in the Neolithic period has led archaeologists from the University of Copenhagen, the National Museum of Denmark and the Museum of Bornholm to view their findings of so-called "sun stones" from the Neolithic Vasagard site on Bornholm in a new light, and they have just published a scientific article on the phenomenon in the journal Antiquity:

"We have known for a long time that the sun was the focal point for the early agricultural cultures we know of in Northern Europe. They farmed the land and depended on the sun to bring home the harvest. If the sun almost disappeared due to mist in the stratosphere for longer periods of time, it would have been extremely frightening for them," says archaeologist Rune Iversen from the University of Copenhagen, who has participated in the excavations at the site led by the Museum of Bornholm and the National Museum. He adds:

"One type of find that is completely unique to Bornholm is the so-called sun stones, which are flat shale pieces with engraved patterns and sun motifs. They symbolized fertility and were probably sacrificed to ensure sun and growth. Sun stones were found in large quantities at the Vasagard West site, where residents deposited them in ditches forming part of a causewayed enclosure together with the remains of ritual feasts in the form of animal bones, broken clay vessels, and flint objects around 2,900 BC. The ditches were subsequently closed."

Rune Iversen and his colleagues believe that there is a very high probability that there is a connection between the volcanic eruption, the subsequent climate changes and the discovery of the ritual sun stone sacrifices.




"It is reasonable to believe that the Neolithic people on Bornholm wanted to protect themselves from further deterioration of the climate by sacrificing sun stones -- or perhaps they wanted to show their gratitude that the sun had returned again."

Major cultural changes

As if an acute climate deterioration around 2,900 BC was not enough, Northern European Neolithic cultures were also affected by other disasters; New DNA studies of human bones have shown that the plague was very widespread and fatal.

During the same period when the Neolithic people were affected by both climate change and disease, archaeologists can also document a shift in the traditions they had held on to for a long time. The so-called Funnel Beaker Culture, which had been dominant until about 5,000 years ago with its characteristic ceramics and passage graves, was gradually disappearing.

"At the causewayed enclosure we have excavated on Bornholm, we can also see that, after the sacrifice of the sun stones, the residents changed the structure of the site so that instead of sacrificial ditches it was provided with extensive rows of palisades and circular cult houses. We do not know why, but it is reasonable to believe that the dramatic climatic changes they had been exposed to would have played a role in some way, Rune Iversen concludes.

Sun stones to be exhibited in Copenhagen

Four of the sun stones from Vasagard on Bornholm can be experienced from 28 January in the prehistoric exhibition at The National Museum of Denmark in Copenhagen. They probably exemplify one of the earliest depositional practices connected to a Neolithic sun-cult in South Scandinavia, which are also known from the Nordic Bronze Age with objects like the sun chariot.




"The sunstones are completely unique, also in a European context. The closest we get to a similar sun-cult in the Neolithic is some passage graves in southern Scandinavia or henge structures like Stonehenge in England, which some researchers associate with the sun. With the sun stones, there is in my mind no doubt. It is quite simply an incredible discovery, which demonstrates that depositions honouring the sun is an ancient phenomenon, which we encounter again in South Scandinavia during the climate disaster caused by a volcanic eruption in the year 536 AD, where several large gold hoards were deposited as sacrifices," says Lasse Vilien Sorensen, who is senior researcher at The National Museum of Denmark and co-author of the research paper.

Volcanic eruption 2,900 BC

The researchers can document reduced radiation from the sun and consequent cooling, which can be traced in both the United States and Europe around 2,900 BC.

Dendrochronological analyses of fossil wood show signs of frost in the spring and summer months both before and after 2,900 BC.

And ice cores from the Greenland ice cap and the Antarctica contain sulphur, which is a sign of the occurrence of a strong volcanic eruption.
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Asteroid impact sulfur release less lethal in dinosaur extinction | ScienceDaily
Previous studies have posited that the mass extinction that wiped the dinosaurs off the face of the Earth was caused by the release of large volumes of sulfur from rocks within the Chicxulub impact crater 66 million years ago. A new study by an international team led by Katerina Rodiouchkina (Lulea University of Technology Sweden, UGent and VUB in Belgium) questions this scenario. Using groundbreaking empirical measurements of sulfur within the related Cretaceous-Paleogene (K-Pg) boundary layer, the international team has demonstrated that the role of sulfur during the extinction has been overestimated.


						
Approximately 66 million years ago, the Chicxulub asteroid, estimated to be 10-15 kilometer in diameter, struck the Yucatan Peninsula (in current-day Mexico), creating a 200-kilometer-wide impact crater. This impact triggered a chain reaction of destructive events including a rapid climate change that eventually led to the extinction of the non-avian dinosaurs and in total about 75% of species on Earth. The main culprit is most likely the "impact winter," which was caused by massive release of dust, soot, and sulfur into the atmosphere, leading to extreme cold, darkness, and a collapse in global photosynthesis, with lasting effects on ecosystems for years to decades after impact.

Most previous studies considered sulfur as the most crucial factor in driving the cooling and extinction after the impact event. However, estimates of the volume of sulfate aerosols released from the vaporization of the impacted rocks in Mexico have varied widely over two orders of magnitude from one study to another. This is because such estimates are largely based on uncertain parameters, such as the proportion of sulfur-bearing rocks at the impact location, the size, velocity, and impact angle of the asteroid, and the resulting shock pressures of sulfur-bearing minerals.

In the new study, Katarina Rodiouchkina and colleagues used sulfur concentrations and isotopic compositions from new drill cores of impact rocks within the crater region, combined with detailed chemical profiles across K-Pg boundary sediments around the world. This way, the authors were able to empirically estimate, for the first time, the total amount of sulfur released into the atmosphere due to the Chicxulub asteroid impact event.

"Instead of focusing on the impact event itself, we focused on the aftermath of the impact ," explains chemist Katerina Rodiouchkina. "We first analyzed the sulfur fingerprint of the rocks within the crater region that were the source of sulfate aerosols released into the atmosphere. These sulfate aerosols distributed globally and were eventually deposited from the atmosphere back onto the Earth's surface in the months to years after impact. The sulfur was deposited around the K-Pg boundary layer in sedimentary profiles all over the world. We used the corresponding change in the isotopic composition of sulfur to distinguish impact-related sulfur from natural sources and the total amount of sulfur released was calculated through mass balance."

The scientists revealed that a total of 67 +- 39 billion tons of sulfur were released, approximately five times less than previously estimated in numerical models. This suggests a milder "impact winter" than previously believed, leading to a less severe temperature decline and faster climate recovery, which could have contributed to the survival of at least 25% of species on Earth following the event. While sulfur remains the primary driver of global cooling, it is important to note that a recent study by the Royal Observatory of Belgium and VUB suggests a massive plume of micrometer-sized fine dust may have played a crucial role in creating a two-year-long dark period, blocking photosynthesis and further compounding the environmental impacts.

The study was a collaboration between Lulea University of Technology, Ghent university (UGent), Vrije Universiteit Brussel (VUB), Royal Observatory of Belgium (ROB), Universite Libre de Bruxelles (ULB), Leibniz-Institute for Baltic Sea Research Warnemunde (IOW), University of Greifswald, University of Rostock, Australian Laboratory Services (ALS) Scandinavia AB, Katholieke Universiteit Leuven (KU Leuven), and the Royal Belgian Institute of Natural Sciences (RBINS). This research was supported by the Research Foundation Flanders (FWO) through the EOS-Excellence of Science program (project ET-HoME) and Hercules funding for the acquisition of a multi-collector ICP-mass spectrometer at UGent, VUB Strategic Research Program, Chicxulub BRAIN-be (Belgian Research Action through Interdisciplinary Networks) and the FED-tWIN project MicroPAST both through the Belgian Science Policy Office (BELSPO).
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        Imagining the physics of George R.R. Martin's fictional universe
        Researchers have derived a formula for viral behavior in the Wild Cards, a science fiction series written by a collection of authors about an alien virus called the Wild Card that mutates human DNA. The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

      

      
        Adults diagnosed with ADHD may have reduced life expectancies
        Adults who have been diagnosed with attention deficit hyperactivity disorder (ADHD) may be living shorter lives than they should, finds a new study.

      

      
        Curiosity- driven experiment helps unravel antibiotic-resistance mystery
        An international collaboration has achieved an important breakthrough in understanding the genetic mechanisms that allow bacteria to build resistance to drugs.

      

      
        Study shows anti-clotting drug reduced bleeding events in patients with atrial fibrillation
        Researchers evaluated a drug that represents a new class of anticoagulants known as Factor XI inhibitors for treating patients with atrial fibrillation as part of the AZALEA-TIMI 71 Study. The trial was stopped early by the recommendation of the Data Monitoring Committee due to an overwhelming reduction in bleeding compared to standard-of-care treatment.

      

      
        Significant rise in mental health admissions for young people in last decade
        There was a 65% increase in the number of children and young people being admitted to general acute medical wards in hospitals in England because of a mental health concern between 2012 and 2022, finds a new study.

      

      
        Researchers develop biomarker algorithm for noninvasive detection of Barrett's esophagus and esophageal cancer
        By studying biomarkers known to be involved in gastrointestinal cancers, researchers have developed a biomarker algorithm that, when combined with a noninvasive method to collect esophageal cells for study, could give clinicians insight into which patients have esophageal cancer or precancerous conditions such as Barrett's esophagus (BE) or high-grade dysplasia.

      

      
        T cells rise up to fight infections in the gut
        Pathogen-fighting immune cells called tissue-resident memory CD8 T cells (TRM cells) go through a surprising transformation -- and relocation -- as they fight infections in the small intestine.

      

      
        Researchers create new guidelines to diagnose common memory disorder frequently mistaken for Alzheimer's Disease
        New guidelines will help doctors identify patients with a common memory-loss syndrome that is often misdiagnosed as Alzheimer's disease in older adults. The diagnostic criteria for limbic-predominant age-related TDP-43 encephalopathy (LATE) have just been published. These guidelines are an important first step in advancing clinical trials and treatments for this lesser-known, but common type of memory loss disorder.

      

      
        PET probe images inflammation with high sensitivity and selectivity
        Researchers have developed a breakthrough method to detect inflammation in the body using positron emission tomography (PET) imaging. This innovative probe targets CD45, a marker abundantly expressed on all immune cells but absent from other cell types.

      

      
        A way for smartwatches to detect depression risks
        A international research team developed a digital biomarker for predicting symptoms of depression based on data collected by smartwatches.

      

      
        Exposure to stress during early pregnancy affects offspring into adulthood
        Maternal stress hormone levels during early pregnancy can have a lasting effect on the stress system of the offspring. The results of a long-term study on wild Assamese macaques in Thailand indicate that maternal stress in the first half of pregnancy is particularly relevant. Elevated stress hormones later during pregnancy or after birth did not have the same effects. The long-term study provides important insights into the influence of early life stages on the development of the stress system un...

      

      
        Drug candidate eliminates breast cancer tumors in mice in a single dose
        Despite significant therapeutic advances, breast cancer remains a leading cause of cancer-related death in women. Treatment typically involves surgery and follow-up hormone therapy, but late effects of these treatments include osteoporosis, sexual dysfunction and blood clots. Now, researchers have created a novel treatment that eliminated small breast tumors and significantly shrank large tumors in mice in a single dose, without problematic side effects.

      

      
        Hot or cold? How the brain deciphers thermal sensations
        Thermal sensations are consciously differentiated as hot or cold by the brain; however, the neural mechanism that enables this differentiation is not well understood. To address this, researchers have used electroencephalography to record brain activity during hot or cold stimuli. They found that while both temperatures activate the same ten cortical regions, their patterns of EEG across frequencies differ, influencing behavior. These findings contribute to developing objective methods for evalua...

      

      
        Green tea-based adhesive films show promise as a novel treatment for oral mucositis
        Oral mucositis is a painful condition in which the mucous membranes inside the mouth become inflamed. To help alleviate this, researchers have developed a mucoadhesive film using xyloglucan and antioxidant-rich green tea extract containing catechins. With its strong adhesive properties, the film directly adheres to the affected area. Made from accessible ingredients, this solution could provide localized relief and improve the quality of life for patients.

      

      
        Single-cell elemental analysis using Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
        Inductively coupled plasma mass spectrometry (ICP-MS) is prominently used for analyzing elemental composition in individual cells. However, the conventional sample introduction system of ICP-MS causes damage to large mammalian cells. Now, researchers suggest an efficient method of introducing mammalian cells using a microdroplet generator that maintains the cell's structure without compromising elemental composition. These findings can open new avenues for the diagnosis and prognosis of diseases.

      

      
        Researchers make breakthrough in bioprinting functional human heart tissue
        Researchers have developed a way of bioprinting tissues that change shape as a result of cell-generated forces, in the same way that it happens in biological tissues during organ development. The breakthrough science focused on replicating heart tissues, bringing research closer to generating functional, bioprinted organs, which would have broad applications in disease modelling, drug screening and regenerative medicine.

      

      
        New epilepsy tech could cut misdiagnoses by nearly 70% using routine EEGs
        Doctors could soon reduce epilepsy misdiagnoses by up to 70% using a new tool that turns routine electroencephalogram, or EEG, tests that appear normal into highly accurate epilepsy predictors, a study has found.

      

      
        Childhood epilepsy may predispose to memory disorders later in life
        Researchers demonstrated that individuals who had childhood epilepsy have an increased accumulation of brain amyloid later in life, potentially predisposing them to late-onset brain amyloid disorders, such as Alzheimer's disease.

      

      
        How your brain learns from rewards might hold the key to treating depression
        Using computational models, the researchers studied how the brain's reward-learning system functions in those with depression, especially among individuals experiencing anhedonia, the inability to feel pleasure. By analyzing dopamine-linked responses, they identified unique brain activity patterns that could help predict who is likely to recover.

      

      
        Study shows travelers are dreaming forward, not looking back
        When it comes to getting people to want to go places, the future is ever more lovely than the past, according to a new study. The study found that forestalgia-focused destination ads -- those that emphasize an idealized future -- are more effective at enticing travelers to click the purchase button for a vacation than ads based on fond recollections.

      

      
        SIDS discovery could ID babies at risk of sudden death
        New research revealing the fingerprints of Sudden Infant Death Syndrome within blood samples could open the door to simple tests to identify babies at risk.

      

      
        Copper-detection tool designed to discover possible chelation target for lung cancer
        Copper chelation shows promising results in certain lung cancers where cells have two related phenomena: a heightened transcription factor responding to oxidative stress and a diminished level of bioavailable copper. Copper imbalances have long been implicated in cancer cell growth and other disease states.

      

      
        Fighting experience plays key role in brain chemical's control of male aggression
        Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.

      

      
        Research shows PTSD, anxiety may affect reproductive health of women firefighters
        Investigators found negative mental health conditions among women firefighters may reduce levels of key hormone associated with ovarian reserve.

      

      
        Recommendations for studying the impact of AI on young people's mental health
        Experts highlight the need for a clear framework when it comes to AI research, given the rapid adoption of artificial intelligence by children and adolescents using digital devices to access the internet and social media.

      

      
        Can DNA-nanoparticle motors get up to speed with motor proteins?
        DNA-nanoparticle motors are exactly as they sound: tiny artificial motors that use the structures of DNA and RNA to propel motion by enzymatic RNA degradation. Essentially, chemical energy is converted into mechanical motion by biasing the Brownian motion. The DNA-nanoparticle motor uses the 'burnt-bridge' Brownian ratchet mechanism. In this type of movement, the motor is being propelled by the degradation (or 'burning') of the bonds (or 'bridges') it crosses along the substrate, essentially bias...

      

      
        New study uncovers key mechanism behind learning and memory
        A breakthrough study sheds new light on how brain cells relay critical information from their extremities to their nucleus, leading to the activation of genes essential for learning and memory.

      

      
        Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state
        A new study has identified a group of neurons that, when activated, can induce a hypometabolic state, akin to hibernation. The discovery could have far-reaching implications for conditions like obesity, cardiometabolic diseases, and even for space travel. The research team found that these neurons regulate key aspects of the brain-heart-gut axis.

      

      
        New paper creates roadmap for the next generation of bioelectronic medicine
        A new paper led by Professor Imanuel Lerman of UC San Diego provides a review of the field of bioelectronic medicine and the most promising opportunities for life-changing new therapies and diagnostics.

      

      
        Simplified redesign of proteins to improve ligand binding
        The ability to alter proteins to refine control over binding affinity and specificity can create tailored therapeutics with reduced side effects, highly sensitive diagnostic tools, efficient biocatalysis, targeted drug delivery systems and sustainable bioremediation solutions. However, various approaches to such protein redesign have time-consuming drawbacks. Researchers now offer a simplified method they call ProteinReDiff that uses artificial intelligence to speed the redesign of ligand-binding...

      

      
        Building sentence structure may be language-specific
        Do speakers of different languages build sentence structure in the same way? In a neuroimaging study, scientists recorded the brain activity of participants listening to Dutch stories. In contrast to English, sentence processing in Dutch was based on a strategy for predicting what comes next rather than a 'wait-and-see' approach, showing that strategies may differ across languages.

      

      
        Seeing the unseen: New method reveals 'hyperaccessible' window in freshly replicated DNA
        A team has unearthed new findings about what happens during the minutes and hours after a cell divides, expanding our understanding of human biology -- and potentially leading to better medicines.

      

      
        'Unprecedented' level of control allows person without use of limbs to operate virtual quadcopter
        A brain-computer interface, surgically placed in a research participant with tetraplegia, paralysis in all four limbs, provided an unprecedented level of control over a virtual quadcopter -- just by thinking about moving his unresponsive fingers.

      

      
        HKU research identifies PICH protein as key player in preventing chromosome breakage linked to cancer
        Researchers have made an exciting discovery about how human cells protect DNA during cell division, offering new insights into combating diseases such as cancer. The research uncovers the vital role of a protein called PICH in preventing genetic errors that can lead to diseases such as cancer.

      

      
        Shorter, smarter, safer: Short-course antibiotics can revolutionize healthcare
        Antibiotic overuse is a key driver in the rise of antimicrobial resistance (AMR), a major global health crisis. Researchers have provided compelling evidence that short-course antibiotic treatments can be a game-changer in tackling ventilator-associated pneumonia (VAP), a serious infection common in critically ill patients.

      

      
        A team with diverse expertise produces novel ideas -- but are they practical?
        A first-of-its-kind study shows that while teams with differing skill sets and perspectives bring fresh, unique ideas to the table, they often struggle to create practical, workable solutions -- raising important questions for managers and businesses worldwide.

      

      
        Little birds, little poops, little food safety risk
        Smaller poops from smaller birds carry very low risk of foodborne pathogens on farms, finds a new study.

      

      
        Structural insights reveal drug target in trypanosome parasites
        Trypanosomes are parasites that cause sleeping sickness, Chagas disease, and various animal diseases. Diagnosis and treatment remain complex and no effective vaccine has been developed. A better understanding of the molecular processes in the parasite is fundamental to the development of novel effective drugs. Scientists have now characterized an important protein complex -- the nuclear cap-binding complex -- that is vital for trypanosomes, since it binds to the end of each of the parasites' mRNA...

      

      
        Antibiotics, vaccinations and anti-inflammatory medication linked to reduced risk of dementia
        Antibiotics, antivirals, vaccinations and anti-inflammatory medication are associated with reduced risk of dementia, according to new research that looked at health data from over 130 million individuals.

      

      
        Why our biological clock ticks: Research reconciles major theories of aging
        Two major theories of aging both involve DNA, but in very different ways. Researchers have revealed that these theories may not be so different after all.

      

      
        Telephone therapy reduces fatigue interference with activities, mood and cognition for metastatic breast cancer survivors
        A clinical trial demonstrates the effectiveness of telephone-delivered acceptance and commitment therapy (ACT) in reducing fatigue's interference with functioning and improving the quality of life for survivors of metastatic breast cancer. The ACT intervention helped study participants to fall asleep with greater ease. Fatigue remains a significant challenge for these survivors, affecting up to 63 percent of patients and severely impacting daily functioning.

      

      
        Brain immune cells may also be from 'Mars and Venus'
        Researchers find that microglia function differently in males versus females, potentially having broad implications for how neurological diseases are studied.

      

      
        Treatment for children with obesity has lasting effect
        When children with obesity undergo weight-loss treatment, the effects have repercussions later in life and the risk of serious health problems and premature death is lower as they reach young adulthood. However, this is not the case for depression and anxiety, a study reports.

      

      
        Violence on TV: What happens to children who watch?
        Boys exposed to violent screen content in the preschool years were more likely to become antisocial and violent themselves a decade later, in their mid-teens, a new study shows.

      

      
        Inflammation may explain stomach problems in psoriasis sufferers
        People with the skin condition psoriasis often have invisible inflammation in the small intestine with an increased propensity for 'leaky gut', according to new research. These changes in the gut could explain why psoriasis sufferers often have gastrointestinal problems and are more prone to developing Crohn's disease.

      

      
        Global trust in science remains strong
        A global survey spanning 68 countries reveals that public trust in scientists is still high. A team of 241 researchers conducted the largest post-pandemic study of trust in science, societal expectations and public views on research priorities.

      

      
        Scientists uncover structure of critical component in deadly Nipah virus
        Researchers have profiled the molecular structure and features of a key part of the deadly Nipah virus. Experiments in cells showe how changes in the viral polymerase -- a protein involved in viral replication -- can alter the virus's ability to make copies of itself and infect cells. Further analysis revealed parts of the Nipah virus polymerase that may render the pathogen susceptible to drugs.

      

      
        Ancient viral DNA shapes early embryo development
        Over half of our genomes consists of thousands of remnants of ancient viral DNA, known as transposable elements, which are widespread across the tree of life. Once dismissed as the 'dark side' of the genome, researchers have now revealed their crucial role in early embryo development.

      

      
        New study paves way for immunotherapies tailored for childhood cancers
        Researchers have determined how children's immune systems react to different kinds of cancer depending on their age. The study reveals significant differences between the immune response of children and adults, and has the potential to lead to new tailored treatments for children with cancer.

      

      
        Fatty muscles raise the risk of serious heart disease regardless of overall body weight
        People with pockets of fat hidden inside their muscles are at a higher risk of dying or being hospitalized from a heart attack or heart failure, regardless of their body mass index, according to new research. This 'intermuscular' fat is highly prized in beef steaks for cooking. However, little is known about this type of body fat in humans, and its impact on health. This is the first study to comprehensively investigate the effects of fatty muscles on heart disease. The new finding adds evidence ...
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Imagining the physics of George R.R. Martin's fictional universe | ScienceDaily
Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.


						
In independent research published in the American Journal of Physics, from AIP Publishing, Tregillis and George R.R. Martin derive a formula for viral behavior in the Wild Cards universe. 

Wild Cards is a science fiction series written by a collection of authors and edited by Martin and Melinda M. Snodgrass. Sitting at over 30 volumes, the books are about an alien virus called the Wild Card that mutates human DNA. Martin is credited as a co-author of the paper, making it his first peer-reviewed physics publication.

The idea to explore the science behind the fictional virus came from a series of blog posts on the Wild Cards website.

"Like any physicist, I started with back-of-the-envelope estimates, but then I went off the deep end. Eventually I suggested, only half-jokingly, that it might be easier to write a genuine physics paper than another blog post," Tregillis said. "Being a theoretician, I couldn't help but wonder if a simple underlying model might tidy up the canon."

The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

Tregillis shared that deriving this physical model was a fun but open-ended puzzle. After some trial and error of models based on fractals or thermodynamic analogies, he and Martin settled on the Lagrangian approach.

"We translated the abstract problem of Wild Card viral outcomes into a simple, concrete dynamical system. The time-averaged behavior of this system generates the statistical distribution of outcomes," he said.

While the Wild Card virus can be modeled by physics, Tregillis emphasized that it isn't a hard-and-fast rule in the canon.

"Good storytelling is about characters: their wants, needs, obstacles, challenges, and how they interact with their world," Tregillis said. "The fictional virus is really just an excuse to justify the world of Wild Cards, the characters who inhabit it, and the plot lines that spin out from their actions."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250123113100.htm
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Adults diagnosed with ADHD may have reduced life expectancies | ScienceDaily
Adults who have been diagnosed with attention deficit hyperactivity disorder (ADHD) may be living shorter lives than they should, finds a world-first study led by UCL researchers.


						
The research, published in The British Journal of Psychiatry, analysed anonymised primary care data from 30,029 adults across the UK with diagnosed ADHD.

They then compared this group with 300,390 participants without ADHD, who were matched by age, sex, and primary care practice.

The researchers found an apparent reduction in life expectancy for men with diagnosed ADHD of between 4.5 and 9 years, and between 6.5 and 11 years for women.

Senior author, Professor Josh Stott (UCL Psychology & Language Sciences), said: "It is deeply concerning that some adults with diagnosed ADHD are living shorter lives than they should.

"People with ADHD have many strengths and can thrive with the right support and treatment. However, they often lack support and are more likely to experience stressful life events and social exclusion, negatively impacting their health and self-esteem."

The study also found that fewer than one in nine adults with ADHD had been diagnosed -- meaning that only a fraction of the total population of adults with ADHD could be studied.




Professor Stott added: "We know from studies of traits in the community and from studies of childhood diagnosis that the rate of ADHD in our sample is just a fraction of what it should be."

People with ADHD experience differences in the way they focus their attention. They often have high energy and an ability to focus intensely on what interests them. However, they may find it difficult to focus on mundane tasks.

This can lead to more impulsiveness, restlessness, and differences in planning and time management, which may make it harder to succeed at school and work, leading to longer-term challenges. ADHD is present from childhood and is increasingly recognised to persist in adults.

ADHD is under-treated in adults in the UK compared to in other high-income countries, and support is under-resourced.

This is the first time that researchers have estimated the life expectancy of UK adults diagnosed with ADHD.

However, they note that because ADHD often goes undiagnosed -- especially in adults -- the new research may over-estimate the reduction in life expectancy experienced by people with ADHD on average.




Lead author, Dr Liz O'Nions (UCL Psychology & Language Sciences and Bradford Institute for Health Research), said: "Only a small percentage of adults with ADHD have been diagnosed, meaning this study covers just a segment of the entire community.

"More of those who are diagnosed may have additional health problems compared to the average person with ADHD. Therefore, our research may over-estimate the life expectancy gap for people with ADHD overall, though more community-based research is needed to test whether this is the case."

At present, there is a lack of specialist services to support adults with ADHD in the UK.

For example, a previous national survey of adults aged 16-64 found that a third of those with ADHD traits were in receipt of medication or counselling for a mental health problem, compared to 11% of people without ADHD.

Nearly 8% of people who screened positive for ADHD reported that they had requested a particular mental health treatment in the past 12 months but had not received it, compared to only 1% of those who did not screen positive.

This suggests that adults with ADHD are presenting to services, but services are not equipped to support them, even though the impact of ADHD and need to identify and treat it is recognised in NHS guidelines.

This is a leading concern, as treatment and support for ADHD is associated with better outcomes, such as reduced mental health problems and substance use.

Dr O'Nions said: "Although many people with ADHD live long and healthy lives, our finding that on average they are living shorter lives than they should indicates unmet support needs. It is crucial that we find out the reasons behind premature deaths so we can develop strategies to prevent these in future."

Study limitations

The study data meant that the researchers did not have information regarding cause of death, so it was not possible to attribute years of lost life to different causes.

A lack of specialist services for adult ADHD assessment in the UK also means that diagnosed adults may overrepresent those who have co-occurring mental health and/or neurodevelopmental conditions, which could confound the results and lead to an overestimation of years-of-life-lost.

The present findings may not generalise to other countries, time periods, or settings.
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Curiosity- driven experiment helps unravel antibiotic-resistance mystery | ScienceDaily
An international collaboration has achieved an important breakthrough in understanding the genetic mechanisms that allow bacteria to build resistance to drugs.


						
Bacteria have multiple defence mechanisms they can use to build resistance to antibiotics, one of the major problems facing public health globally.

One of these mechanisms involves plasmids, small DNA molecules in bacterial cells, which have their own independent genome and carry antibiotic resistance.

If we can work out the roles plasmids play inside bacteria, then we can use the information to develop a new generation of therapeutics that can target drug resistant infections.

John Innes Centre researchers and partners used a model plasmid called RK2 that is used globally to study clinically relevant plasmids that transmit antimicrobial resistance.

Their initial focus was a molecule called KorB which is essential for plasmids to survive within their bacterial hosts. This DNA-binding protein was previously known to have played a role in controlling gene expression but how this happens was unclear.

To figure this out they teamed up with leading experts from Madrid, New York and Birmingham, UK..




Using advanced microscopy and protein crystallography techniques, the research team discovered that KorB interacts with another molecule called KorA. This KorB-KorA regulatory system shuts down bacterial gene expression, KorB acting as a DNA sliding clamp and KorA as a lock which holds KorB in place.

Together this complex shuts off gene expression to keep the plasmid safe within its bacterial host.

This newly discovered mechanism offers a fresh insight into long-range gene silencing in bacteria. This is the phenomenon by which regulatory elements such as the KorB-KorA complex can interact with distant target genes, in this case switching them off so that the plasmid can survive in the bacterial host.

First author of the study Dr Thomas McLean, a postdoctoral researcher at the John Innes Centre, says the discovery is a triumph of curiosity-driven science: "Originally this project set out to focus on KorB. Then a lucky "Friday afternoon" experiment, which was done purely of curiosity, brought our focus onto the ability for KorA to clamp KorB in the right place at the right time. This was a huge breakthrough that drastically changed the direction of the project. Our study provides a new paradigm for bacterial long-range gene regulation and offers a target for novel therapeutics to destabilise plasmids in their host and re-sensitise them to antibiotics."

The study solves a decades long conundrum in the field, of how the critical protein KorB controls when genes are switched on and off in the multi-drug-resistant plasmid RK2 in bacteria.

The research is being expanded to include more clinically relevant plasmids and to probe further into the KorB-KorA mechanism to see how it disassembles at the correct time.

KorB switching from DNA-sliding clamp to repressor mediates long-range gene silencing in a multi-drug resistance plasmid is in Nature Microbiology.
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Study shows anti-clotting drug reduced bleeding events in patients with atrial fibrillation | ScienceDaily
Patients with atrial fibrillation are typically prescribed an anticoagulant, or blood thinner, to reduce the risk of stroke, but many may discontinue them or never receive a prescription due to concerns of increased risk of bleeding complications. Researchers from Mass General Brigham evaluated a drug that represents a new class of anticoagulants known as Factor XI inhibitors for treating patients with atrial fibrillation as part of the AZALEA-TIMI 71 Study. The trial was stopped early by the recommendation of the Data Monitoring Committee due to an overwhelming reduction in bleeding compared to standard-of-care treatment. The researchers report in the New England Journal of Medicinethat abelacimab, a Factor XI inhibitor, significantly reduced bleeding compared to a standard-of-care anticoagulant, rivaroxaban.


						
"It should be enormously satisfying to the cardiovascular field, patients and providers that Factor XI inhibitors live up to their promise of superior safety," said Christian Ruff, MD, MPH, director of General Cardiology within the Cardiovascular Division at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, senior investigator in the TIMI Study Group and principal investigator of the AZALEA-TIMI 71 Study. "Atrial fibrillation is a common medical condition, and bleeding with currently available anticoagulants resulting in significant undertreatment is still one of the greatest shortcomings in cardiovascular disease."

About 1-in-3 people will develop atrial fibrillation, making it one of the most common cardiovascular conditions in the world. The risk of stroke increases significantly in patients with atrial fibrillation because blood clots form in the heart chambers and can be pumped to the brain, causing a stroke.

The AZALEA-TIMI 71 Study is the largest and longest trial examining a Factor XI inhibitor compared to standard of care direct oral anticoagulants to date. The team enrolled 1,287 participants in 95 study sites across the globe. Participants were randomized and administered monthly injections of 150 mg abelacimab, 90 mg abelacimab, or standard dosing of rivaroxaban (20 mg or 15 mg in dose reduced patients). The team found that the 150 mg dose of abelacimab reduced bleeding that required hospitalization or medical attention by 62%, compared with rivaroxaban. The 90 mg dose of abelacimab reduced the same types of bleeding by 69%. In addition, the team found that both doses of abelacimab almost eliminated gastrointestinal bleeding compared to rivaroxaban, which is the most common type of bleeding that occurs in patients on currently available anticoagulants.

The team notes that in the AZALEA-TIMI 71 Study, the rates of stroke were low and there were not any significant differences between patients in the abelacimab groups compared to those taking rivaroxaban, although the trial was not powered for ischemic events.

The TIMI Study Group is leading an ongoing phase 3 trial of the study, LILAC-TIMI 76, which will compare the 150 mg dose of abelacimab to placebo in high-risk atrial fibrillation patients who have been deemed ineligible for current anticoagulants for the prevention of ischemic stroke and systemic embolism.

"The AZALEA-TIMI 71 Study validated that Factor XI inhibitors have an incredibly safe bleeding profile in patients with atrial fibrillation, which is a tremendous potential advance for our patients," said Ruff. "Now we can shift our attention as we await the results of the phase 3 trials."
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Significant rise in mental health admissions for young people in last decade | ScienceDaily
There was a 65% increase in the number of children and young people being admitted to general acute medical wards in hospitals in England because of a mental health concern between 2012 and 2022, finds a new study led by UCL researchers.


						
The study, published in The Lancet Child and Adolescent Health journal and funded by the National Institute for Health and Care Research (NIHR) and the NIHR Great Ormond Street Hospital Biomedical Research Centre (NIHR GOSH BRC), analysed data on all admissions of five- to 18-year-olds to medical wards in England from April 1st 2012 to March 31st 2022.

General acute medical wards are specialised hospital wards designed to provide rapid assessment, treatment, and care for patients. These units serve as a bridge between the emergency department, general practitioners, and other hospital wards and are separate to specialised mental health wards such as eating disorder units.

Children and young people are most commonly admitted to general wards from Accident and Emergency because they are too unwell, or it is not safe, for them to go home.

The researchers found that over the course of 10 years, mental health admissions increased from 24,198 to 39,925 (a 65% increase). This was in comparison to just a 10.1% increase in all cause admissions -- which rose from 311,067 to 342,511.

Increases in admissions were greatest among girls aged 11-15, rising from 9,091 to 19,349 (112.8% increase), and for eating disorders, rising from 478 to 2,938 (514.6% increase).

This study is the first to analyse national trends in mental health admissions of children and young people to acute medical wards. As the study looked at admissions of up to 18 years of age, the acute medical wards included both children's wards and adult wards.




Senior author, Dr Lee Hudson (UCL Great Ormond Street Institute of Child Health and Great Ormond Street Hospital) said: "Over the past decade, we've observed a significant rise in mental health admissions among children and young people to acute medical wards. Although there has been attention paid to increased referrals to community mental health services and inpatient mental health settings, admissions to general acute medical settings feels like a piece of the jigsaw missing in the story.

"Acute medical wards are important places for caring for young people with mental health concerns -- especially those with co-existing physical health problems like starvation from an eating disorder.

"However, the increased intensity we describe is presenting real challenges for acute wards, both for patients and their families and the staff supporting them. They may not be set up with an appropriate ward environment for this care, and sometimes staff working there need more training and support with relevant skills. This calls for better co-working between physical and mental health professionals across hospital and community teams, including, for example, adequate provision of psychiatrists and mental health trained nurses to support physical medical care on the actual ward."

The researchers were unable to pinpoint the reasons behind the dramatic increase in mental health admissions in their study from this national level data, but are now in the process of collating more detailed data on reasons for admissions from a selection of children's wards in England, alongside interviewing young people, their families and staff working on wards.

From this, they hope to better understand the needs and problems for these admissions to guide appropriate and effective interventions and improvements.

Dr Hudson said: "At a bigger level, we are all currently grappling with and trying to figure out why more and more young people are suffering with their mental health but it's likely the bigger background prevalence of mental health problems, and possibly increased severity of individual cases, leading to increased presentations to hospitals that require an emergency admission to a general ward because it is not safe for the patient to go home.




"Our findings also show that these increases are not solely down to the COVID-19 pandemic, as there have been year on year increases in numbers of admissions since 2012. This is an issue that appears to now be core business for acute wards, and isn't going to go away, so a focus on improving care is essential. We hope this study and our future work will help with this.

"Beyond that, it is of course crucial to understand the factors driving these presentations to better support the mental health of young patients."

A recent report from the Health Services Safety Investigations Body (HSSIB), an independent patient safety organisation, highlighted multiple concerns associated with these admissions. For example, 13 out of 18 paediatric units surveyed by the HSSIB described their ward environment as "not safe" for caring for children and young people with high-risk behaviours related to mental health concerns.

Issues raised included a lack of resources to provide therapeutic engagement for children and young people, challenges related to the physical ward space, difficulties managing children and young people who require sedation, and concerns regarding the impact of these admissions on other patients and staff morale. Work is ongoing around the country to address these issues, and researchers hope that their study will highlight the urgent need for better integration of acute, mental health, and social care services to support children and young people admitted with mental health concerns.

By improving coordination and planning, they hope it will be possible to ensure that young patients receive the comprehensive care they need, both in hospital and in the community.

Study limitations

The study's limitations include potential underestimation of mental health admissions due to variations in diagnostic coding and the inability to describe the level of care or use of the Mental Health Act. Additionally, the study could not differentiate between admissions to paediatric or adult wards, nor account for changes in admission criteria during the pandemic.

Further research in the MAPS project currently collecting more detailed information on admissions in a set of hospitals in England, and interviews with children, families and staff experiences aims to address some of this missing information.
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Researchers develop biomarker algorithm for noninvasive detection of Barrett's esophagus and esophageal cancer | ScienceDaily
By studying biomarkers known to be involved in gastrointestinal cancers, researchers at the Johns Hopkins Kimmel Cancer Center and the Johns Hopkins University School of Medicine have developed a biomarker algorithm that, when combined with a noninvasive method to collect esophageal cells for study, could give clinicians insight into which patients have esophageal cancer or precancerous conditions such as Barrett's esophagus (BE) or high-grade dysplasia. Typically, such determinations are made by endoscopy, an invasive procedure performed with patients under anesthesia.


						
The method, if validated in further study, potentially could be used as a reflex test to indicate which patients should have endoscopy for a definitive diagnosis. A description of the work was published Jan. 17 in the American Journal of Gastroenterology.

"Our study used a methodically rigorous process to identify biomarkers, and we believe this represents the first study to select biomarkers for Barrett's esophagus, esophageal adenocarcinoma and high-grade dysplasia in this fashion," says senior study author Stephen Meltzer, M.D., professor of medicine and oncology and the Harry and Betty Myerberg/Thomas R. Hendrix Professor in Gastroenterology at the Johns Hopkins University School of Medicine. He is also an American Cancer Society clinical research professor. "Our algorithm included methylation of the genes USP44, TBC1D30 and NELL1, which have been well studied as diagnostic markers in cancers and in cancer biology."

Methylation is a chemical process that can impact gene expression and may play a role in cancer development. USP44 was previously demonstrated to be a marker of prostate, liver and colorectal cancers. TBC1D30 also has been shown to be highly methylated in colorectal cancer. NELL1 has been shown to be a diagnostic marker of both Barrett's esophagus and colorectal cancer, and hypermethylation of NELL1 has been implicated in the genesis of gastric, kidney and lung cancers.

During the study, investigators queried six datasets within the Gene Expression Omnibus database for biomarkers that were at least 30% methylated in BE but less than 5% methylated in normal tissues. They identified 30 candidate biomarkers for further study. Subsequent laboratory testing using methylation-based polymerase chain reaction selected 12 of these biomarkers as demonstrating significantly higher methylation levels in BE than in normal tissues.

Next, the researchers chose seven of these 12 biomarkers (GRAMD1B, USP44, HOXB13, A1BG, SPX, TBC1D30 and eg00720137), plus an additional five biomarkers (CDH13, FLT3, NELL1, TAC1 and SSTI) identified in their previous studies, for more analyses. First, they evaluated the biomarkers in 21 archived normal-Barrett's tissue pairs from patients with BE. Then, they assessed the biomarkers in 234 nonendoscopic esophageal sponge samples collected from patients with BE as well as control (other) patients having endoscopy at Johns Hopkins, the Allegheny Health Network in Pittsburgh or Erasmus University in the Netherlands. This cohort included 78 people with a normal esophagus, 77 with BE, 12 with high-grade dysplasia, five with low-grade dysplasia, one with indeterminate dysplasia and 61 with esophageal adenocarcinoma.

To obtain these samples, participants were asked to swallow a small sponge compressed in a gelatin capsule that has a string attached to it. After the capsule makes its way to the bottom of the esophagus, its gelatin coating dissolves, allowing the sponge to expand. Then, a clinician pulls gently on the string to retrieve the sponge, which collects cells from the esophagus on the way back up.




Samples were taken immediately before endoscopy or during outpatient follow-up within three months after endoscopy. All participants had a confirmed diagnosis of esophageal cancer, BE or high-grade dysplasia, or a biopsy showing absence of these conditions. The median age of participants was 65. Most were male (66%) and from the United States (82%).

Investigators split the samples collected from the sponges into a training set of 199 samples and a test set of 35 samples. All 12 biomarkers were tested in the 199 samples. Based on the training set results, investigators designed a three-biomarker algorithm using USP44, TBCD1D30, NELL1, age and sex. This algorithm yielded an area under the curve (AUC) of nearly 0.97 in identifying healthy tissue versus esophageal cancer and high-grade dysplasia, meaning that it performed very well. Extending the ability to identify healthy control patients versus patients with Barrett's esophagus and high-grade dysplasia or esophageal cancer combined, the AUC was 0.86, which Meltzer says is also good.

"The goal with this sponge-biomarker test is not to provide a definitive diagnosis," says Meltzer, who directs the GI Early Detection Biomarkers Laboratory at Johns Hopkins "Rather, it's to inform them that they may need an endoscopy, because their methylation test results were abnormal."

The incidence of esophageal cancer has increased fivefold in the Western population during the past 40 years, Meltzer says, and it is now the eighth most common cancer and sixth most frequent cause of cancer-related death worldwide. It is estimated that about 5%-12% of patients with gastroesophageal reflux disease (GERD) have BE. The exact number is not known because most BE goes undiagnosed, he says.

"With esophageal adenocarcinoma being the leading esophageal cancer type in the United States, there is an urgent need to apply these markers in a large-scale screening study to assess whether the test can improve detection of Barrett's esophagus and esophageal adenocarcinoma and ultimately help improve survival of these patients, which this study provides impetus for," Meltzer says.

Study coauthors were Andrew Kalra, Ke Ma, Yulan Cheng, Leslie Cope, Yifan Yang, Simran Jit, Yousra Ahmed, Shayan Gheshlaghi, Vincent Castillo, Russell Hales, Vincent Lam, Kristin Marrone, Ken Hui, Michelle Ma, Robert Hughes, Venkata Akshintala, Kathy Bull-Henry, Jinny Ha, Karim Boudadi, Zachariah Foda, Richard Battafarano, Mouen Khashab, Eun Ji Shin, Olaya Brewer Gutierrez and Saowanee Ngamruengphong of Johns Hopkins. Other researchers contributing to the work were from the Allegheny Health Network, Thomas Jefferson University in Philadelphia, Jefferson Einstein Philadelphia Hospital, Eastern Virginia Medical School in Norfolk and Previse in Baltimore (manufacturer of the sponge test).
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T cells rise up to fight infections in the gut | ScienceDaily
Your gut is a battleground. The cells that line your small intestine have to balance two seemingly contradictory jobs: absorbing nutrients from food, while keeping a wary eye out for pathogens trying to invade your body.


						
"This is a surface where pathogens can sneak in," says La Jolla Institute for Immunology (LJI) Assistant Professor Miguel Reina-Campos, Ph.D. "That's a massive challenge for the immune system."

So how do immune cells keep the gut safe? New research led by scientists at LJI, UC San Diego, and the Allen Institute for Immunology shows that pathogen-fighting immune cells called tissue-resident memory CD8 T cells (TRM cells) go through a surprising transformation -- and relocation -- as they fight infections in the small intestine.

In fact, these cells literally rise up higher in the tissue to fight infections before pathogens can spread to deeper, more vulnerable areas.

"The tissue in the gut has evolved to provide signals to immune cell infiltrates -- to put immune cells in specific places so they have a better ability to stop pathogens," says Reina-Campos, who served as first author of the new Nature study alongside co-first author Alexander Monell of UC San Diego and co-senior authors Maximilian Heeg, M.D., and Ananda W. Goldrath, Ph.D., of the Allen Institute for Immunology and UC San Diego.

The new findings add to the growing body of evidence that immune cells adapt to protect specific tissues. Reina-Campos thinks these "tissue-resident" immune cells may be key players in future cancer immunotherapies that target tumors in specific organs.

T cells on the move

Reina-Campos and his colleagues investigated the formation of TRM cells in the small intestine. The team harnessed a cutting-edge technology called spatial transcriptomics to track these cells in both human and mouse tissue samples.




Their work showed that the small intestine holds two types of TRM cells. These cells are split between the tiny, finger-like "villi" structures that line the small intestine or the "crypts" between the protruding villi.

The researchers found that progenitor-like TRM cells live closer to the crypts between the villi. On the other hand, differentiated TRM occupy more exposed regions at the top of the villi. "Differentiated immune cells are more exposed at the top of the villi, and that's where they have a better ability to protect you from infections," says Reina-Campos.

Meanwhile, a reserve population of progenitor-like TRM cells continues to lie low in the crypts. "These cells can replenish the pool of effector T cells, so the immune system keeps them as back-ups in the deeper parts of the tissue," adds Reina-Campos.

What keeps these populations organized and in check?

To spy on these important immune cells within their natural habitat, Reina-Campos and colleagues used a new technology -- called spatial transcriptomics -- to observe millions of messenger RNA molecules simultaneously at subcellular resolution.

"For the first time, we were able to capture the formation of immunological memory in space and time," says Reina-Campos.




Looking at small intestines after a viral infection, the scientists found that the gut releases chemical signals to instruct immune cells where to go and what to do. "This study offers a new resource for finding signals that position immune residents to strengthen our gut immunity," says Reina-Campos.

Checkmate for disease?

Reina-Campos credits his mentor, Goldrath, as well as Heeg's and Monell's expertise for making this study possible. As Reina-Campos explains, Heeg and Monell developed new computational approaches to make sense of the massive amounts of data captured through spatial transcriptomics.

"It's led to a breakthrough in our ability to look at hundreds to thousands of genes simultaneously in intact tissues," says Reina-Campos. "With this study, we've opened up a new path for discovery."

Reina-Campos compares the battle between immune cells and pathogens to a chess match.

"To be a chess grandmaster, you need to know not only about the pieces: the bishops, pawns, rooks, etc, but also how they move in concert on the chessboard," he says.

For a long time, scientists have studied the chess pieces -- by analyzing cells extracted from tissue -- but they haven't gotten a good look at the chess match itself. "We don't know as much about how the chessboard works -- and we know even less about the rules that apply to our chess pieces as they move across the board," says Reina-Campos.

The new study gives researchers a detailed look at how immune cells interact with each other and their cellular gameboard.

Reina-Campos says the new finding should guide future research into how immune cells develop and move through other organs with different tissue structures, such as the kidneys and lungs -- and how immune cells might fight tumors in these organs.
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Researchers create new guidelines to diagnose common memory disorder frequently mistaken for Alzheimer's Disease | ScienceDaily
New guidelines will help doctors identify patients with a common memory-loss syndrome that is often misdiagnosed as Alzheimer's disease in older adults. The diagnostic criteria for limbic-predominant age-related TDP-43 encephalopathy (LATE) are published this month in Alzheimer's and Dementia: The Journal of the Alzheimer's Association from an international team led by Penn Medicine researchers. These guidelines are an important first step in advancing clinical trials and treatments for this lesser-known, but common type of memory loss disorder.


						
"Clear guidelines to diagnose different diseases not only help inform patients and their families of their prognosis but also help to guide decisions about which treatments to pursue," said David Wolk, MD, co-director of the Penn Memory Center and first author of the research. "As therapies that clear the amyloid associated with Alzheimer's disease become available to patients, we need to be able to determine whether a patient actually has these proteins in their brain and will benefit from the treatment. And if they don't, we need to identify what disease they do have, which can be LATE."

A prevalent, but not widely known condition

LATE is a newly characterized type of dementia that causes memory loss in individuals generally over 80 years of age. Because the main symptom of LATE is memory loss, it is often incorrectly diagnosed as AD. However, LATE has a different underlying cause than AD; while AD is characterized by buildup of proteins called beta-amyloid and tau on the brain, LATE is caused by a buildup of a different protein, called TDP-43, which was discovered at Penn Medicine by Breakthrough Prize-winning researchers Virginia Lee and colleagues.

Autopsy analysis has revealed that LATE is quite common among adults over 80 years old; TDP-43 buildup associated with LATE was present in 40 percent of adults in that age group. Autopsy of individuals with AD revealed that 55 percent also had LATE. As compared to people with only AD, those with only LATE have different cognitive symptoms. LATE predominantly affects memory, while individuals with AD experience impairment of more wide-ranging roles of cognition, like executive functioning, planning, language and visuospatial function. Individuals with LATE tend to also have a slower progression of symptoms than AD, but when individuals have both LATE and AD, symptoms tend to progress faster. Research suggests that patients with just LATE have a more stable course and live longer than patients with just AD, or patients with both LATE and AD.

Unlike beta-amyloid and tau, there is no test for TDP-43, and its presence on the brain can only be confirmed by brain autopsy after death. In the new report, researchers detail criteria for diagnosing LATE by itself or when it co-occurs with AD, using cognitive evaluations, MRI scans looking for atrophy in the hippocampus, and testing for the presence of beta-amyloid and tau in cerebrospinal fluid and in PET scans of the brain.

These diagnostic criteria also help differentiate LATE from other types of dementia, like frontotemporal lobar degeneration (FTLD), which also involves TDP-43 buildup, or dementia with Lewy bodies, where proteins mis-fold and accumulate on the brain. In FTLD, individuals experience loss of executive function and language rather than memory loss, which can be noted by cognitive evaluation. Additionally, these individuals will not exhibit atrophy of the hippocampus or medial temporal lobe. In dementia with Lewy bodies, individuals experience impaired motor function, in addition to other cognitive impairments.

"Being able to accurately diagnose LATE in both forms sets the stage to engage in further, important research," Wolk said. "Not only can we use this diagnosis to develop clinical trials for TDP-43 drugs, but we can also investigate the efficacy of existing therapies on individuals with both LATE and AD, and potentially develop and test new therapies that target both diseases. These criteria offer a first step in this direction."

This research was supported by the National Institutes of Health (P30AG072979, R01 AG064233, P01 AG066597, R01AG034374, R01AG080667, K23AG062750, P30 AG066509).
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PET probe images inflammation with high sensitivity and selectivity | ScienceDaily
Researchers at Dana-Farber Cancer Institute have developed a breakthrough method to detect inflammation in the body using positron emission tomography (PET) imaging. This innovative probe targets CD45, a marker abundantly expressed on all immune cells but absent from other cell types. In healthy animals, the probe provides remarkably clear images of immune system organs such as bone marrow, spleen, and lymph nodes. In disease models, it reveals inflammation in affected organs, such as the colon in inflammatory bowel disease and the lungs in acute respiratory distress syndrome.


						
The researchers found that the inflammation severity shown by CD45-PET correlates with both microscopic tissue analysis and clinical symptoms. They also developed a human CD45-PET probe and demonstrated its ability to detect human immune cells in a humanized mouse model. Furthermore, in animal models of graft-versus-host disease -- a serious condition following bone marrow transplants -- the human CD45-PET probe showed potential for early detection and precise localization of the disease, which can manifest in various body parts. The team is now working toward initiating clinical trials to validate their human CD45-PET probe.

Inflammation is a sign that the immune system is actively defending the body against disease. However, prolonged and excessive inflammation can become pathological and is a key factor in many chronic diseases, such as cardiovascular diseases, cancer, and diabetes, which collectively contribute to a significant portion of global mortality. Currently, there are no non-invasive tools to reliably detect and pinpoint inflamed areas within the body. The developed CD45-PET probe is the first to identify inflammation generally and with high sensitivity through whole-body imaging. Once validated in humans, this tool could have immediate clinical applications, guiding the selection of anti-inflammatory treatments, monitoring responses to anti-inflammatory medications and cancer immunotherapies, and aiding in the diagnosis of conditions with known inflammatory underpinnings.

Dana-Farber Cancer Institute, Parker Institute for Cancer Immunotherapy, Harvard Medical School, the National Institutes of Health, National Institute of Allergy and Infectious Disease, Brigham and Women's Hospital Heart and Vascular Center.
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A way for smartwatches to detect depression risks | ScienceDaily
The CORONA virus pandemic also brought about a pandemic of mental illness. Approximately one billion people worldwide suffer from various psychiatric conditions. Korea is one of more serious cases, with approximately 1.8 million patients exhibiting depression and anxiety disorders, and the total number of patients with clinical mental diseases has increased by 37% in five years to approximately 4.65 million. A joint research team from Korea and the US has developed a technology that uses biometric data collected through wearable devices to predict tomorrow's mood and, further, to predict the possibility of developing symptoms of depression.


						
KAIST (President Kwang Hyung Lee) announced on the 15th of January that the research team under Professor Dae Wook Kim from the Department of Brain and Cognitive Sciences and the team under Professor Daniel B. Forger from the Department of Mathematics at the University of Michigan in the United States have developed a technology to predict symptoms of depression such as sleep disorders, depression, loss of appetite, overeating, and decreased concentration in shift workers from the activity and heart rate data collected from smartwatches.

According to WHO, a promising new treatment direction for mental illness focuses on the sleep and circadian timekeeping system located in the hypothalamus of the brain, which directly affect impulsivity, emotional responses, decision-making, and overall mood.

However, in order to measure endogenous circadian rhythms and sleep states, blood or saliva must be drawn every 30 minutes throughout the night to measure changes in the concentration of the melatonin hormone in our bodies and polysomnography (PSG) must be performed. As such treatments requires hospitalization and most psychiatric patients only visit for outpatient treatment, there has been no significant progress in developing treatment methods that take these two factors into account. In addition, the cost of the PSG test, which is approximately $1000, leaves mental health treatment considering sleep and circadian rhythms out of reach for the socially disadvantaged.

The solution to overcome these problems is to employ wearable devices for the easier collection of biometric data such as heart rate, body temperature, and activity level in real time without spatial constraints. However, current wearable devices have the limitation of providing only indirect information on biomarkers required by medical staff, such as the phase of the circadian clock.

The joint research team developed a filtering technology that accurately estimates the phase of the circadian clock, which changes daily, such as heart rate and activity time series data collected from a smartwatch. This is an implementation of a digital twin that precisely describes the circadian rhythm in the brain, and it can be used to estimate circadian rhythm disruption.

The possibility of using the digital twin of this circadian clock to predict the symptoms of depression was verified through collaboration with the research team of Professor Srijan Sen of the Michigan Neuroscience Institute and Professor Amy Bohnert of the Department of Psychiatry of the University of Michigan.

The collaborative research team conducted a large-scale prospective cohort study involving approximately 800 shift workers and showed that the circadian rhythm disruption digital biomarker estimated through the technology can predict tomorrow's mood as well as six symptoms, including sleep problems, appetite changes, decreased concentration, and suicidal thoughts, which are representative symptoms of depression.

Professor Dae Wook Kim said, "It is very meaningful to be able to conduct research that provides a clue for ways to apply wearable biometric data using mathematics that have not previously been utilized for actual disease management." He added, "We expect that this research will be able to present continuous and non-invasive mental health monitoring technology. This is expected to present a new paradigm for mental health care. By resolving some of the major problems socially disadvantaged people may face in current treatment practices, they may be able to take more active steps when experiencing symptoms of depression, such as seeking counsel before things get out of hand."

This study was conducted with the support of the KAIST's Research Support Program for New Faculty Members, the US National Science Foundation, the US National Institutes of Health, and the US Army Research Institute MURI Program.
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Exposure to stress during early pregnancy affects offspring into adulthood | ScienceDaily
Maternal stress hormone levels during early pregnancy can have a lasting effect on the stress system of the offspring. The results of a long-term study on wild Assamese macaques in Thailand indicate that maternal stress in the first half of pregnancy is particularly relevant. Elevated stress hormones later during pregnancy or after birth did not have the same effects. The long-term study conducted by the University of Gottingen and the German Primate Center -- Leibniz Institute for Primate Research provides important insights into the influence of early life stages on the development of the stress system under natural environmental conditions.


						
Influence of very early life stages

The research team investigated how maternal stress affects the stress hormone system of the offspring. They found that the activation of the hypothalamic-pituitary-adrenal (HPA) axis, which plays a central role in coping with stress, can be significantly influenced by exposure to maternal glucocorticoids during development. The early phase of organ differentiation in the first half of pregnancy proved to be a particularly critical period. "Our results show that the HPA-axis activity of offspring was enhanced, the more adversity the other had experienced during early pregnancy -- which could be food shortages or social conflicts for example," says Simone Anza, former doctoral student at the University of Gottingen and the German Primate Center and first author of the study.

Investigation in the wild

In contrast to studies in the laboratory, the monkeys were observed in their natural habitat. Over a period of nine years, the researchers repeatedly collected fecal samples from pregnant females and measured the concentration of glucocorticoid metabolites in them in order to determine the animals' exposure to environmental factors such as food scarcity, temperature fluctuations and social interactions. These values were compared with the stress hormone levels of the offspring at different ages. The effects on the stress axis of the offspring were evident from infancy through the juvenile period and into adulthood at nine to ten years of age. Previous analyses from the same study had already shown that early prenatal stress was also associated with altered growth, negative changes in the gut microbiome and impaired immune function, underlining the comprehensive influence of the environment in the early prenatal period on various physiological systems. In contrast, maternal glucocorticoid levels in late pregnancy or during lactation had no or different influences.

Relevance for health research

"Our research results indicate that the timing of maternal stress hormone exposure during and after pregnancy crucially affects the consequences for the development and health of the offspring. It is also important to note that these effects do not require catastrophic events, but that even moderate changes in environmental conditions are sufficient," says Oliver Schulke, scientist at the University of Gottingen and the German Primate Center and head of the study. Stress in early pregnancy can also have a long-term effect on health in humans and increase the risk of stress disorders and immune problems. "Our findings may help to identify the timing and mechanisms that preventive measures should address in order to reduce long-term health risks," says Oliver Schulke.
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Drug candidate eliminates breast cancer tumors in mice in a single dose | ScienceDaily
Despite significant therapeutic advances, breast cancer remains a leading cause of cancer-related death in women. Treatment typically involves surgery and follow-up hormone therapy, but late effects of these treatments include osteoporosis, sexual dysfunction and blood clots. Now, researchers reporting in ACS Central Science have created a novel treatment that eliminated small breast tumors and significantly shrank large tumors in mice in a single dose, without problematic side effects.


						
Most breast cancers are estrogen receptor positive (ER+), and treatment typically involves several years of hormone therapy. Although these drugs are better tolerated than chemotherapy, they still have side effects that diminish quality of life and can leave people at risk for cancer recurrence and treatment resistance. Thus, there is a need for cancer drugs that kill tumor cells selectively and aggressively, while limiting side effects.

To address this challenge, Paul Hergenrother and colleagues previously developed a small molecule called ErSO. This compound kills ER+ breast cancer cells but results in undesirable side effects. In 2022, the researchers synthesized a series of small molecules similar to ErSO. That prior study demonstrated that these derivatives have higher potency, greater selectivity for ER+ cancer cells and better pharmacological properties than the original compound.

Now, in the latest study, the researchers further evaluated one derivative, ErSO-TFPy, and found that it:
    	Effectively killed multiple human ER+ breast cancer cell lines in culture.
    	Was well tolerated, with no obvious deleterious effects, by multiple species (mice, rats and beagles).
    	Shrank transplanted human breast tumors of various genetic backgrounds in mice.

In a dosing experiment, the researchers noted that a single dose of ErSO-TFPy in mice induced complete or near-complete regression of small or large tumors, respectively, that had grown in the animals. Other drugs require long-term dosing, but the researchers suggest that a lone dose of ErSO-TFPy and therefore minimal circulation in the body could help reduce the risk of side effects and late effects. They acknowledge the need for more testing to confirm drug safety and efficacy, but they suggest if these results translate to human patients, ErSO-TFPy could be transformative for ER+ breast cancer treatment.

"It is very rare for a compound to shrink tumors in mouse models of breast cancer, let alone completely eradicate those tumors with a single dose, so we are eager for ErSO-TFPy to advance for treatment of breast cancer," says Hergenrother.

The authors acknowledge funding from the National Cancer Institute at the National Institutes of Health and the Cancer Center at Illinois. 
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Hot or cold? How the brain deciphers thermal sensations | ScienceDaily
Thermal sensations are consciously differentiated as hot or cold by the brain; however, the neural mechanism that enables this differentiation is not well understood. To address this, researchers from Waseda University have used electroencephalography to record brain activity during hot or cold stimuli. They found that while both temperatures activate the same ten cortical regions, their patterns of EEG across frequencies differ, influencing behavior. These findings contribute to developing objective methods for evaluating thermal comfort.


						
The brain discriminates between hot and cold sensations by inducing distinct temporal activity patterns in shared cortical regions, offering insights into how sensory information is encoded.

When we touch something hot or cold, the temperature is consciously sensed. Previous studies have shown that the cortex, the outermost layer of the brain, is responsible for thermal sensations. However, how the cortex determines whether something is hot or cold is not well understood. Thermal sensitivity is often subjective and individualistic; what is a comfortable temperature for someone might be too hot or too cold for someone else.

In a new study, Professor Kei Nagashima from the Body Temperature and Fluid Laboratory, Faculty of Human Sciences, Waseda University, Japan, and Dr. Hironori Watanabe from Waseda University, in collaboration with others, used electroencephalography (EEG) to map the brain's response to hot and cold temperatures and clarify the activity patterns. In this study, 20 participants were exposed to different temperature treatments on their right index and middle fingers. The temperature treatments were given in pulses for 15 seconds with a 10-second intermittent temperature of 32  C. Brain neural activity in response to the two different temperatures, 40  C and 24  C, was recorded using a wearable EEG device. The study was published in Volume 564 of Neuroscience on 09 January 2025.

The recordings were analyzed to reveal region- and time-specific patterns of brain activity. Clustered brain activity was found in ten different areas within the cortex. Interestingly, both hot and cold temperatures invoked brain activity in the same ten areas. However, the EEG differed in response to the two types of thermal sensation. "Differences in these activity patterns will allow temperature differences to be distinguished, leading to different behaviors," says Nagashima.

Different types of activity patterns in the same brain regions could be the underlying mechanism for distinguishing between hot and cold temperatures. It was also observed that most of the brain activity was concentrated in the right hemisphere, indicating that it has a greater role to play in thermal sensations than the left hemisphere.

The insights obtained in this study could be applied to developing more objective methods to evaluate thermal comfort. Nagashima states, "Thermal comfort is used as a standard for creating an optimal indoor environment (air conditioning) by the American Society of Heating, Refrigerating, and Air-Conditioning Engineers, but it is still based on subjective reporting. We thought that it was essential to evaluate it objectively and scientifically." Health risks due to the ambiguity of subjective evaluations of thermal comfort could be circumvented with a better understanding of the brain's response.
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Green tea-based adhesive films show promise as a novel treatment for oral mucositis | ScienceDaily
Green tea shines as a natural powerhouse of antioxidants, with catechins leading the charge among its polyphenols, which protect cells from oxidative stress. These powerful compounds neutralize harmful free radicals generated during cancer treatment. The anti-inflammatory properties of green tea can alleviate oral mucositis, a painful inflammation of the mouth lining often caused by chemotherapy and radiation.


						
Building on these benefits, researchers at the Tokyo University of Science (TUS), Japan, have explored the potential of tea catechins in developing a novel treatment for oral mucositis that minimizes patient discomfort. Their findings were made available online on January 14, 2025 and published in Volume 10 and Issue 1 of ACS Omega on December 19, 2024. The research team, led by Professor Takehisa Hanawa, included Assistant Professor Kaoru Hirose, Ms. Rieko Nitto, and Mr. Shotaro Yokota from TUS, in collaboration with Dr. Yayoi Kawano (former lecturer at TUS, now Professor at Nagoya City University, Japan), as well as Dr. Akira Tabuchi, Ms. Yumeo Suzuki, and Dr. Kazuhiko Yamatoya from MP Gokyo Food & Chemical Co., Ltd., Japan.

In line with TUS's commitment to advancing research that supports the UN Sustainable Development Goals (SDGs), the team sought to develop an innovative and accessible treatment for oral mucositis, aligning with SDG 3 (good health and well-being) and SDG 9 (industry, innovation, and infrastructure). "Our goal was to create a formulation for oral mucositis that patients could use easily and comfortably, helping to prevent the decline in quality of life and difficulties with eating caused by cancer treatments," explains Prof. Hanawa.

Oral mucositis, a common and painful side effect of cancer treatments, affecting 30-40% of the patients, results from damage to rapidly dividing mucosal cells. This condition causes significant discomfort and interference with vital activities, such as eating and sleeping. To address this, the researchers designed a thin mucoadhesive film enriched with tea catechins, which can be applied directly to affected areas for prolonged relief. This film is a thin, flexible material that adheres to the inside of the mouth to deliver active ingredients, like medications, directly to the affected area. It offers a more convenient, inexpensive, and user-friendly alternative to mucoadhesive tablets, which often have limited usability.

The films were prepared by combining xyloglucan (Xylo), a water-soluble polymer extracted from tamarind seeds, with green tea extract (TE) which contains over 75% catechins, including more than 40% epigallocatechin gallate (EGCG). Xylo is a natural gelling agent, commonly used as a food thickener. It forms a structure similar to the mucin network in the mouth, giving the film its mucoadhesive properties. Given the easy availability, usage as food additive, and low cost of TE, which contains EGCG as well as various catechins, it was selected as a gelling agent for Xylo in this study. The researchers examined how Xylo and TE gelled together and explored the physical and chemical properties of the gels and films they produced.

The researchers developed two types of films: hydrogels, prepared by drying Xylo/TE solutions at 4 degC for 24 hours, and xerogels, which were dried for seven days, resulting in firmer, drier films. The hydrogel, however, transitioned into a liquid-like state at skin surface temperatures (35-37 degC) and became weak, breaking with just a small amount of pressure. In contrast, the xerogel films demonstrated better mucoadhesive properties, withstanding up to ten times more force and performing similarly to commercially available oral mucoadhesive films.

To test the adhesive strength of the xerogel, the researchers simulated oral conditions using mucin disks coated with artificial saliva. The film was pressed onto the disk with a plunger, and the force required to detach it was measured. The films adhered well, with detachment forces matching or exceeding those of over-the-counter products. The team also examined the release of EGCG by soaking the films in water, discovering that higher concentrations of Xylo facilitated greater EGCG release over time, highlighting their potential as mucoadhesive films.

"Xylo/TE xerogel films demonstrated high strength, hydrogel-like properties due to rapid water absorption, and adhesion forces comparable to commercial films," says Prof. Hanawa. The team is now focused on enhancing the film's design and evaluating its safety and efficacy through cell-based experiments, advancing toward a promising solution for oral mucositis.
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Single-cell elemental analysis using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) | ScienceDaily
Trace metals are crucial for the growth of all living organisms. Understanding the role of these trace metals on the metabolism is essential for maintaining a stable state of the organism. Additionally, human beings are also facing constant exposure to various harmful heavy metals due to various types of pollution. Collectively, these aspects have led to research and development in the field of analytical techniques that can help in identifying the level of these trace metals in our cells.


						
Inductively coupled plasma mass spectrometry (ICP-MS) is an analytical technique used for the analysis of elemental compositions in various samples including biological samples. In recent times, the single-cell ICP-MS (scICP-MS) technique has been widely used in medical and biological fields for the analysis of single-living cells in bacteria, fungi, microorganisms, plants, and mammals. The sample introduction system of scICP-MS consists of a conventional pneumatic nebulizer and a total consumption spray chamber. A pneumatic nebulizer converts the sample (cell suspension) liquid into a mist.

Although the transport efficiency of traditional scICP-MS analysis using a nebulizer reaches 10% for yeast cells, it cannot be used for mammalian cells owing to their fragile nature. Chemical fixation is known to enhance the strength of mammalian cells, but it greatly affects the elemental contents, leading to inaccuracy of the analysis. There is thus a need to develop a sample introduction system that does not cause any damage to the mammalian cells.

Toward this end, a group of researchers from Japan has now demonstrated the potential of a microdroplet generator (mDG) as the sample introduction system for the efficient and quantitative elemental analysis of mammalian cells. The team, comprising Assistant Professor Yu-ki Tanaka along with Ms. Hinano Katayama, Ms. Risako Iida, and Professor Yasumitsu Ogra from the Graduate School of Pharmaceutical Sciences, Chiba University, Japan introduced a mDG into the sample introduction system of an ICP-MS, revealing that the system was capable of accurately conducting the elemental analysis. Their study was published on December 2, 2024, in Volume 40 of the Journal of Analytical Atomic Spectrometry. Elaborating further, Dr. Tanaka says, "Till now, scICP-MS has been applied to bacteria, fungi, plant cells, and red blood cells. We have expanded the potential of scICP-MS technology to mammalian cultured cells, developing a robust analytical technique for measuring elemental content in mammalian cultured cells."

In the study, the researchers used two sample introduction systems for particle and cell sample analysis. The first one was the conventional system comprising a concentric glass nebulizer and a total consumption spray chamber. The other system comprised a mDG inserted into the fabricated T-shape glass plumbing, with one end of the glass plumbing being fit to a total consumption spray chamber and the other end being fit to an ICP torch.

The researchers found that the cell transport efficiency increased drastically with the use of mDG. Moreover, they also estimated magnesium, iron, phosphorus, sulfur, and zinc in the K562 cells (also known as human chronic myelogenous leukemia K562 cells) and found that mDG maintained the cell's original structure in contrast to the conventional system that usually alters the cell's structure. It is thus highly suited for single-cell elemental analysis since it does not affect the cell's structure, resulting in highly efficient detection of the cells. "Our findings demonstrate the potential of mDG as a universal sample introduction system in scICP-MS," explains Asst. Prof. Tanaka.

These findings suggest that the size of cultured K562 cells influenced the shear stress-induced through nebulization, leading to cell damage. An increase in cell size intensifies the shear stress, causing significant damage. The mDG can preserve the structure of K562 cells, resulting in highly efficient detection and quantitative measurement of elemental signals from individual cells.

The ICP-MS technique is widely applicable in environmental monitoring, energy, pharmaceutical, food, and agriculture industries, and clinical research. "One promising social implementation of scICP-MS technology is for the prognosis and diagnosis of diseases. Health conditions can be evaluated by analyzing the elemental composition within the body and even at the level of individual cells. Blood cell samples, which can be easily collected from both patients and healthy individuals, serve as a primary target for diagnostics and prognostics using scICP-MS," concludes Asst. Prof. Tanaka, optimistically.
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Researchers make breakthrough in bioprinting functional human heart tissue | ScienceDaily
Researchers at University of Galway have developed a way of bioprinting tissues that change shape as a result of cell-generated forces, in the same way that it happens in biological tissues during organ development.


						
The breakthrough science focused on replicating heart tissues, bringing research closer to generating functional, bioprinted organs, which would have broad applications in disease modelling, drug screening and regenerative medicine.

The research was led by a team at the School of Engineering and CURAM Research Ireland Centre for Medical Devices at University of Galway and has been published in the journal Advanced Functional Materials.

Bioprinting technology uses living cells within specialised "bioink" materials -- a substance or material which can support living cells, and due to its characteristics, it can aid cell adhesion, proliferation and differentiation during maturation. The technology offers immense promise for creating lab-grown organs that closely resemble the structure of their human equivalent.

However, bioprinting fully functional organs remains a significant hurdle. For instance, while bioprinted heart tissues can contract, their force of contraction is often considerably weaker than that of a healthy adult heart.

Traditional bioprinting methods often aim to directly recreate the final anatomical shape of an organ, like the heart -- therefore overlooking the crucial role of dynamic shape changes during natural embryonic development. For example, the heart begins as a simple tube that undergoes a series of bends and twists to form its mature four-chambered structure. These shape-morphing behaviours are essential for sculpting heart cell development and maturation.

The University of Galway research team recognised this and developed a novel bioprinting technique that incorporates crucial shape-changing behaviours.




Ankita Pramanick, lead author of the study and CURAM PhD Candidate at University of Galway, said: "Our work introduces a novel platform, using embedded bioprinting to bioprint tissues that undergo programmable and predictable 4D shape-morphing driven by cell-generated forces. Using this new process, we found that shape-morphing improved the structural and functional maturity of bioprinted heart tissues."

The research showed that cell-generated forces could guide the shape-morphing of bioprinted tissues, and it was possible to control the magnitude of the shape changes by modifying factors such as the initial print geometry and bioink stiffness. Morphing was found to sculpt cell alignment and enhance the contractile properties of the tissues. The research team also developed a computational model that could predict tissue shape-morphing behaviour.

Professor Andrew Daly, Associate Professor in Biomedical Engineering and CURAM funded investigator and principal investigator on the project, said: "Our research shows that by allowing bioprinted heart tissues to undergo shape-morphing, they start to beat stronger and faster. The limited maturity of bioprinted tissues has been a major challenge in the field, so this was an exciting result for us. This allows us to create more advanced bioprinted heart tissue, with the ability to mature in a laboratory setting, better replicating adult human heart structure. We are excited to build on this shape-morphing approach in our ongoing European Research Council project, which is focused on developmentally-inspired bioprinting.

"We are still a long way away from bioprinting functional tissue that could be implanted in humans, and future work will need to explore how we can scale our bioprinting approach to human-scale hearts.

"We will need to integrate blood vessels to keep such large constructs alive in the lab, but ultimately, this breakthrough brings us closer to generating functional bioprinted organs, which would have broad applications in cardiovascular medicine."
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New epilepsy tech could cut misdiagnoses by nearly 70% using routine EEGs | ScienceDaily
Doctors could soon reduce epilepsy misdiagnoses by up to 70% using a new tool that turns routine electroencephalogram, or EEG, tests that appear normal into highly accurate epilepsy predictors, a Johns Hopkins University study has found.


						
By uncovering hidden epilepsy signatures in seemingly normal EEGs, the tool could significantly reduce false positives -- seen in around 30% of cases globally -- and spare patients from medication side effects, driving restrictions, and other quality-of-life challenges linked to misdiagnoses.

"Even when EEGs appear completely normal, our tool provides insights that make them actionable," said Sridevi V. Sarma, a Johns Hopkins biomedical engineering professor who led the work. "We can get to the right diagnosis three times faster because patients often need multiple EEGs before abnormalities are detected, even if they have epilepsy. Accurate early diagnosis means a quicker path to effective treatment."

A report of the work is newly published in Annals of Neurology.

Epilepsy causes recurrent, unprovoked seizures triggered by bursts of abnormal electrical activity in the brain. Standard care involves scalp EEG recordings during initial evaluations. These tests track brainwave patterns using small electrodes placed on the scalp.

Clinicians partly rely on EEGs to diagnose epilepsy and decide whether patients need anti-seizure medications. However, EEGs can be challenging to interpret because they capture noisy signals and because seizures rarely occur during the typical 20-40 minutes of an EEG recording. These characteristics makes diagnosing epilepsy subjective and prone to error, even for specialists, Sarma explained.

To improve reliability, Sarma's team studied what happens in the brains of patients when they are not experiencing seizures. Their tool, called EpiScalp, uses algorithms trained on dynamic network models to map brainwave patterns and identify hidden signs of epilepsy from a single routine EEG.




"If you have epilepsy, why don't you have seizures all the time? We hypothesized that some brain regions act as natural inhibitors, suppressing seizures. It's like the brain's immune response to the disease," Sarma said.

The new study analyzed 198 epilepsy patients from five major medical centers: Johns Hopkins Hospital, Johns Hopkins Bayview Medical Center, University of Pittsburgh Medical Center, University of Maryland Medical Center, and Thomas Jefferson University Hospital. Out of these 198 patients in the study, 91 patients had epilepsy while the rest had non-epileptic conditions mimicking epilepsy.

When Sarma's team reanalyzed the initial EEGs using EpiScalp, the tool ruled out 96% of those false positives, cutting potential misdiagnoses among these cases from 54% to 17%.

"This is where our tool makes a difference because it can help us uncover markers of epilepsy in EEGs that appear uninformative, reducing the risk of patients being misdiagnosed and treated for a condition they don't have," said Khalil Husari, co-senior author and assistant professor of neurology at Johns Hopkins. "These patients experienced side effects of the anti-seizure medication without any benefit because they didn't have epilepsy. Without the correct diagnosis, we can't find out what's actually causing their symptoms."

In certain cases, misdiagnosis happens due to misinterpretation of EEGs, Husari explained, as doctors may overdiagnose epilepsy to prevent the dangers of a second seizure. But in some cases, patients experience nonepileptic seizures, which mimic epilepsy. These conditions can often be treated with therapies that do not involve epilepsy medication.

In earlier work, the team studied epileptic brain networks using intracranial EEGs to demonstrate that the seizure onset zone is being inhibited by neighboring regions in the brain when patients are not seizing. EpiScalp builds on this research, identifying these patterns from routine scalp EEGs.




Traditional approaches to improve EEG interpretation often focus on individual signals or electrodes. Instead, EpiScalp analyzes how different regions of the brain interact and influence one another through a complex network of neural pathways, said Patrick Myers, first author and doctoral student in biomedical engineering at Johns Hopkins.

"If you just look at how nodes are interacting with each other within the brain network, you can find this pattern of independent nodes trying to cause a lot of activity and the suppression from nodes in a second region, and they're not interacting with the rest of the brain," Myers said. "We check whether we can see this pattern anywhere. Do we see a region in your EEG that has been decoupled from the rest of the brain's network? A healthy person shouldn't have that."

The team is now conducting a larger prospective study to further validate its findings across three epilepsy centers and filed a patent for the EpiScalp technology in 2023.

Other authors are Kristin Gunnarsdottir, Adam Li, Alana Tillery, Babitha Haridas, and Joon-yi Kang of Johns Hopkins; Vlad Razskazovskiy, Jorge Gonzalez-Martinez, and Anto Bagic of University of Pittsburgh Medical Center; Dale Wyeth, Edmund Wyeth, and Michael Sperling of Thomas Jefferson University Hospital; Kareem Zaghloul and Sara Inati of the National Institute of Neurological Disorders and Stroke, National Institutes of Health; Jennifer Hopp of University of Maryland Medical Center; and Niravkumar Barot of Beth Israel Deaconess Medical Center.

The research was supported by the Louis B. Thalheimer Fund for Translational Research at Johns Hopkins Technology Ventures, as well as the National Institute of Neurological Disorders and Stroke Grant Number: R35NS132228.
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Childhood epilepsy may predispose to memory disorders later in life | ScienceDaily
Researchers from the University of Turku and Abo Akademi University in Finland and the University of Wisconsin in the United States demonstrated that individuals who had childhood epilepsy have an increased accumulation of brain amyloid later in life, potentially predisposing them to late-onset brain amyloid disorders, such as Alzheimer's disease.


						
The accumulation of beta-amyloid protein in the brain is considered an early pathological brain change in Alzheimer's disease, although the exact cause of amyloid accumulation is unknown.

The study from the University of Turku, Abo Akademi University, and University of Wisconsin is based on a globally unique population-based cohort, collected by young child neurologist, now Professor Emeritus Matti Sillanpaa, who still leads the cohort. The cohort has monitored the health and social prognosis of individuals who had childhood epilepsy since the early 1960s and their matched controls since 1992. The follow-up is conducted progressively at regular intervals in collaboration with domestic and international researchers (TACOE project).

The recent collaborative study examined the brain amyloid accumulation of these individuals, who were on the verge of retirement or already retired, and their controls.

In the previous timepoint of the study (2013-2016), after 50 years of follow-up, researchers observed that individuals with childhood epilepsy had more amyloid plaques in their brains than the controls.

"The finding was the first of its kind globally, and it was unclear at that point whether the abnormal amyloid accumulation in the brain would continue, further predisposing these individuals to the development of memory disorders. This motivated our current study," explains one of the key figures in the study, Professor of Neurology Juho Joutsa from the University of Turku.

Increased probability of abnormal amyloid accumulation in individuals with childhood epilepsy

The recent study was conducted approximately seven years after the previous timepoint, with the participants being 60-65 years old. The study included 82 percent of the previous participants, a total of 36 individuals with childhood-onset epilepsy, and 35 controls.




In the patient group, abnormal amyloid accumulation was observed in nearly one-third of the participants, whereas only 11 percent of the controls showed this accumulation. During the seven-year follow-up, the patient group accumulated more amyloid in the brain than the controls. The patient group also performed worse in cognitive tests compared to the controls, but this was not linked to the amount of amyloid plaques.

"This suggests that the amyloid accumulation in the brain has not yet led to memory disorders," explains Joutsa.

Unique cohort study enables long-term monitoring of changes

The unique cohort utilised in the study has provided extensive information about childhood epilepsy and its prognosis over decades.

Modern brain imaging methods, which now enabled the study of brain amyloid pathology, were developed decades after the cohort was established. A recently graduated physician, now Professor of Neurology Juho Joutsa, was recruited for brain imaging analyses in the early 2010s.

The study results provide unique new information about the very long-term effects of childhood epilepsy on the brain, and the follow-up continues.

"This study is also an excellent example of what can be achieved scientifically through long-term commitment of both participants and researchers, as well as collaboration across disciplines and generations of researchers," says Joutsa.
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How your brain learns from rewards might hold the key to treating depression | ScienceDaily

A brain signal that lights up when we anticipate rewards may hold the secret to helping people overcome depression, and Virginia Tech researchers are working to unlock its potential.

Professors Pearl Chiu and Brooks Casas of the Fralin Biomedical Research Institute at VTC are pioneering a personalized approach to depression treatment by exploring how our brains process rewards and setbacks.

Their study, which published in January in the Journal of Affective Disorders, examines two brain signals -- prediction error and expected value -- that may predict whether someone with depression is likely to see their symptoms improve.

Unlocking the brain's reward system

Major depression affects over 21 million Americans annually, according to the Centers for Disease Control and Prevention, and remains a leading cause of disability worldwide. Yet current treatments often fall short, leaving many without lasting relief.

"Major depression isn't one-size-fits-all," Chiu said. "People with depression learn and respond to rewards and setbacks differently, often in ways that align with specific symptoms."

Using computational models, the researchers studied how the brain's reward-learning system functions in those with depression, especially among individuals experiencing anhedonia, the inability to feel pleasure. By analyzing dopamine-linked responses, they identified unique brain activity patterns that could help predict who is likely to recover.




Their responses reveal the brain's capacity to learn from outcomes, Chiu said, and could form the basis for a new kind of therapy using tailored learning processes to guide the brain's responses to different outcomes.

Researchers identify key markers for recovery

The study identified two key brain signals -- prediction error and expected value -- as essential indicators of recovery potential in depression. Expected value, which reflects the brain's anticipation of rewards and guides decision-making, emerged as a consistent predictor of remission across treatment types. Prediction error, which highlights gaps between expected and actual outcomes to help individuals adjust their behavior, offered additional insights.

Together, prediction error and expected value provided a richer understanding of how unique learning patterns influence mental health outcomes, paving the way for tailored, symptom-specific therapies.

"This finding underscores the power of the brain's reward system in forecasting recovery," Casas said. "By observing how each person responds to rewards and setbacks, we can open new pathways for designing treatments that match individual learning patterns."

"This brings us closer to truly personalized mental health care," noted Vansh Bansal, first author of the study and a graduate student with Chiu and Casas.




Bridging brain science and therapy

The researchers are putting their insights into practice in new ways. Earlier this year, Chiu and Casas published work in Clinical Psychological Science that explored how reinforcement-learning questions could guide behavior change. Now, they are taking this approach a step further by testing specific questions designed to shift how people with depression respond to rewards and setbacks.

"We're exploring questions like, 'What did you expect to happen?' to reshape how the brain learns from experiences," Chiu said.

This approach aims to go beyond symptom management, targeting the brain processes that drive specific symptoms of depression. By aligning therapy with each person's unique brain responses, this strategy could lead to more targeted, symptom-specific interventions that deliver lasting results.

This research represents an advance in bridging brain science and therapy, moving toward more personalized, effective treatment methods. By understanding how the brain's reward system functions, the researchers are developing strategies that could reshape depression care by addressing its root causes rather than just symptoms.

"Our goal is to create a treatment that bridges neuroscience and behavioral therapies," Chiu said. "If someone's brain responds less strongly to rewards, we might use behavioral activation to amplify their recovery." This method aligns treatment with each person's neural responses, setting the stage for more customized, symptom-specific interventions that reach beyond traditional approaches.

A future of personalized depression treatment

Looking ahead, the team envisions the use of brain-based models to transform depression treatment into a precise, individualized approach. Imagine a patient completing an assessment and, based on the results, receiving interventions tailored to their unique learning processes. For some, this could involve exercises to counteract the inability to feel pleasure or strategies to strengthen positive responses.

"The true benefit is that this approach doesn't just treat symptoms on the surface," Chiu said. "It addresses the underlying learning mechanisms contributing to each person's unique experience of depression."

This model could enable therapists to offer precise, evidence-based techniques to retrain the brain's responses and accelerate recovery.

"We're moving toward a future where mental health care is as unique as each person's mind," Casas said. "By aligning treatments with individual learning styles, we can go beyond symptom management and foster truly lasting recovery and resilience."

In addition to the Fralin Biomedical Research Institute, Chiu and Casas are members of the Department of Psychology in Virginia Tech's College of Science.

The study was a collaboration involving experts from multiple institutions, including Vansh Bansal, Jonathan Lisinski, Dong-Youl Kim, Shivani Goyal, John Wang, Jacob Lee, and Stephen LaConte, all affiliated with Virginia Tech. Katherine McCurry from the University of Michigan and Vanessa Brown from Emory University also contributed to the study.
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Study shows travelers are dreaming forward, not looking back | ScienceDaily
When it comes to getting people to want to go places, the future is ever more lovely than the past, according to a new Washington State University-led study in the Journal of Hospitality and Tourism Research.


						
Led by Ruiying Cai, an assistant professor in the Carson College of Business, the study found that forestalgia-focused destination ads -- those that emphasize an idealized future -- are more effective at enticing travelers to click the purchase button for a vacation than ads based on fond recollections. The research also revealed that forestalgia advertising is particularly effective for getting people to book near-term trips, as imagining upcoming experiences makes travel plans feel more vivid and achievable.

Cai and her team conducted three experimental studies with 665 U.S. travelers, comparing the impact of nostalgia-focused and forestalgia-focused advertising messages on participants' intentions to visit a destination. Nostalgia-focused ads prompted participants to reflect on past travel memories, while forestalgia-focused ads encouraged them to envision future experiences. Across all three studies, participants were more inclined to choose destinations featured in forestalgia-focused ads.

"We were surprised by how consistent the results were," Cai said. "Even when we carefully reviewed the data, it was clear that travelers responded more favorably to future-focused messages. Forestalgia taps into a natural human tendency to idealize what's ahead."

While nostalgia has been widely studied and applied in destination marketing, forestalgia, a term introduced in a 2023 product marketing study, remains relatively underexplored, especially when compared to nostalgia. The study's findings suggest that this future-focused approach describing a yearning for an idealized future holds significant promise for tourism marketing.

One key reason is its simplicity. Nostalgia can evoke bittersweet emotions, as past experiences are often a mix of positive and negative memories. In contrast, forestalgia allows travelers to focus on the possibilities of what is ahead.

"People tend to idealize the future," Cai said. "It's not weighed down by the complexities of memory, which can include both joy and regret."

The study also explored how temporal distance -- the perceived time until a trip -- moderated the effectiveness of advertisements. Forestalgia-focused ads were most impactful when promoting trips within the next year.




"When people think about a trip happening soon, they're more likely to engage in concrete planning," said Cai. "They imagine booking flights, finding accommodations, and planning activities, making the trip feel more achievable and exciting."

The implications for destination marketers are significant. Tourism campaigns often rely on nostalgia to evoke a connection with potential travelers, but this research highlights the untapped potential of forestalgia. Marketers could design campaigns that vividly depict future experiences, emphasizing how a destination could fulfill travelers' dreams and aspirations. For trips planned in the near term, this strategy may be particularly persuasive.

"When people think about the future, they often idealize it," said Cai. "It's about imagining the adventures and memories waiting to be made. That sense of excitement and possibility is something we can all connect with, especially when dreaming about our next trip."
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SIDS discovery could ID babies at risk of sudden death | ScienceDaily
New University of Virginia School of Medicine research revealing the fingerprints of Sudden Infant Death Syndrome within blood samples could open the door to simple tests to identify babies at risk.


						
The findings also represent an important step forward in unraveling the causes of SIDS, an unexplained condition that is the No. 1 killer of babies between amonth and a year old.

The UVA researchers analyzed blood serum samples collected from infants who died from SIDS and were able to identify specific biological indicators that were linked to -- and potential causes of -- the babies' deaths.

Tests to identify such signs in infants could ultimately help save lives, the researchers say.

"Our study is the largest study to date that has attempted to detect how these small molecules in the blood may serve as biomarkers for SIDS," said researcher Keith L. Keene, PhD, founding director of UVA's Center for Health Equity and Precision Public Health and now at East Carolina University. "Our findings support a role for multiple key biological pathways and provide insight into how those biological processes may contribute to increased risk or serve to diagnose SIDS."

Understanding SIDS

The new research speaks to the potential of "metabolomics," the analysis of substances called metabolites produced by cells, for better understanding and treating complex diseases, the scientists say.




In their SIDS work, the UVA researchers analyzed blood serum samples collected from 300 babies included in the Chicago Infant Mortality Study and the National Institutes of Health's NeuroBioBank. The researchers assessed levels of 828 different metabolites in key biological processes such as nerve cell communication, stress response and hormone regulation -- processes that could be contributors to SIDS.

After adjusting for factors that could bias the results, such as the infants' age, sex, and race and ethnicity, the researchers identified 35 predictors of SIDS. These "biomarkers" included ornithine, a substance critical to the body's ability to dispose of ammonia in urine. The amino acid has already been identified as a potential contributor to SIDS.

Another predictor was a lipid metabolite that is critical for brain and lung health. This metabolite is already considered a potential indicator for the development of fetal heart defects during the first trimester of pregnancy.

"We found differences in specific fats, called sphingomyelins, which are critical for brain and lung development," said researcher Chad Aldridge, DPT, MS-CR, of the School of Medicine's Department of Neurology. "Differences in these fats may disrupt these critical processes, placing some infants at risk for SIDS."

The UVA scientists caution that further research is needed to determine if the metabolites are contributing to SIDS. But the findings lay an important foundation, they say, for unraveling the mysteries of SIDS and developing blood tests that could potentially save new parents from heartbreak.

"The results of this study are very exciting -- we are getting closer to explaining the pathways leading to a SIDS death," said researcher Fern R. Hauck, MD, MS, a family medicine physician at UVA Health, director of the Chicago Infant Mortality Study and aleading expert on SIDS. "Our hope is that this research lays the groundwork to help identify -through simple blood tests -- infants who are at higher risk for SIDS and to save these precious lives."
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Copper-detection tool designed to discover possible chelation target for lung cancer | ScienceDaily
The Chang Lab at Princeton Chemistry continues in its mission to elucidate the role of metal nutrients in human biology: last year, iron; this year, copper. The lab's first paper of 2025 showcases its development of a revelatory sensing probe for the detection of copper in human cells and then wields it to uncover how copper may be regulating cell growth in lung cancer.


						
Researchers also offer a possible treatment modality in which copper chelation shows promising results in certain lung cancers where cells have two related phenomena: a heightened transcription factor responding to oxidative stress and a diminished level of bioavailable copper.

Their collaborative paper, A histochemical approach to activity-based copper sensing reveals cuproplasia-dependent vulnerabilities in cancer, was published this week in the Proceedings of the National Academy of Sciences. It follows on the heels of a companion July 2024 paper focusing on iron. Together, the research cements the lab's ongoing authority in transition metal signaling.

In this latest work, the lab's histochemical, activity-based sensing probe was deployed on a panel of human tumor cell lines from the National Cancer Institute to identify cell types with elevated levels of copper. Copper is essential to health. But copper imbalances have long been implicated in cancer cell growth and other disease states. The goldilocks balance in all mammals is so vulnerable to disruption that tools to track and assess the onset of copper-dependent cell growth, or cuproplasia, are in high demand.

"Copper is one of the most important metal nutrients for health. It's consumed in the diet, so it's really nature versus nurture because every cell in every organism in every kingdom of life needs it," said Christopher Chang, the Edward and Virginia Taylor Professor of Bioorganic Chemistry. "When you think about diseases as complicated as cancer, you really want to understand the fundamentals of what causes an individual cell or collection of cells to live or die. And then you want to bring it back to something that you would use to block or kill that excess growth.

"What we need are more sophisticated biomarkers, and that's the direction we've taken with this technology. We wanted a method that you could inject in many cell types in parallel, or inject in tissue, and then isolate cancer cells of different types and see which ones had a large or small dependence on cuproplasia."

The research was carried out with chief collaborators Marco Messina at the University of Delaware and Gina DeNicola at the H. Lee Moffitt Cancer Center and Research Institute in Florida.




Connecting copper with antioxidants 

The paper describes a direct link between copper and a transcription factor called nuclear factor-erythroid 2-related factor 2 (NRF2). A buildup of free radical damage in cells leads to what scientists call the antioxidant response, where NRF2 is activated and it promotes gene expression to make proteins that will combat that oxidative insult.

The Chang Lab's work steps into this arena, bridging sensing and catalysis to map the regions where this is happening.

"Heightened levels of copper in cells are known to produce oxidative stress," said Aidan Pezacki, co-lead author of the paper and graduate student in the Chang Lab. "So, we would expect cancers with a high demand for copper-dependent cell growth to also have higher levels of oxidative stress. Since NRF2 is directly responsible for combating oxidative stress, we thought it might be involved in regulating copper levels, as well."

Specific lung cancers are known to have very high amounts of NRF2. Researchers were therefore able to make a connection between higher levels of NRF2 and lower levels of copper that were consequently vulnerable to copper chelation. Chelation therapy allows scientists to "grab hold of" and withhold metal nutrients, thus depriving cell growth of an important fuel.

"We took these NCI cell lines and treated them with a copper chelator and then compared cells with either low or high NRF2," added Pezacki. "What we found was that all the cells with higher NRF2 have higher rates of cell death when we treated with the copper chelator.




"We suspect that the NRF2 is sequestering copper and then the chelator depletes the cells of copper even further, and this dual deprivation doesn't keep up with the cell's need for the nutrient. That makes copper chelation a potentially viable therapeutic strategy in cancers where the metal is already scarce and tightly regulated."

Chang emphasized that results have yet to move into human tissue.

"This is a proof-of-concept study for profiling metal vulnerabilities in lung cancer. It's also a platform that we think could be generally applied to not only cancer but the broader process of cell growth," said Chang. "All diseases, ultimately, are a question of too much or too little cell growth or cell death. And that's the elemental balance we're tracking with this research and the basic science we're interested in here. It's part of solving the larger puzzle that goes along with decoding how diet, environment, and lifestyle can shape and determine disease states."

A histochemical approach to activity-based copper sensing reveals cuproplasia-dependent vulnerabilities in cancer was authored by Marco Messina, Laura Torrente, Aidan Pezacki, Hanna Humpel, Erin Li, Sophia Miller, Odette Verdejo-Torres, Teresita Padilla-Benavides, Donita Brady, David Killilea, Alison Killilea, Martina Ralle, Nathan Ward, Jun Ohata, Gina DeNicola, and Christopher Chang. 

This research was supported by funding from the National Institutes of Health (R01 GM 79465, R01 GM 139245, R01 ES 28096 and R01 NIAMS AR077578), the Florida Department of Health (9BC07), and the Agilent Biodesign Program.
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Fighting experience plays key role in brain chemical's control of male aggression | ScienceDaily
Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.


						
Dopamine has been linked to male aggression for decades. How past experiences might influence this relationship, however, had until now been unclear.

In experiments in rodents, a team led by researchers at NYU Langone Health boosted activity in dopamine-releasing cells in a part of the brain called the ventral tegmental area. The findings revealed that in inexperienced male fighters, this led the animals to attack for twice as long as they would have fought naturally. When the cells were blocked, the novice mice would not fight at all.

By contrast, this pattern did not hold true in males that had extensive fighting experience. Whether or not dopamine-releasing cells were boosted or blocked, the duration of attack did not change. Notably, though, the more clashes a mouse won, the more fights it would start in the future.

"Our findings offer new insight into how both 'nature' and 'nurture' shape aggression in males," said study senior author Dayu Lin, PhD. "While aggression is an innate behavior, dopamine -- and fighting experience -- is essential for its maturation during adulthood," added Lin, a professor in the Departments of Psychiatry and of Neuroscience at NYU Grossman School of Medicine.

A report on the findings is publishing online Jan. 22 in the journal Nature.

Building on their evidence for the role of dopamine in learning aggression, authors set out to better understand the brain mechanisms that might explain it. To do this, the team prevented cells in the ventral tegmental area of the brain from releasing dopamine into another region called the lateral septum, a site known to regulate aggression. They found that novice males would never learn to fight, but those with previous fighting experience would continue to engage in aggressive behavior. Similarly, promoting dopamine release in this area of the brain boosted hostility in rookies but had no effect on veterans.




This suggests that the lateral septum is a key brain site for dopamine to promote "aggression learning" in rodents and likely in other mammals, including people, says Lin, who is also a member of NYU Grossman School of Medicine's Institute for Translational Neuroscience.

The team also measured dopamine release in the lateral septum as the animals gained fighting experience. They found that the chemical surges the most on the day they first decide to attack. As the mouse becomes more experienced with fighting, this dopamine spike becomes less dramatic, supporting a central role of the chemical in initial aggression learning.

Importantly, the researchers also found that dopamine did not appear to play a similar role in female aggression. In fact, manipulating dopamine levels did not affect aggressive behaviors in female mice in any way.

According to Lin, the results may offer new insight into addressing mental health conditions marked by intense shifts in mood and behavior, such as schizophrenia, bipolar disorder, and borderline personality disorder. Antipsychotic drugs that interfere with dopamine release are commonly used to treat such diseases, as well as to suppress violent behavior in psychiatric patients.

"Our results suggest that targeting dopamine may not be an effective tool when treating those with a long history of aggression," said Lin. "As a result, healthcare providers may need to consider a patient's history, as well as their age and sex, when considering which therapy to use."

Lin adds that the results may also explain why antipsychotic drugs are known to have a stronger and longer-lasting effect in children than in adults, for whom aggression often returns once they stop receiving medication.

That said, Lin cautions that while mice share similar brain chemistry with people and that the current findings echo human clinical results, more research will be needed to demonstrate the impact of past behavior on the effectiveness of antipsychotic medications in humans.

Funding for the study was provided by National Institutes of Health grants R01MH101377, R01MH124927, U19NS107616, U01NS11335, U01NS12082, P30DA048736, and R01MH133669. Further study funding was provided by the Vulnerable Brain Project.

In addition to Lin, other NYU Langone researchers involved in the study are Bingqin Zheng, MS; Xiuzhi Dai; Xiaoyang Cui, BS; Luping Yin, PhD; Jing Cai, PhD; and Nicolas Tritsch, PhD. Other study investigators include Yizhou Zhuo, PhD, and Yulong Li, PhD, at the Peking University School of Life Sciences in Beijing; and Larry Zweifel, PhD, at the University of Washington in Seattle. Bing Dai, PhD, a former graduate student at NYU Langone and a current postdoctoral associate at the Massachusetts Institute of Technology in Cambridge, served as the study lead author.
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Research shows PTSD, anxiety may affect reproductive health of women firefighters | ScienceDaily
A new study led by University of Arizona Mel and Enid Zuckerman College of Public Health researchers in collaboration with fire service partners and other researchers around the country through the Fire Fighter Cancer Cohort Study showed that post-traumatic stress disorder and anxiety are associated with lower levels of anti-Mullerian hormone, a marker of ovarian reserve, among women firefighters.


						
The ovarian reserve is the number of healthy eggs in a woman's ovaries that could potentially be fertilized. It is a measure of a woman's fertility and ability to have children.

"These findings highlight the negative effect that mental health conditions can have on health -- specifically, reproductive health," said first author Michelle Valenti, MPH, a doctoral student in epidemiology at the Zuckerman College of Public Health and program coordinator of the Fire Fighter Cancer Cohort Study's Women Firefighter Study.

The paper "Evaluating the Effect of Depression, Anxiety, and Post-Traumatic Stress Disorder on Anti-Mullerian Hormone Levels Among Women Firefighters," was published in the Journal of Women's Health.

Firefighters are exposed to high stress and traumatic situations in addition to chemical exposures and have a higher prevalence of PTSD compared with the general population. Previous research showed that women firefighters have lower levels of anti-Mullerian hormone compared with women who are not firefighters; however, the reason why was unknown.

The research team, which included personnel at the Zuckerman College of Public Health's Center for Firefighter Health Collaborative Research, led this analysis to determine whether anxiety, depression or PTSD were associated with anti-Mullerian hormone levels. They found that clinical diagnoses of PTSD and anxiety were associated with reductions in anti-Mullerian hormone levels of 66% and 33%, respectively.

These findings highlight a potential mechanism through which adverse mental health conditions could lead to adverse reproductive outcomes. Further research is needed to identify potential areas for intervention.




"The work of this AMH study within the broader context of the FFCCS is imperative to taking care of all of our firefighters," said Capt. Caitlin St. Clair of the Puget Sound Regional Fire Authority. "These findings provide scientific leverage to fire departments to implement programs to reduce stress and improve the lives of our firefighter women."

The Women Firefighter Study, a subgroup of the Fire Fighter Cancer Cohort Study, aims to identify causes of stress, cancer and adverse reproductive health effects in women firefighters that would inform effective interventions to mitigate these conditions.

"This study demonstrates the power of the Fire Fighter Cancer Cohort Study Women Firefighter Study to evaluate exposures that lead to adverse gynecologic conditions," Valenti said. "The Women Firefighter Study would not be possible without our amazing fire service partners who have championed women firefighter research."

Co-authors from the Zuckerman College of Public Health include senior author Jeff Burgess, MD, MPH, a professor and director of the Center for Firefighter Health Collaborative Research at the U of A Mel and Enid Zuckerman College of Public Health and a member of the BIO5 Institute; Leslie Farland, ScD, an associate professor and member of the BIO5 Institute; Yiwen Liu, PhD, an assistant professor of epidemiology and biostatistics; Shawn Beitel, program administrator for firefighter research; research technician Jordan Baker; and graduate student Kaiwen Huang.

In addition to St. Claire, other fire service research liaisons who contributed to the study include Capt. John Gulotta of the Tucson Fire Department, Capt. Jamie Kolar and Derek Urwin, PhD, of the Los Angeles County Fire Department, and many other firefighters.

This research was funded by the Federal Emergency Management Agency under award nos. EMW-2015-FP-00213 and EMW-2019-FP-00526.
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Recommendations for studying the impact of AI on young people's mental health | ScienceDaily
A new peer-reviewed paper from experts at the Oxford Internet Institute, University of Oxford, highlights the need for a clear framework when it comes to AI research, given the rapid adoption of artificial intelligence by children and adolescents using digital devices to access the internet and social media.


						
Its recommendations are based on a critical appraisal of current shortcomings in the research on how digital technologies' impact young people's mental health, and an in-depth analysis of the challenges underlying those shortcomings.

The paper, "From Social Media to Artificial Intelligence: Improving Research on Digital Harms in Youth,' published 21 January in The Lancet Child and Adolescent Health, calls for a "critical re-evaluation" of how we study the impact of internet-based technologies on young people's mental health, and outlines where future AI research can learn from several pitfalls of social media research. Existing limitations include inconsistent findings and a lack of longitudinal, causal studies.

The analysis and recommendations by the Oxford researchers are divided into four sections:
    	A brief review of recent research on the effects of technology on children's and adolescents' mental health, highlighting key limitations to the evidence.
    	An analysis of the challenges in the design and interpretation of research that they believe underlie these limitations.
    	Proposals for improving research methods to address these challenges, with a focus on how they can apply to the study of AI and children's wellbeing.
    	Concrete steps for collaboration between researchers, policymakers, big tech, caregivers and young people.

"Research on the effects of AI, as well as evidence for policymakers and advice for caregivers, must learn from the issues that have faced social media research," said Dr Karen Mansfield, postdoctoral researcher at the OII and lead author of the paper. "Young people are already adopting new ways of interacting with AI, and without a solid framework for collaboration between stakeholders, evidence-based policy on AI will lag behind, as it did for social media."

The paper describes how the impact of social media is often interpreted as one isolated causal factor, which neglects different types of social media use, as well as contextual factors that influence both technology use and mental health. Without rethinking this approach, future research on AI risks getting caught up in a new media panic, as it did for social media. Other challenges include measures of social media use that are quickly outdated, and data that frequently excludes the most vulnerable young people.

The authors propose that effective research on AI will ask questions that don't implicitly problematise AI, ensure causal designs, and prioritise the most relevant exposures and outcomes.

The paper concludes that as young people adopt new ways of interacting with AI, research and evidence-based policy will struggle to keep up. However, by ensuring our approach to investigating the impact of AI on young people reflects the learnings of past research's shortcomings, we can more effectively regulate the integration of AI into online platforms, and how they are used.

"We are calling for a collaborative evidence-based framework that will hold big tech firms accountable in a proactive, incremental, and informative way," said Professor Andrew Przybylski, OII Professor of Human Behaviour and Technology and contributing author to the paper. "Without building on past lessons, in ten years we could be back to square one, viewing the place of AI in much the same way we feel helpless about social media and smartphones. We have to take active steps now so that AI can be safe and beneficial for children and adolescents."
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Can DNA-nanoparticle motors get up to speed with motor proteins? | ScienceDaily
DNA-nanoparticle motors are exactly as they sound: tiny artificial motors that use the structures of DNA and RNA to propel motion by enzymatic RNA degradation. Essentially, chemical energy is converted into mechanical motion by biasing the Brownian motion. The DNA-nanoparticle motor uses the "burnt-bridge" Brownian ratchet mechanism. In this type of movement, the motor is being propelled by the degradation (or "burning") of the bonds (or "bridges") it crosses along the substrate, essentially biasing its motion forward.


						
These nano-sized motors are highly programmable and can be designed for use in molecular computation, diagnostics, and transport. Despite their genius, DNA-nanoparticle motors don't have the speed of their biological counterparts, the motor protein, which is where the issue lies. This is where researchers come in to analyze, optimize, and rebuild a faster artificial motor using single-particle tracking experiment and geometry-based kinetic simulation.

"Natural motor proteins play essential roles in biological processes, with a speed of 10-1000 nm/s. Until now, artificial molecular motors have struggled to approach these speeds, with most conventional designs achieving less than 1 nm/s," said Takanori Harashima, researcher and first author of the study.

Researchers published their work in Nature Communications on January 16th, 2025, featuring a proposed solution to the most pressing issue of speed: switching the bottleneck.

The experiment and simulation revealed that binding of RNase H is the bottleneck in which the entire process is slowed. RNase H is an enzyme involved in genome maintenance, and breaks down RNA in RNA/DNA hybrids in the motor. The slower RNase H binding occurs, the longer the pauses in motion, which is what leads to a slower overall processing time. By increasing the concentration of RNase H, the speed was markedly improved, showing a decrease in pause lengths from 70 seconds to around 0.2 seconds.

However, increasing motor speed came at the cost of processivity (the number of steps before detachment) and run-length (the distance the motor travels before detachment). Researchers found that this trade-off between speed and processivity/run-length could be improved by a larger DNA/RNA hybridization rate, bringing the simulated performance closer to that of a motor protein.

The engineered motor, with redesigned DNA/RNA sequences and a 3.8-fold increase in hybridization rate, achieved a speed of 30 nm/s, 200 processivity, and a 3 mm run-length. These results demonstrate that the DNA-nanoparticle motor is now comparable to a motor protein in performance.




"Ultimately, we aim to develop artificial molecular motors that surpass natural motor proteins in performance," said Harashima. These artificial motors can be very useful in molecular computations based on the motion of the motor, not to mention their merit in the diagnosis of infections or disease-related molecules with a high sensitivity.

The experiment and simulation done in this study provide an encouraging outlook for the future of DNA-nanoparticle and related artificial motors and their ability to measure up to motor proteins as well as their applications in nanotechnology.

Takanori Harashima, Akihiro Otomo, and Ryota Iino of the Institute for Molecular Science at National Institutes of Natural Sciences and the Graduate Institute for Advanced Studies at SOKENDAI contributed to this research.

This work was supported by JSPS KAKENHI, Grants-in-Aid for Transformative Research Areas (A) (Publicly Offered Research) "Materials Science of Meso-Hierarchy" (24H01732) and "Molecular Cybernetics" (23H04434), Grant-in-Aid for Scientific Research on Innovative Areas "Molecular Engine" (18H05424), Grant-in-Aid for Early-Career Scientists (23K13645), JST ACT-X "Life and Information" (MJAX24LE), and Tsugawa foundation Research Grant for FY2023.
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New study uncovers key mechanism behind learning and memory | ScienceDaily

Researchers have identified a key pathway that links how neurons send signals to each other, or synaptic activity, to the expression of genes necessary for long-term changes in the brain, providing crucial insights into the molecular processes underlying memory formation.

"These findings illuminate a critical mechanism that connects local synaptic activity to the broader gene expression changes necessary for learning and memory," said Mark Dell'Acqua, professor of pharmacology at the University of Colorado Anschutz Medical Campus and senior author of the study. "This paper is mainly a basic science finding of a fundamental process of what nerve cells do. Understanding this relay system not only enhances our knowledge of brain function but could also better inform therapeutic treatments for cognitive disorders."

The nucleus where the genes that modify neuron function are controlled is a long distance away from where neurons receive input from their synapses, which are located in distant dendrites that extend like branches from the trunk of a tree. This research focuses on the cAMP-response element binding protein (CREB), a transcription factor known to regulate genes vital for dynamic changes at synapses which is essential for neuronal communication. Despite CREB's well-documented role in supporting learning and memory, the exact mechanisms leading to CREB activation during neuronal activity remain unclear.

Using advanced microscopy techniques, graduate student Katlin Zent in Dr. Dell'Acqua's research group revealed a crucial relay mechanism involving the activation of receptors and ion channels generating calcium signals that rapidly communicates from synapses in remote dendrite branches to the nucleus in the neuron cell body.

"Going forward, this research will enable us to better examine the way these pathways are utilized in different disease states," said Dell'Acqua. "We could see exactly what parts of this new mechanism are interfered with and where, giving us a better idea of how this pathway affecting learning and memory is impacted. This research highlights potential targets for interventions aimed at conditions like Alzheimer's disease and other memory-related disorders."
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Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state | ScienceDaily
A team led by researchers at Georgia State University has identified a novel group of neurons controlling the brain-heart-gut axis which can be activated to induce a hypometabolic state that resembles hibernation. The discovery could have wide-ranging impacts for scientific fields ranging from obesity to cardiometabolic health, and even space travel.


						
The new study is published in the journal Nature Metabolism.

Lead author Eric Krause is a professor of neuroscience, a Georgia Research Alliance (GRA) Distinguished Investigator at Georgia State University and a core member of the Center for Neuroinflammation and Cardiometabolic Disease (CNCD). Krause worked with researchers from the University of Florida and the Monell Chemical Senses Center in Philadelphia.

"We identified this population of neurons located near the base of the skull that relay the sensation of mechanical stretch exerted on the gut and heart to the brain. When these neurons are activated, they seem to recreate the sensation of feeling full or having increased blood pressure," Krause said. "We found that activating these neurons suppresses eating and lowers blood pressure, heart rate and whole-body metabolism."

During the research, the team discovered that simultaneous, recurrent firing of these neurons in mice produces a torpor-like state, similar to that of animals in hibernation, characterized by reductions in cardiac output, body temperature and energy expenditure.

"We found that repeated excitation of the neurons decreased body mass and produced a hypometabolic state without inducing anxiety-like behaviors that are often observed with chronic stress," Krause said. "This is changing what we know about body-to-brain communication and how profoundly it affects physiology and behavior."

The researchers were able to activate the population of neurons through a process known as chemogenetic excitation. Utilizing animal models to manipulate oxytocin signaling in the vagal sensory neurons, the team was able to assess impacts on various sensory function.




Oxytocin is commonly known as the love hormone and regulates how we respond to other people. Krause said the findings indicate that oxytocin may act on these neurons to also rule how we feel about ourselves, similar to what we think of as "gut feelings" or "heartache."

Krause said activating these neurons could be leveraged therapeutically to achieve weight loss without prolonged hypometabolism or stress side effects.

Researchers also believe this discovery could be a step toward developing treatments for cardiometabolic disease and extending longevity. Torpor is also being explored for applications ranging from biomedical therapeutics to slowing the metabolic rate of astronauts to enable long-duration space travel.

Guillaume de Lartigue is a co-author on the study and a researcher with the Monell Chemical Senses Center. He called this discovery an exciting step toward unlocking the therapeutic potential of the vagus nerve.

"We've tapped into the body's own energy-saving toolkit. By activating these neurons, we can trigger an ancient survival mechanism present in mammals," de Lartigue said. "If we can control the body's on/off switch for energy use, the implications for human health are extraordinary."

Annette de Kloet, an associate professor of neuroscience and part of the Georgia State research team, said the research highlights a novel approach to decreasing food intake, body weight and blood pressure without negative anxiogenic consequences.

"This discovery may lead to novel approaches that take advantage of body-brain communication to alleviate stress-induced cardiometabolic diseases, like obesity and hypertension," de Kloet said.

The research team has recently been awarded an additional $3.4 million grant from the National Institutes of Health to continue its work.

"Our GRA Distinguished Investigators are recognized for their exceptional vision and expertise," said Donald Hamelberg, interim vice president for research and economic development at Georgia State. "This latest breakthrough highlights the research excellence these scholars contribute to our university and to society."
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New paper creates roadmap for the next generation of bioelectronic medicine | ScienceDaily
From the ancient Egyptians' use of electric fish to treat headaches to the invention of pacemakers to regulate heart rhythms in the 1950s, the field of bioelectronic medicine -- which makes use of electrical signals instead of drugs to diagnose and treat disease -- has advanced and is started to come into its own. Where is the field now? And what are the most promising opportunities for life-changing new therapies and diagnostics?


						
New research led by Imanuel Lerman, head of the Lerman Lab of the UC San Diego Qualcomm Institute and UC San Diego School of Medicine Department of Anesthesiology, as well as the VA Center of Excellence for Stress and Mental Health, provides some answers.

"This paper is intended to be a roadmap to the future of the biomedicine field," Lerman said. "We're putting a flagpole in the ground and saying, 'This is what we're planning to do, and this is the story behind it.' That's why there are 180 references. We want to make sure that everybody has the resources they may need to be able to understand and read deeper if they want to."

The research, published today in the peer-reviewed journal Bioelectronic Medicine, was commissioned by Convergent Research, a nonprofit that addresses the need for focused, high-impact, multi-entity projects that might otherwise fall through the cracks of current funding mechanisms.

A World of Promise

Even beyond increasingly sophisticated pacemakers, bioelectronic medicine already has earned a place in modern medicine. Implantable devices have been approved by the US Food and Drug Administration for movement disorders such as Parkinson's disease (via deep brain stimulation); back pain and injury-related motor dysfunction (via spinal cord stimulation); and instances of epilepsy, depression, stroke and migraines (via stimulation of the vagus nerve, which helps control digestion, heart rate, mood and the body's inflammation response).

More recent developments have included noninvasive techniques, in which the nervous system can be stimulated by devices from outside of the body. Transcranial magnetic stimulation, for one, was approved for depression in 2008. Since then, its indications have expanded to include migraine-related pain, obsessive-compulsive disorder, smoking cessation and anxious depression.




Lerman and colleagues see much promise ahead.

The new paper highlights the advent of noninvasive bioelectronic techniques. Not only does this approach avoid surgery-related risks, but it also offers some distinct advantages over the pharmaceutical treatments we take for granted.

"Non-invasive neuromodulation is an emerging field where we believe there's a big opportunity," said Lerman, who is also a provider with UC San Diego Health. "The potential for scale is there, since a device doesn't have to be refrigerated. It's not a drug. All you need is electricity to run the device or a battery. And it can use the body's own system to tamp down inflammation."

In addition, pairing bioelectronic medical devices with sensors can create self-regulating "closed loop" systems that can adjust according to the needs of the individual. No longer tied to a standard dose of a drug, bioelectronic devices could truly provide individualized medicine continuously adjusting doses based on feedback from a patient's biomarkers.

While much work is still required to create such closed-loop systems, Lerman and colleagues see them as a potentially transformative approach to medical treatments.

Unique Capabilities

Even beyond this framework, bioelectronic medicine may introduce revolutionary new capabilities.




One tantalizing possibility is using bioelectronic medicine as a diagnostic tool. Previous research has suggested that the body produces a unique response to each infectious agent over time. Thus, these "time-series" patterns can accurately predict the disease-causing agent and could be used to guide effective treatment.

"The goal is to build a pathogen library," Lerman said, "where we would be able to identify the signature of each pathogen and then try to intervene with the correct amount of neuromodulation to impede the inflammation associated with that infection and to make that infection less severe."

Disease signatures have been shown in waveform data (EEG, respirogram, temperature), but Lerman and colleagues suggest that monitoring the activity of the vagus and other nerves in the autonomic (involuntary) nervous system could provide key information for this effort.

Another area where bioelectronic medicine could have an oversized impact is mental health. Recent research has highlighted inflammation and the immune system as key players in a host of mental health conditions.

"Mental health disorders -- including post-traumatic stress disorder, major depression disorder and general anxiety disorder -- are all at the core very much related to the 'neuro-immune axis' and regulation of inflammation," Lerman said. "Further pathological processes within the vagus nerve are known to occur with certain neuroinflammatory disorders such as long COVID and certain types of Parkinson's disease." Many different viruses and/or pathogen constituents can transmit from the gut via the vagus nerve to the brain, or, because of the inflammation in the gut, result in peripheral inflammation that also causes problems in the brain.

Lerman suggests bioelectronic medicine could assess brain inflammation to measure the severity of mental health disorders and be tapped to treat them with the precise dosage needed. Autonomic neurography or ANG is poised to be especially useful in clinical trials; it will objectively stratify mental health severity providing clinical trials with a precision medicine measure that can guide specific treatments.

Projects supported by U.S. Defense Advanced Research Projects Agency, National Institutes of Health, Biological Advanced Research & Development Authority, as well as the Office of Science and Technology Policy and other sources of funding and advocacy have brought bioelectronic medicine to this point, Lerman acknowledges.

"There is still a lot of work ahead of us," he said, "but these next-generation systems have much potential for new avenues of individualized and adaptive treatment."
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Simplified redesign of proteins to improve ligand binding | ScienceDaily
In biology, the binding of cellular proteins to molecules called ligands produces a myriad of functions essential for life, including cell signaling and enzymatic action. In biotechnology and medicine, the ability of researchers to alter proteins to refine control over binding affinity and specificity can create tailored therapeutics with reduced side effects, highly sensitive diagnostic tools, efficient biocatalysis, targeted drug delivery systems and sustainable bioremediation solutions.


						
Various approaches to such protein redesign have drawbacks. Traditional methods include time-consuming trial and error efforts, and many models in the emerging field of computational design demand extensive information about the protein structure and the pocket where a ligand binds.

Researchers led by Truong Son Hy, Ph.D., from the University of Alabama at Birmingham, offer a simplified method they call ProteinReDiff that uses artificial intelligence to speed the redesign of ligand-binding proteins.

"Our framework enables the design of high-affinity ligand-binding proteins without reliance on detailed structural information," said Hy, an assistant professor in the UAB Department of Computer Science. "We rely solely on initial protein sequences and ligand SMILES strings."

SMILES, or the Simplified Molecular Input Line Entry System, is a longstanding specification of the structure of molecules using only computer-readable ASCII characters.

"A key feature of our method is blind docking, which predicts how the redesigned protein interacts with its ligand without the need for predefined binding site information," Hy said. "This streamlined approach significantly reduces reliance on detailed structural data, thus expanding the scope for sequence-based exploration of protein-ligand interactions."

The researchers -- including Viet Thanh Duy Nguyen, FPT Software AI Center, Ho Chi Minh City, Vietnam, and Nhan D. Nguyen, University of Chicago, trained the artificial intelligence framework ProteinReDiff on numerous known structures of proteins and their binding ligands. They then were able to redesign selected protein-ligand pairs by stochastically masking amino acids and equivariantly denoising the diffusion model to capture the joint distribution of ligand and protein complex conformations.




Hy and colleagues compared ProteinReDiff against eight other computational protein design models based on input and output characteristics and improved ligand-binding of proteins from selected ligand-protein pairs.

With regard to input characteristics, six of the eight comparison models relied on protein structure information as one of the inputs; only ProteinReDiff and a model called DPL relied solely on protein sequence and ligand SMILES inputs. With regard to outputs, only ProteinReDiff produced new protein designs that included protein sequence, protein structure and ligand structure.

With regard to performance, redesigned proteins from selected protein-ligand pairs produced by ProteinReDiff and the eight other protein design models were compared for ligand binding affinity, amino acid sequence diversity and structure preservation. ProteinReDiff produced superior improvement in ligand binding affinity, compared to the other models.

"Our model excels in optimizing ligand binding affinity based solely on initial protein sequences and ligand SMILES strings, bypassing the need for detailed structural data," Hy said. "These findings open new possibilities for protein-ligand complex modeling, indicating significant potential for ProteinReDiff in various biotechnological and pharmaceutical applications."

ProteinReDiff stands for Protein Redesign based on Diffusion Models, and it incorporates key improvements inspired by the representation learning modules from the AlphaFold2 architecture of computer-based protein folding. These modules allow the ProteinReDiff framework to capture intricate protein-ligand interactions, improve the fidelity of binding affinity predictions and enable more precise redesigns of ligand-binding proteins.
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Building sentence structure may be language-specific | ScienceDaily
Do speakers of different languages build sentence structure in the same way? In a neuroimaging study published in PLOS Biology, scientists from the Max Planck institute for Psycholinguistics, Donders Institute and Radboud University in Nijmegen recorded the brain activity of participants listening to Dutch stories. In contrast to English, sentence processing in Dutch was based on a strategy for predicting what comes next rather than a 'wait-and-see' approach, showing that strategies may differ across languages.


						
While listening to spoken language, people need to link 'abstract' knowledge of grammar to the words they actually hear. Theories on how people build grammatical structure in real time are often based on English. In sentences such as 'I have watched a documentary', the noun 'documentary' immediately follows the verb. However, in Dutch sentences, the word order may be reversed: 'Ik heb een documentaire gezien' ('I have a documentary watched').

"To find out whether speakers of different languages build grammatical structure in the same way, it is important to look at languages that differ from English in such interesting respects," says first author Cas Coopmans. "Findings based on English may not generalise to languages that have different grammatical properties, such as Dutch."

Audiobook stories

To investigate how people build sentence structure in Dutch, the researchers measured the brain activity of 24 participants who listened to Dutch audiobook stories in a magnetoencephalograophy (MEG) scanner.

For every word in the audiobook, the researchers determined how much grammatical information could be built. A 'top-down' strategy based on early prediction of upcoming sentence structure was compared to a 'bottom-up' strategy, based on integrating grammatical information at a later stage.

Predicting what comes next

Both sentence building strategies could predict activity in the major left hemisphere's language areas. But the effects were much stronger for predictive structure building.

While speakers of English seem to adopt a 'wait-and-see' approach, speakers of Dutch are more likely to build sentences in a predictive manner. This means that speakers of different languages differ in how they build grammatical structure during language comprehension.

The researchers next want to apply this method to study other languages, as well as the role of different linguistic properties. "Now that we know that we can use this method to study how people build grammatical structure during naturalistic spoken language comprehension, we can see how this process is influenced by other linguistic properties. In future work, we will investigate how the brain might use the prosodic properties of speech to extract the grammatical structure of spoken sentences," says Coopmans.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250121162108.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Seeing the unseen: New method reveals 'hyperaccessible' window in freshly replicated DNA | ScienceDaily
DNA replication is happening continuously throughout the body, as many as trillions of times per day. Whenever a cell divides -- whether to repair damaged tissue, replace old cells, or simply to help the body grow -- DNA is copied to ensure the new cells carry the same genetic instructions.


						
But this fundamental aspect of human biology has been poorly understood, chiefly because scientists lack the ability to closely observe the intricate process of replication. Attempts to do so have relied on chemicals that damage the DNA structure or strategies that capture only short stretches of DNA, preventing a comprehensive picture.

In a new study published in Cell, scientists from Gladstone Institutes made a major leap in resolving this problem with a new method that combines long-read DNA sequencing with a predictive artificial intelligence model. Through this, they shed new light on what happens in the minutes and hours after new DNA is formed through replication.

"This has been a longstanding biochemical question because the machinery responsible for replication actually destroys all the DNA structure that exists, and that structure must be faithfully reestablished in new cells," says Gladstone Investigator Vijay Ramani, PhD, who led the study. "To understand how that's possible, we needed to create a new method for mapping the DNA structure before and after replication."

More Vulnerable Than We Knew

Ramani is at the forefront of a technological wave called single-cell genomics, which seeks to probe genome function at the level of individual cells and molecules. He and his team have developed many new methods for doing so, with the goal of understanding the molecular steps that regulate health or lead to disease.

In the new study, the team presents a method called RASAM, short for "replication-aware single-molecule accessibility mapping." And with this tool, they make a surprising discovery: Large sections of newly formed DNA are "hyperaccessible" for many hours -- meaning the DNA can be easily accessed by other proteins, including those involved in gene regulation.




"We would have thought this level of access would cause genomic haywire, but that's not what happens," Ramani says.

Unlike mature DNA that's packaged securely in units called nucleosomes, the team found that nascent DNA is partially unwrapped and remains "loose" for many hours after replication.

"The fact that we see this is completely novel," Ramani says. "It holds important implications for our basic understanding of biology, but also for the development of new medicines for many diseases."

For example, in cancer -- marked by rapidly dividing cells -- a medicine could potentially kill the cells by accessing them during the transient state after replication, Ramani explains. Or, scientists could leverage the period of accessibility to influence gene expression in ways that prevent disease.

Now You See It

Through their experiments, Ramani and his team -- including first authors Megan Ostrowski, a research associate in the Ramani Lab, and Marty Yang, PhD, a bioinformatics fellow -- also showed evidence that the increased accessibility is regulated at specific locations on DNA strands where the process of gene expression begins.

Yet, many questions remain unanswered and new questions emerged during the study, including how newly formed cells are protected. These represent new avenues of research for Ramani.

"What I love about this work is that it's all about the methods that enable discovery," Ramani says. "As biologists, we're at the mercy of what we can observe. Our ability to treat disease and make actionable decisions depends on how accurate our measurements are. That's why these new tools and methods are so important. We're now able to visualize regions of the genome that were previously unseen."
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'Unprecedented' level of control allows person without use of limbs to operate virtual quadcopter | ScienceDaily
A brain-computer interface, surgically placed in a research participant with tetraplegia, paralysis in all four limbs, provided an unprecedented level of control over a virtual quadcopter -- just by thinking about moving his unresponsive fingers.


						
The technology divides the hand into three parts: the thumb and two pairs of fingers (index and middle, ring and small). Each part can move both vertically and horizontally. As the participant thinks about moving the three groups, at times simultaneously, the virtual quadcopter responds, maneuvering through a virtual obstacle course.

It's an exciting next step in providing those with paralysis the chance to enjoy games with friends while also demonstrating the potential for performing remote work.

"This is a greater degree of functionality than anything previously based on finger movements," said Matthew Willsey, U-M assistant professor of neurosurgery and biomedical engineering, and first author of a new research paper in Nature Medicine. The testing that produced the paper was conducted while Willsey was a researcher at Stanford University, where most of his collaborators are located.

While there are noninvasive approaches to allow enhanced video gaming such as using electroencephalography to take signals from the surface of the user's head, EEG signals combine contributions from large regions of the brain. The authors believe that to restore highly functional fine motor control, electrodes need to be placed closer to the neurons. The study notes a sixfold improvement in the user's quadcopter flight performance by reading signals directly from motor neurons vs. EEG.

To prepare the interface, patients undergo a surgical procedure in which electrodes are placed in the brain's motor cortex. The electrodes are wired to a pedestal that is anchored to the skull and exits the skin, which allows a connection to a computer.

"It takes the signals created in the motor cortex that occur simply when the participant tries to move their fingers and uses an artificial neural network to interpret what the intentions are to control virtual fingers in the simulation," Willsey said. "Then we send a signal to control a virtual quadcopter."

The research, conducted as part of the BrainGate2 clinical trials, focused on how these neural signals could be coupled with machine learning to provide new options for external device control for people with neurological injuries or disease. The participant first began working with the research team at Stanford in 2016, several years after a spinal cord injury left him unable to use his arms or legs. He was interested in contributing to the work and had a particular interest in flying.




"The quadcopter simulation was not an arbitrary choice, the research participant had a passion for flying," said Donald Avansino, co-author and computer scientist at Stanford University. "While also fulfilling the participant's desire for flight, the platform also showcased the control of multiple fingers."

Co-author Nishal Shah, incoming professor of electrical and computer engineering at Rice University, explained, "controlling fingers is a stepping stone; the ultimate goal is whole body movement restoration."

Jaimie Henderson, a Stanford professor of neurosurgery and co-author of the study, said the work's importance goes beyond games. It allows for human connection.

"People tend to focus on restoration of the sorts of functions that are basic necessities -- eating, dressing, mobility -- and those are all important," he said. "But oftentimes, other equally important aspects of life get short shrift, like recreation or connection with peers. People want to play games and interact with their friends."

A person who can connect with a computer and manipulate a virtual vehicle simply by thinking, he says, could eventually be capable of much more.

"Being able to move multiple virtual fingers with brain control, you can have multifactor control schemes for all kinds of things," Henderson said. "That could mean anything, from operating CAD software to composing music."

Researchers Nick Hahn, Ryan Jamiolkowski, Foram Kamdar and Francis Willett at Stanford and Leigh Hochberg at Brown University also contributed to the study.

CAUTION: Investigational Device. Limited by Federal law to investigational use.
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HKU research identifies PICH protein as key player in preventing chromosome breakage linked to cancer | ScienceDaily
Researchers at The University of Hong Kong (HKU) have made an exciting discovery about how human cells protect DNA during cell division, offering new insights into combating diseases such as cancer.


						
Led by Professor Gary Ying Wai CHAN from the School of Biological Sciences, Faculty of Science, and Professor Ken Hoi Tang MA from the Department of Pathology, LKS Faculty of Medicine, the research uncovers the vital role of a protein called PICH in preventing genetic errors that can lead to diseases such as cancer. Their findings were recently published in the journal Nucleic Acids Research.

Ultrafine Anaphase Bridges -- A Hidden Threat to Our Genome

Every time a cell divides, it must ensure that its DNA is accurately copied and split between the two new cells. However, tiny threads of DNA, known as ultrafine anaphase bridges (UFBs), can sometimes form and cause problems if not properly managed. These UFBs can be thought of as invisible enemies that tangle up our genetic material.

Through their research, the HKU team discovered that the protein PICH acts like a radar, detecting these UFBs and helping to resolve them. They found that when PICH is missing or not functioning properly, cells experience severe genetic damage, including broken DNA, the formation of small DNA-containing structures called micronuclei, and activation of the cell's emergency response systems, which ultimately leads to cell death. Moreover, their findings revealed that such damage can trigger rearrangements of chromosomes -- hallmarks of cancer.

PICH prevents dangerous rearrangements of DNA

Building on these findings, the team further investigated the role of PICH in maintaining genetic stability. They found that without PICH, cells not only suffer from severe DNA damage but also accumulate significant genetic errors. A mutated version of PICH that cannot recruit other helper proteins provides only partial protection, while a completely inactive version of PICH fails to resolve UFBs, resulting in even more extensive genetic damage. PICH's activity is crucial for breaking down these DNA threads and preventing genetic chaos. Notably, when PICH is missing, genetic errors are more likely to occur in non-centromeric regions of the DNA due to the breakage of UFBs, leading to dangerous chromosome rearrangements that can cause disease.




Their research proposes that PICH protects human DNA through two key mechanisms. First, it assists another protein, topoisomerase IIa (TOP2A), in untangling the DNA threads. Second, it works with a protein called BLM helicase to convert tangled threads into a simpler, more manageable form. Together, these two actions ensure that DNA threads are properly resolved, preventing genetic errors that could lead to cancer.

"Our research shows how vital PICH is in protecting our DNA from damage during cell division. By understanding how PICH works, we can explore new ways to treat cancers such as colorectal, gastric and breast cancer, which are strongly linked to a high degree of chromosomal instability," said Professor Gary Ying Wai Chan, one of the corresponding authors of the paper.

"Next-generation sequencing (NGS) is a powerful tool for detecting genomic instability in diseases such as cancer. In our research, we used NGS to identify mutations in cells lacking PICH, demonstrating its effectiveness in uncovering genetic errors. This productive collaboration with Professor Chan has highlighted the importance of teamwork in scientific research," added Professor Ken Hoi Tang Ma, another corresponding author of the study.

This study highlights the critical role of PICH in maintaining the integrity of human genetic material. Understanding how PICH works opens new possibilities for developing treatments for diseases caused by genetic instability, such as cancer. "By targeting pathways involving PICH, we may be able to develop new therapies to prevent or treat these conditions," explained Professor Gary Ying Wai Chan.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250121130138.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Shorter, smarter, safer: Short-course antibiotics can revolutionize healthcare | ScienceDaily
Antibiotic overuse is a key driver in the rise of antimicrobial resistance (AMR), a major global health crisis. Researchers from the Yong Loo Lin School of Medicine, National University of Singapore (NUS Medicine) and Duke-NUS Medical School have provided compelling evidence that short-course antibiotic treatments can be a game-changer in tackling ventilator-associated pneumonia (VAP), a serious infection common in critically ill patients.


						
The findings from the landmark REGARD-VAP trial, published in Lancet Respiratory Medicine, and the accompanying economic analyses published in Lancet Global Health, highlight how prudent antibiotic use can curb resistance, effectively safeguarding patients as well as combatting the global threat of antimicrobial resistance while reducing healthcare costs.

Led by the NUS Medicine research team, the clinical trial examined over 450 patients across intensive care units (ICUs) in Singapore, Thailand, and Nepal. Results revealed that short-course antibiotics -- carefully tailored to individual patients' recovery -- are just as effective as traditional longer treatments in preventing death and recurrence of pneumonia. "By shortening the duration of antibiotics, we can reduce the risks of side effects and resistance without compromising patient outcomes," added Dr Mo Yin, Junior Academic Fellow at the Department of Medicine, NUS Medicine, and principal investigator of the clinical trial, and co-author of the economic analysis.

The economic analyses, led by the Duke-NUS research team, accompanying the trial were just published in the journal Lancet Global Health. They demonstrated that adopting short-course antibiotics offers significant value for healthcare systems. In Singapore, the strategy is cost-saving, reducing hospital expenditure while maintaining excellent outcomes for patients. In Thailand and Nepal, short-course antibiotics were highly cost-effective, with health gains outweighing the modest additional costs incurred. "Short-course antibiotics are a pragmatic solution that benefits patients and healthcare systems alike, particularly in resource-limited settings," said Assistant Professor Yiying Cai, lead researcher from the Health Services and Systems Research Programme at Duke-NUS.

The REGARD-VAP study's findings have practical implications for hospitals worldwide. Short-course antibiotics can streamline treatment in ICUs, where managing infections efficiently is vital. The approach is effective across high-income (Singapore), middle-income (Thailand), and low-income (Nepal) settings, making it a scalable solution for diverse healthcare systems. These results provide robust evidence including cost-effectiveness data for policymakers to adopt short-course antibiotics into national and institutional guidelines.

The team hopes to disseminate their findings globally to encourage the adoption of short-course antibiotics, particularly in regions with limited resources. They also advocate for integrating cost-effectiveness studies into future clinical trials to strengthen both clinical and economic decision-making processes. By reducing unnecessary antibiotic exposure, short-course treatments help preserve the effectiveness of existing drugs for future generations. Every additional day of antibiotic use increases the risk of drug resistance by 7%. Reducing treatment duration is a critical step in combating this silent epidemic. "Prudent antibiotic use is essential to combat antimicrobial resistance and optimise healthcare outcomes. Our findings make a strong case for adopting short-course antibiotics as the new standard of care," concluded Dr Mo Yin.
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A team with diverse expertise produces novel ideas -- but are they practical? | ScienceDaily
Contrary to the widespread belief that teams with diverse expertise are automatically more creative, a new study by a joint team of researchers from the University of Waterloo, Xiamen University and Texas Tech University reveals this isn't always the case.


						
The study, the first of its kind in the accounting field to explore team creativity with neuroimaging, shows that while teams with differing skill sets and perspectives bring fresh, unique ideas to the table, they often struggle to create practical, workable solutions -- raising important questions for managers and businesses worldwide.

In an experiment, teams made up of members with different areas of expertise -- engineers and accountants -- were tasked with coming up with creative uses for an unused university space. The study found that teams with a mix of skills generated more unique proposals, but their ideas were often less useful compared to teams where everyone shared the same expertise.

"Our study challenges the trendy belief that teams with diverse expertise always boost creativity," said Adam Presslee, a professor from the School of Accounting and Finance at Waterloo. "While teams with differing skill sets and perspectives tend to come up with more original ideas, they also face friction when trying to turn those ideas into practical, implementable solutions."

The study, a collaboration between Drs. Presslee, Yasheng Chen and Sue Yang used cutting-edge brain-scanning technology, known as functional near-infrared spectroscopy (fNIRS), to measure how participants' brains responded during team collaboration. This powerful tool allowed researchers to peek inside the "black box" of the brain to understand why teams with differing skill sets and perspectives have mixed effects on creativity.

The experiment was comprised of 40 two-person teams who were each fitted with an fNIRS brain scanning cap to see how synchronized the team members' brain activities were. They found that when team members' brains were more synchronized in certain areas, it influenced their ideas' uniqueness or usefulness.

The study offers two scientific contributions that challenge the belief that varied skill sets within teams boost creativity and maximize efficiency. The first is that while diverse expertise enhances the uniqueness of team ideas, it reduces their usefulness -- leading to a complex balancing act for managers. Ultimately, skill diversity in teams can be a double-edged sword in terms of its effect on creativity.

Secondly, by using neuroimaging, the study demonstrated that teams with differing skill sets and perspectives trigger different areas of the brain associated with divergent and convergent thinking.

The study should significantly resonate for businesses, especially for managers where applying functional diversity isn't a one-size-fits-all solution.

"For companies to get the most out of their teams, they need to think carefully about what kind of creative output they want," Presslee said. "Diverse expertise is great if the goal is innovative, 'out of the box' ideas. But if you need timely usable ideas, you may want a more focused, uniform team."
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Little birds, little poops, little food safety risk | ScienceDaily
It doesn't require a degree in ornithology, a lab test or even an app for most growers to determine whether bird poop near their crops presents a food safety risk. They just need to ask themselves a simple question: How big is it?


						
That's according to a study from the University of California, Davis, published today in the Journal of Applied Ecology. The study said an informed, nuanced view of food-safety risks and wild birds could help growers avoid crop losses and manage farms for food safety, biodiversity conservation and crop production.

Since 2006, when an E. coli outbreak devastated the U.S. leafy greens industry, growers have been pressured to remove natural habitat to keep wildlife -- and the foodborne pathogens they sometimes carry -- from visiting crops. Growers are often advised not to harvest crops within a roughly three-foot radius of any wildlife feces, lest they risk failing a food safety audit or losing a buyer contract. Growers often cite such concerns as a barrier to implementing conservation actions they would otherwise consider taking on their farms.

"We wanted to find out the true risk of wild birds to food safety," said lead author Austin Spence, a postdoctoral researcher in the UC Davis Department of Wildlife, Fish and Conservation Biology. "Which birds have pathogens, which birds are spending time on farms, and if a bird has a pathogen, does that pathogen survive long in bird poop? Our findings indicate that we can co-manage our areas for both agriculture and conservation."

Where pathogens persist

Through field and greenhouse experiments, bird surveys, point counts and fecal transects, the authors assessed food-safety risks from nearly 10,000 birds across 29 lettuce farms on California's Central Coast. They spent hours following turkeys, bluebirds and other wild birds at the UC Davis Student Farm and nearby Putah Creek, collecting hundreds of fecal samples. They compared E. coli survival in bird droppings on lettuce, soil and plastic mulch to measure pathogen persistence.

After all of these efforts, they landed on a simple finding: Smaller poops from smaller birds carry very low risk of foodborne pathogens, which were rare in birds overall. If a bird were to become infected, pathogen survival depends heavily on the bird's size.




"Birds that are large produce really big feces, and that's where pathogens are more likely to survive," said Spence. "Birds that are small have tiny feces, and the pathogens die off quickly. So farmers don't have to know the species of bird it came from. They just need to know the size. If it's the size of a quarter, don't harvest near that. If it's a tiny white speck, it's very low risk and probably fine."

Balancing conservation, crop yields, and food safety

Beyond fecal size, what the birds pooped on -- be it the crop, soil or plastic -- made a difference for pathogen survival. In the study, E. coli survived longer on lettuce itself than on soil or plastic mulch.

Fortunately, about 90% of birds observed on the farms were small and tended to poop mostly on soil, where pathogens perish quickly. By avoiding no-harvest buffers when food-safety risks are low, growers of leafy greens could harvest about 10% more of their fields.

"Birds generally present really low food-safety risks," said senior author Daniel Karp, a UC Davis professor in the Department of Wildlife, Fish, and Conservation Biology. "The industry has been concerned about birds for a while. But pathogenic E. coli and Salmonella are vanishingly rare in wild, farmland birds. And we now know E. coli tends to die off quickly in most bird poop."

The study opens up new strategies for growers to better balance conservation and food-safety risks. For example, growers could erect nest boxes to attract small, beneficial insect-eating birds, like bluebirds and swallows, that help control pests without risking food safety.




The work also contributes to a growing body of research that suggests growers do not need to remove habitat to improve food safety.

"There have been no studies to date that suggest habitat removal improves food safety," Karp said. "Habitat around farms is actually likely to favor the small, insect-eating birds that are unlikely to carry pathogens. Studies like ours are giving farmers science-based permission to conserve habitat -- and many species of wild birds -- on their farms again."

The study's additional coauthors are Jeffery McGarvey and SangIn Lee at the USDA Agricultural Research Service, Olivia Smith at Michigan State University, Elissa Olimpi at Conservation Science Partners, and undergraduates Wentao Yang and Meirun Zhang at UC Davis.

The study was funded through the Center for Produce Safety, the California Department of Food and Agriculture and the U.S. Department of Agriculture.
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Structural insights reveal drug target in trypanosome parasites | ScienceDaily
Trypanosomes are parasites that cause deadly diseases in humans and animals, such as Human African Trypanosomiasis (sleeping sickness), Chagas disease, and Nagana in cattle. According to the World Health Organisation, sustained control efforts have reduced the number of sleeping sickness infections, but millions of people are still estimated to be infected with Chagas disease. Diagnosis and treatment remain complex, and no effective vaccine has been developed for these neglected tropical diseases.


						
A new study from the Kowalinski group at EMBL Grenoble characterised the structure of an important trypanosomal protein complex, potentially paving the way for novel drug discovery in the future.

Currently, the insect species that transmit trypanosomes are mostly found in the Southern Hemisphere. However, as climate change may increase the spread of insect-borne diseases across the globe, understanding the biology of these parasites is becoming even more urgent.

Trypanosomes -- like other living organisms -- transcribe their DNA into messenger RNAs (mRNAs), which serve as a set of instructions for the cells to build proteins, which are essential for nearly all processes in living organisms. They perform specific biological tasks, such as the infection process in the host.

Both humans and trypanosomes are eukaryotic organisms -- those that pack their DNA into a nucleus. In eukaryotes, mRNAs undergo extensive processing before the instructions they carry can be used by the cell. Since the processing of human and trypanosome mRNAs bears significant differences, a better understanding of these molecular processes is fundamental to developing drugs that specifically inhibit RNA processing in the parasite without affecting human cells.

In their recent study, published in Nature Communications, the Kowalinski group characterised the nuclear cap-binding complex. This complex binds all mRNAs in trypanosomes and is vital for correct mRNA processing and thus for the survival of the parasite. The researchers reveal major differences between the trypanosomal and human nuclear cap-binding complex, suggesting it could serve as a potential drug target.

Different pathways

In all eukaryotes, the nuclear cap-binding complex is a key player in cellular RNA metabolism. It binds RNA at a very early stage during its production. Other components (called factors) of the cellular machinery then interact with the newly synthesised RNA molecule via the cap-binding complex. These factors use the cap-binding complex as a platform to lead the RNA to its next processing step or to a new location in the cell.




Unlike its human counterpart, which has two sub-units, the trypanosome nuclear cap-binding complex consists of four subunits. The function of three of them had not been understood so far -- which triggered the interest of the Kowalinski group.

Their research revealed that the complex consists of two lobes -- one that resembles the human complex and a second part that is connected to the first through a very flexible protein.

"A major challenge of studying this complex was its flexibility," said Harald Bernhard, former PhD student in the Kowalinski group and first author of the study. "I was using cryo-electron microscopy (cryo-EM) to generate a structure of the complex, but the flexible parts were never resolved in our data. We thus turned to small-angle X-ray scattering." The researchers used the X-ray beams available at the European Synchrotron Radiation Facility on Grenoble's European Photon and Neutron science campus to assess the flexible parts of the complex.

The end of mRNA molecules usually carries a chemical modification, but in trypanosomes, this so-called 'cap' is hypermodified, with many more modifications than in other organisms."Since trypanosomes carry a special RNA cap structure, we were also interested in how exactly the nuclear cap-binding complex interacts with this cap and the RNA molecule in general," added Eva Kowalinski, EMBL Grenoble Group Leader and the principal investigator on this project.

The researchers used their cryo-EM structures to reveal the interaction between the nuclear cap-binding complex and the RNA cap structure. Binding assays also suggested a second, novel, binding site for RNA in the complex. "We followed up on this observation and determined that one of the flexibly linked subunits, whose function was previously unknown, specifically binds double-stranded RNAs," explained Hana Petrzilkova, a research assistant in the Kowalinski lab who contributed to the publication.

A potential drug target and future studies

Because it is essential for the parasite, but very different from the human complex, the cap-binding complex could be a future drug target.




"This avenue is currently being explored by a PhD student in my group," added Kowalinski. "This project is supported by EMBL and the local University of Grenoble Alpes through the 'Grenoble Attractiveness and Excellences Initiative' with funding of the France 2030 framework of the French National Research Agency ANR."

Additionally, the data on the nuclear cap-binding complex will serve as the foundation to fully understand the details of RNA biogenesis and processing in Trypanosoma brucei (T.brucei). In addition to its impact on human and animal health, T. brucei is also used as a model organism in research to explore the origins of eukaryotic life and evolution.

Kowalinski also recently received ERC funding to study mRNA processing in trypanosomes through a mechanism called trans-splicing. Trans-splicing holds promise as a molecular tool for RNA editing -- a novel approach to gene therapy currently being tested in a variety of clinical trials.
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Antibiotics, vaccinations and anti-inflammatory medication linked to reduced risk of dementia | ScienceDaily
Antibiotics, antivirals, vaccinations and anti-inflammatory medication are associated with reduced risk of dementia, according to new research that looked at health data from over 130 million individuals.


						
The study, led by researchers from the universities of Cambridge and Exeter, identified several drugs already licensed and in use that have the potential to be repurposed to treat dementia.

Dementia is a leading cause of death in the UK and can lead to profound distress in the individual and among those caring for them. It has been estimated to have a worldwide economic cost in excess of US$1 trillion dollars.

Despite intensive efforts, progress in identifying drugs that can slow or even prevent dementia has been disappointing. Until recently, dementia drugs were effective only for symptoms and have a modest effect. Recently, lecanemab and donanemab have been shown to reduce the build-up in the brain of amyloid plaques -- a key characteristic of Alzheimer's disease -- and to slow down progression of the disease, but the National Institute for Health and Care Excellence (NICE) concluded that the benefits were insufficient to justify approval for use within the NHS.

Scientists are increasingly turning to existing drugs to see if they may be repurposed to treat dementia. As the safety profile of these drugs is already known, the move to clinical trials can be accelerated significantly.

Dr Ben Underwood, from the Department of Psychiatry at the University of Cambridge and Cambridgeshire and Peterborough NHS Foundation Trust, said: "We urgently need new treatments to slow the progress of dementia, if not to prevent it. If we can find drugs that are already licensed for other conditions, then we can get them into trials and -- crucially -- may be able to make them available to patients much, much faster than we could do for an entirely new drug. The fact they are already available is likely to reduce cost and therefore make them more likely to be approved for use in the NHS."

In a study published today in Alzheimer's and Dementia: Translational Research & Clinical Interventions, Dr Underwood, together with Dr Ilianna Lourida from the University of Exeter, led a systematic review of existing scientific literature to look for evidence of prescription drugs that altered the risk of dementia. Systematic reviews allow researchers to pool several studies where evidence may be weak, or even contradictory, to arrive at more robust conclusions.




In total, the team examined 14 studies that used large clinical datasets and medical records, capturing data from more than 130 million individuals and 1 million dementia cases. Although they found a lack of consistency between studies in identifying individual drugs that affect the risk of dementia, they identified several drug classes associated with altered risk.

One unexpected finding was an association between antibiotics, antivirals and vaccines, and a reduced risk of dementia. This finding supports the hypothesis that common dementias may be triggered by viral or bacterial infections, and supports recent interest in vaccines, such as the BCG vaccine for tuberculosis, and decreased risk of dementia.

Anti-inflammatory drugs such as ibuprofen were also found to be associated with reduced risk. Inflammation is increasingly being seen to be a significant contributor to a wide range of diseases, and its role in dementia is supported by the fact that some genes that increase the risk of dementia are part of inflammatory pathways.

The team found conflicting evidence for several classes of drugs, with some blood pressure medications and anti-depressants and, to a lesser extent, diabetes medication associated with a decreased risk of dementia and others associated with increased risk.

Dr Ilianna Lourida from the National Institute for Health and Care Research Applied Research Collaboration South West Peninsula (PenARC), University of Exeter, said: "Because a particular drug is associated with an altered risk of dementia, it doesn't necessarily mean that it causes or indeed helps in dementia. We know that diabetes increases your risk of dementia, for example, so anyone on medication to manage their glucose levels would naturally also be at a higher risk of dementia -- but that doesn't mean the drug increases your risk.

"It's important to remember that all drugs have benefits and risks. You should never change your medicine without discussing this first with your doctor, and you should speak to them if you have any concerns."

The conflicting evidence may also reflect differences in how particular studies were conducted and how data was collected, as well as the fact that different medications even within the same class often target different biological mechanisms.

The UK government is supporting the development of an Alzheimer's trial platform to evaluate drugs rapidly and efficiently, including repurposed drugs currently used for other conditions.

"Pooling these massive health data sets provides one source of evidence which we can use to help us focus on which drugs we should try first," said Dr Underwood. "We're hopeful this will mean we can find some much-needed new treatments for dementia and speed up the process of getting them to patients."
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Why our biological clock ticks: Research reconciles major theories of aging | ScienceDaily
Researchers at University of California San Diego School of Medicine have published results that shed new light on an old question: what causes aging at the molecular level? Their findings, published in Nature Aging, describe a never-before-seen link between the two most accepted explanations: random genetic mutations and predictable epigenetic modifications. The latter, also known as the epigenetic clock theory, has been widely used by scientists as a consistent, quantitative measure of biological aging.


						
However, the new research suggests that the process may not be so simple.

"Major research institutions and companies are betting on turning back the epigenetic clock as a strategy to reverse the effects of aging, but our research suggests that this may only be treating a symptom of aging, not the underlying cause," said co-corresponding author Trey Ideker, Ph.D., a professor at UC San Diego School of Medicine and UC San Diego Jacobs School of Engineering. "If mutations are in fact responsible for the observed epigenetic changes, this fact could fundamentally change the way we approach anti-aging efforts in the future."

There are two prevailing theories about the relationship between aging and DNA. The somatic mutation theory suggests that aging is caused by the accumulation of mutations, permanent changes in our DNA sequence that occur randomly. The epigenetic clock theory suggests that aging occurs due to the accumulation of epigenetic modifications, minor changes to the chemical structure of DNA that do not alter the underlying sequence, but instead change which genes are on or off. Unlike mutations, epigenetic modifications can also be reversed in some cases.

Because epigenetic modifications only occur at specific sites on our genome rather than at random locations, they are easier to quantify and have become a go-to way for scientists to determine the "biological age" of cells. However, scientists have long wondered about the source of these epigenetic changes.

To answer this fundamental question, researchers analyzed data from 9,331 patients catalogued in the Cancer Genome Atlas and the Pan-Cancer Analysis of Whole Genomes. By comparing genetic mutations to epigenetic modifications, they found that mutations were predictably correlated with changes in DNA methylation, one type of epigenetic modification. They found that a single mutation could cause a cascade of epigenetic changes across the genome, not just where the mutation occurred. Using this relationship, the researchers were able to make similar predictions of age using either mutations or epigenetic changes.

"Epigenetic clocks have been around for years, but we're only now beginning to answer the question of why epigenetic clocks tick in the first place," said first author Zane Koch, a Ph.D. candidate in bioinformatics at UC San Diego. "Our study demonstrates for the first time that epigenetic changes are intricately and predictably tied to random genetic mutations."

The study's authors note that further research is needed to fully understand the relationship between somatic mutations and epigenetic changes in aging. However, the study's findings provide a major breakthrough in our understanding of the aging process and have important implications for the development of new therapies aimed at preventing or reversing aging.




"If somatic mutations are the fundamental driver of aging and epigenetic changes simply track this process, it's going to be a lot harder to reverse aging than we previously thought," added co-corresponding author Steven Cummings, M.D., executive director of the San Francisco Coordinating Center at UC San Francisco and senior research scientist at Sutter Health's California Pacific Medical Center Research Institute. "This shifts our focus from viewing aging as a programmed process to one that's largely influenced by random, cumulative changes over time."

In addition to Ideker, Cummings and Koch, the study was co-authored by Adam Li at UC San Diego and Daniel S. Evans at California Pacific Medical Center Research Institute and UC San Francisco.

This study was funded by the National Institutes of Health (grants U54 CA274502 and P41 GM103504).
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Telephone therapy reduces fatigue interference with activities, mood and cognition for metastatic breast cancer survivors | ScienceDaily
With medical advances, more than 169,000 people in the United States are living with metastatic breast cancer. Addressing debilitating symptoms has become increasingly crucial. Fatigue remains a significant challenge, affecting up to 63 percent of patients and severely impacting daily functioning.


						
A study demonstrates the effectiveness of telephone-delivered acceptance and commitment therapy (ACT) in reducing fatigue's interference with functioning and improving the quality of life for survivors of metastatic breast cancer. ACT is a behavioral intervention that has shown promise in pilot studies in advanced cancer. Rather than aiming to reduce symptoms, the goal of ACT is to promote psychological flexibility, consisting of mindfulness/acceptance and commitment/behavior change processes.

Researchers also found that the remote ACT intervention has shown evidence of feasibility and promise in reducing sleep interference with functioning of the patients. Cancer-related fatigue is often exacerbated by the physiological consequences of inadequate sleep.

"The women I worked with in the study often reported that their sleep quality had improved because they were practicing mindfulness at bedtime and that was allowing them to feel a greater sense of peace in their life," said Regenstrief Institute Research Scientist Shelley Johns, PsyD, an associate professor of medicine at the Indiana University School of Medicine and a clinician-scientist at the IU Melvin and Bren Simon Comprehensive Cancer Center.

"The ACT intervention helped participants to fall asleep with greater ease. We think that the sleep quality improved for some participants because they were practicing mindfulness, which has been shown to support enhanced sleep."

During the clinical trial, 250 survivors living with metastatic breast cancer were randomly assigned to six weekly telephone sessions of ACT or education/support. The results of the telephone-delivered ACT intervention suggest that brief remote conversations with a therapist help encourage the survivors to practice mindfulness in their daily lives, which leads to reduced fatigue interference with functioning.

"Breast cancer is one of the most common cancers affecting women throughout the world. We don't have effective medications for fatigue in advanced cancer," said Regenstrief Institute Affiliate Scientist and first author Catherine Mosher, PhD. "I was drawn to acceptance and commitment therapy as a potential behavioral intervention to help reduce the negative impact of fatigue on functioning because it has shown evidence of effectiveness for patients with chronic pain as well as people with mental health conditions.

"Mindfulness involves focused attention on the present moment, including symptoms that one may be experiencing and thoughts and feelings, and having an attitude of compassionate acceptance of those experiences," said Dr. Mosher, also a behavioral scientist in the Department of Psychology, Indiana University Indianapolis School of Science. "We hypothesized that this would interrupt more maladaptive reactions to fatigue, such as ruminating about the fatigue or catastrophizing, and also by being more in tune with one's body, more aware of what one is experiencing, one can make choices that enrich quality of life."

This study informs clinical care by demonstrating that a novel, telephone-delivered ACT intervention can reduce fatigue interference with functioning in patients with metastatic breast cancer and shows promise in reducing sleep interference. Training in ACT is accessible to clinicians from various disciplines. Next steps include testing the intervention in culturally diverse cancer populations and disseminating the intervention.
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Brain immune cells may also be from 'Mars and Venus' | ScienceDaily
A collision happens. Someone is hurt, a head injury, a concussion. Just as the first responders arrive to help the person, inside the brain, another "crew" of responders is busy clearing debris and repairing injured tissue.


						
This crew is called the microglia -- the immune cells of the central nervous system. Microglia are imperative to maintaining neuronal function by clearing toxins in the brain and central nervous system. But if they are overactive, they can damage neurons instead and, in some cases, have been found to promote the progression of neurodegenerative diseases like Alzheimer's and Parkinson's.

During development, there are known sex-related differences in how microglia function. But into adulthood, there was thought to be less variation in how they behave. New research from the Del Monte Institute for Neuroscience at the University of Rochester finds that microglia function may not be as similar across sex as once thought. This discovery could have broad implications for how diseases like Alzheimer's and Parkinson's are approached and studied, and points to the necessity of having gender specific research. It is already known that more women are diagnosed with Alzheimer's and more men are diagnosed with Parkinson's but it's unclear as to why.

"It is a fortuitous finding that has repercussions for what people are doing in the field, but also helps us understand microglia biology in a way that people may not have been expecting," said Ania Majewska, PhD, professor of Neuroscience and the senior author of a study out today in Cell Reports that shows how microglia respond differently in adult male versus female mice when given an enzyme inhibitor to block its microglia survival receptor. "This research has a lot of ramifications for microglia biology and as a result all these diseases where microglia are important in a sex specific manner."

Pexidartinib or PLX3397 is an enzyme inhibitor commonly used to remove microglia in the lab setting to help researchers better understand the role of these cells in brain health, function, and disease. PLX3397 is also used to treat the rare disease tenosynovial giant cells tumors (TGCT) a condition that causes benign tumors to grow rapidly in the joints.

Researchers in the Majewska Lab were using PLX3397 in male versus female experiments but continued to run into difficulties, so they decided to take a different approach with the inhibitor. Instead of using it to ask other questions, they decided to better understand how microglia were responding to the drug in males versus females.

Linh Le, PhD ('24), currently a Research Scientist, SetPoint Medical Corp was a graduate student in the Majewska Lab and is first author of this study, found the expected response from microglia to PLX3397 in male mice -- it blocked the receptor that signals microglial survival and depleted the microglia. However, Le, et al, were surprised to find that female microglia responded with a different signaling strategy that resulted in increased microglial survival and less depletion.

"These findings are crucial in the rapidly emerging field of developing disease-modifying therapies that target microglia," said Majewska. "We do not yet know why the microglia are acting differently in the two sexes. I think we'd like to understand how the signaling through this receptor is regulated in different conditions, i.e. hormonal changes, basal state, inflammatory, or an anti-inflammatory state."

Additional authors include Sophia Eliseeva, Elizabeth Plunk, Kallam Kara-Pabani, Herman Li, Felix Yarovinsky, PhD, of the University of Rochester. This work was supported by the National Institute of Neurological Disorders and Stroke, the Department of Defense, and the Goodman award, and the Kilian J. and Caroline F. Schmitt Foundation through Del Monte Institute for Neuroscience Pilot Program.
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Treatment for children with obesity has lasting effect | ScienceDaily
When children with obesity undergo weight-loss treatment, the effects have repercussions later in life and the risk of serious health problems and premature death is lower as they reach young adulthood. However, this is not the case for depression and anxiety, a study from Karolinska Institutet published in JAMA Pediatrics reports.


						
The study shows that children and adolescents who respond well to obesity treatment are less likely to develop obesity-related diseases, such as type 2 diabetes, hypertension and dyslipidaemia (abnormally high levels of fat in the blood) as young adults.

The treatment studied involved support for children with obesity and their families designed to motivate healthy diets, exercise and sleep habits -- what is known as "behavioural lifestyle therapy."

"The results are very good news," says Emilia Hagman, docent at the Department of Clinical Science, Intervention and Technology. "Whether or not the treatment of obesity in childhood has long-term health benefits have been debated, since weight-loss is hard to maintain."

The study shows that children with obesity who respond to treatment also run a lower risk of premature death. A previous study, published in PLOS Medicine by the same research group, has shown that children with obesity have a much higher mortality risk in early adulthood, and were much more likely to die from suicide and somatic conditions. Just over a quarter of deaths were obesity-related.

"This emphasises the importance of providing early treatment, as we know that timely intervention increases the likelihood of success and helps mitigate the long-term health risks associated with obesity" says Dr Hagman.

However, the risk of depression and anxiety was not affected by the treatment outcomes in childhood, the JAMA Pediatrics paper shows. No matter the outcome of obesity treatment in childhood, the risk of anxiety and depression was unchanged in young adulthood.




"It has been believed that weight loss could decrease symptoms of depression and anxiety, but we can now show that it's not the case," says Dr Hagman. "Even though there's a link between the two comorbidities, they must be treated in parallel."

The study included over 6,700 individuals who had received treatment for obesity during childhood identified via the BORIS register (the Swedish Childhood Obesity Treatment Register) and who were then followed up as young adults in the Swedish Patient Register, the Prescribed Drugs Register and the Cause of Death Register. A control group from the general population was also used, matched by age, sex and place of residence.

GLP1 analogues, which have become popular obesity drugs in recent years, were not part of the study as they were yet approved when the study participants were being treated for obesity. As Dr Hagman points out, it is still uncommon for this type of drug to be administered to children.

"I'm in favour of their use as these drugs eases feelings of hunger, which is something that some children struggle with" she says. "That said, lifestyle therapy is still the foundation of all treatments for childhood obesity."

The research group will now be trying to identify therapy options that are most effective for different individuals and the health/risk markers that are significant for future health.

Conflict of Interest Disclosures: The study was sponsored by Novo Nordisk A/S, which was partly involved in the study design and interpretation of data, but not in data collection or analysis. Article writing and editorial support was paid by the funder. Two of the article's co-authors are employed by Novo Nordisk and one of them owns shares in Novo Nordisk and another pharmaceutical company. Two co-authors own shares in Evira AB, which provides digital care for paediatric obesity. The study was also funded by the Ake Wiberg Foundation and the Ollie and Elof Ericsson's Foundation, Emilia Hagman has conducted contract research for Novo Nordisk.
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Violence on TV: What happens to children who watch? | ScienceDaily
Results of new study led by Linda Pagani, Professor at the Universite de Montreal's School of Psychoeducation, long-term associated risks of early exposure to violent content in childhood and later teen antisocial behavior, more than a decade later.


						
"Although past evidence showing causal links between modelling and getting rewarded for violence had an immediate impact on aggressive behavior in 4-year-old children, few studies have investigated long-term risks with antisocial behavior. We studied such risks in mid-adolescence, explained Pagani, who is also a researcher at the Centre de recherche Azrieli du CHU Sainte-Justine. It was ideal to study this question with typically developing middle-class children because, as a population, they have the lowest chances of engaging in aggression and behavior harmful to others."

Close to 2,000 children 

In all, Pagani and her team looked at 963 girls and 982 boys born between the springs of 1997 and 1998 who were enrolled in the Quebec Longitudinal Study of Child Development. Parents reported the frequency of their child's exposure to violent television content at ages 3.5 and 4.5 years old. Boys and girls then self-reported on several aspects of antisocial behavior at age 15.

The study defines screen violence as anything "characterized by physical aggression, verbal aggression, and relational aggression [...] depicting situations that intentionally attempt or cause harm to others." Children, the study says "are attracted to fast-paced, stimulating violent content, which often features appealing characters like superheroes who commit and are rewarded for aggressive acts, thus increasing the likelihood of exposure."

The researchers then conducted analyses to examine whether exposure to violent television content at ages 3.5 and 4.5 years predicted later antisocial behavior eleven years later.

The researcher added, "We statistically took into account alternative child and family factors that could have explained our results, to be as close as possible to the truth in the relationships we were looking at."

Boys stand out




At age 15, for boys only, preschool violent televiewing predicted increases in antisocial behavior. Being exposed to violent content in early childhood predicted later aggressive behaviors such as hitting or beating another person, with the intention of obtaining something, stealing, with or without any apparent reason.

Risks also included threats, insults, and gang fight involvement. The use of weapons is also among the behavioral outcomes predicted by exposure to childhood television violence in this study. No effects were found for girls, which was not surprising given that boys are generally more exposed to such content.

Pagani concluded, "Our study provides compelling evidence that early childhood exposure to media violence can have serious, long-lasting consequences, particularly for boys. This underscore the urgent need for public health initiatives that targets campaigns to inform parents and communities about the long-term risks and empower them to make informed choices about young children's screen content exposure."

The entire team of students from Universite de Montreal and researchers from the United States and Italy established that, "Parents and communities can play a crucial role in limiting future problems by carefully avoiding young children's exposure to violent media content."
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Inflammation may explain stomach problems in psoriasis sufferers | ScienceDaily
People with the skin condition psoriasis often have invisible inflammation in the small intestine with an increased propensity for 'leaky gut', according to new research at Uppsala University. These changes in the gut could explain why psoriasis sufferers often have gastrointestinal problems and are more prone to developing Crohn's disease. The study is published in Biochimica et Biophysica Acta (BBA) -- Molecular Basis of Disease.


						
Psoriasis is a hereditary, chronic skin condition that can also result in inflammation of the joints. In Sweden, almost 300,000 people live with some form of the condition. Chronic inflammatory bowel diseases (IBD), especially Crohn's disease, are more common in patients with psoriasis than in the rest of the population.

"Previous research has also shown that people with psoriasis have more gastrointestinal problems than the general population. However we didn't know much about why this is the case. With our study, we can now show that people with psoriasis often have invisible inflammation in their small intestines, with an increased risk of what's called leaky gut," says Maria Lampinen, researcher at Uppsala University.

Pro-inflammatory activity in the gut

The study involved 18 patients with psoriasis and 15 healthy controls as subjects. None of the participants had been diagnosed with gastrointestinal diseases. Samples were taken from both their small and large bowel. The researchers then studied different types of immune cells in the mucous membrane.

"It turned out that psoriasis sufferers had higher numbers of certain types of immune cells in their small intestine, and the cells showed signs of pro-inflammatory activity. Interestingly, we found the same type of immune cells in skin flare-ups from psoriasis patients, suggesting that the inflammation of the skin may have an impact on the gut, or vice versa.

Increased propensity for leaky gut

Normally, the intestinal mucosa act as a protective barrier that also allows nutrients and water to pass through it. In some autoimmune diseases, the intestinal barrier may function poorly. This is called having a leaky gut, and leads to bacteria and harmful substances leaking through the intestinal barrier and causing inflammation. This can also cause more widespread inflammation when these substances are spread via the bloodstream.




Half of the psoriasis patients in the study had increased intestinal barrier permeability or leaky gut. These same patients also reported more gastrointestinal symptoms such as abdominal pain and bloating than patients with a normal intestinal barrier. They also had elevated levels of inflammatory substances in their intestines.

"Given that the psoriasis patients in our study had relatively mild skin disease and showed no visible intestinal inflammation in a gastroscopy, they had surprisingly clear changes in their small intestine compared to healthy controls. These changes could explain why psoriasis sufferers often have gastrointestinal problems, and an increased risk of developing Crohn's disease.

Important research for these patients

The Psoriasisforbundet (the Swedish Psoriasis Association) member magazine published an article about this study. Following its publication, Maria Lampinen received many e-mails from people who recognised this phenomenon.

"They wanted to know more about the link between the gut and the skin because they recognised that symptoms from their gut and skin were often linked. So it feels like this research is needed and is important for the patients themselves. A greater understanding of gastrointestinal problems in psoriasis patients can help the healthcare system to pay more attention to the link between the gut and the skin in patients with psoriasis, and in the long term it could also lead to better treatment of these problems.

The study was funded by the Psoriasis Association's managed funds and Hudfonden (the Skin Foundation), among others.
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Global trust in science remains strong | ScienceDaily
A global survey spanning 68 countries reveals that public trust in scientists is still high. Led by the University of Zurich and ETH Zurich, a team of 241 researchers conducted the largest post-pandemic study of trust in science, societal expectations and public views on research priorities.


						
Trust in scientists is at a moderately high level worldwide, according to a new study. This is the conclusion of an international team of 241 researchers led by Viktoria Cologna of ETH Zurich and Niels G. Mede of the University of Zurich (UZH). "Our results show that most people in most countries have a relatively high level of trust in scientists," says principal investigator Viktoria Cologna, "and want them to play an active role in society and politics." The study found no evidence for the oft-repeated claim of a crisis of trust in science.

The study is the result of the TISP Many Labs study, a collaborative effort that allowed the authors to survey 71,922 people in 68 countries, including many under-researched countries in the Global South. For the first time since the coronavirus pandemic, the study provides global, representative survey data on the populations and regions of the world in which researchers are perceived to be most trustworthy, the extent to which they should engage with the public, and whether science is prioritizing important research issues.

No crisis of trust in science

Across 68 countries, the study finds that the majority of the public has a relatively high level of trust in scientists (mean trust level = 3.62, on a scale of 1 = very low trust to 5 = very high trust). The majority of respondents also perceive scientists as qualified (78%), honest (57%) and concerned about people's well-being (56%).

However, the results also reveal some areas of concern. Globally, less than half of respondents (42%) believe that scientists pay attention to the views of others. "Our results also show that many people in many countries feel that the priorities of science are not always well aligned with their own priorities," says co-author Niels G. Mede. "We recommend that scientists take these results seriously and find ways to be more receptive to feedback and open to dialogue with the public."

Polarization of population groups and differences between countries

The findings confirm the results of previous studies that show significant differences between countries and population groups. In particular, people with right-wing political views in Western countries tend to have less trust in scientists than those with left-wing views. This suggests that attitudes toward science tend to polarize along political lines. In most countries, however, political orientation and trust in scientists were not related.




Call for active engagement of scientists

A majority of respondents want science to play an active role in society and policy-making. Globally, 83% of respondents believe that scientists should communicate with the public about science, providing an impetus for increased science communication efforts. Only a minority (23%) believe that scientists should not actively advocate for specific policies. 52% believe that scientists should be more involved in the policy-making process.

Participants gave high priority to research to improve public health, solve energy problems, and reduce poverty. On the other hand, research to develop defense and military technology was given a lower priority. In fact, participants explicitly believe that science is prioritizing the development of defense and military technology more than they would like, highlighting a potential misalignment between public and scientific priorities.
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Scientists uncover structure of critical component in deadly Nipah virus | ScienceDaily
Scientists at Harvard Medical School and Boston University Chobanian & Avedisian School of Medicine have mapped a critical component of the Nipah virus, a highly lethal bat-borne pathogen that has caused outbreaks in humans almost every year since it was identified in 1999.


						
The advance, described Jan. 20 in Cell, brings scientists a step closer to developing much-needed medicines. Currently, there are no vaccines to prevent or mitigate infection with the Nipah virus and no effective treatments for the disease other than supportive care.

The virus, harbored by fruit bats, can be transmitted to pigs and to humans. It can also infect people through contaminated food and can travel directly from person to person via droplets released when coughing. The World Health Organization has declared Nipah virus a priority pathogen, a designation given to organisms that can cause serious outbreaks and require urgent research to inform prevention and treatment strategies.

Nipah virus has the potential to ignite a pandemic, researchers say, because it can spread via airborne droplets and respiratory secretions. Additionally, the researchers note, evidence hints that some infected people who develop milder, nonspecific symptoms may still transmit the virus.

In severe cases, the infection can cause serious respiratory illness and encephalitis, a form of brain inflammation that can lead to devastating neurologic deficits and death. The virus kills between 40 and 75 percent of those infected, according to estimates from the Centers for Disease Control and Prevention. By comparison, Ebola virus kills between 25 and 90 percent of those infected in past outbreaks, with an average death rate of 50 percent.

In the new study, researchers homed in on a part of the viral machinery called the viral polymerase complex, a group of proteins the virus uses to copy its genetic material, spread, and infect cells. The work provides a detailed three-dimensional picture of the virus's polymerase and its key features. Understanding the structure and behavior of this critical piece of the viral machinery illuminates how the pathogen multiplies inside its hosts.

Until now, the structure and function of the Nipah virus polymerase remained poorly understood, researchers said, cautioning that further research would be needed to fully understand how the polymerase makes the different types of genetic materials that enable the virus to multiply.




Nonetheless, the team said, unraveling this piece of the viral apparatus is the critical first step toward profiling the inner workings of a virus that poses a serious threat.

"Identifying how the polymerase is regulated to switch on and switch off the different enzymatic activities that are required for viral replication would be game-changing, and this study represents a key step towards that goal," said study co-corresponding author Rachel Fearns, Chair and Ernest Barsamian Professor of Virology, Immunology & Microbiology at the Boston University Chobanian & Avedisian School of Medicine.

Unraveling the molecular structure of the viral polymerase complex provides a foundation that can inform the design of treatments.

"This new understanding can help us identify the functional properties of the polymerase structure that could be leveraged as drug targets," said co-corresponding author Jonathan Abraham, associate professor of microbiology at Harvard Medical School and an investigator of the Howard Hughes Medical Institute.

Once the researchers worked out the structure of the enzyme, they took a closer look at how different parts of the enzyme affect the different functions that it performs. Understanding the roles of these different parts and how they can adopt different positions offers critical clues for how to block the virus's proliferation.

The researchers conducted the experiments in two different ways. First, they purified the polymerase and determined its structure using cryo-electron microscopy, a technique that allows scientists to visualize the structure of biologic samples at the scale of individual molecules. Second, they induced mutations in the polymerase and then observed how the mutated polymerase behaved in cells to understand how these mutations affected its function.




"Elucidating both the unique and shared characteristics of the Nipah virus polymerases in comparison to other viral polymerases, our study provides critical insights that have the potential to inform the development of broad-spectrum antivirals," said study co-first author Heesu Kim, a researcher in the Fearns Lab.

The researchers note that there is one promising oral drug candidate developed by scientists at Georgia State University that works against viruses related to Nipah but not against Nipah virus itself.

To understand why this drug candidate is ineffective against Nipah virus, the researchers conducted various simulation studies to see whether certain structural tweaks to the viral polymerase would improve the ability of the drug to latch onto the virus. The researchers identified a specific portion of the viral polymerase that could become a drug target. This in turn can inform the design of small-molecule inhibitors that disrupt the viral polymerase and render Nipah virus susceptible to treatment.

"We hope that our findings will spark interest and stimulate additional research by others, enabling new insights into a deadly pathogen," said Side Hu, co-first author on the study and a post-doctoral researcher in the Abraham Lab. "Indeed, we were excited to see other groups share their data openly just as we did and help move the field forward."
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Ancient viral DNA shapes early embryo development | ScienceDaily
Over half of our genomes consists of thousands of remnants of ancient viral DNA, known as transposable elements, which are widespread across the tree of life. Once dismissed as the "dark side" of the genome, researchers at Helmholtz Munich and Ludwig-Maximilians-Universitat (LMU) have now revealed their crucial role in early embryo development.
Unanswered Questions About the Role of Ancient Viral DNA 
Transposable elements, remnants of ancient viral DNA, are reactivated during the first hours and days following fertilization. This dynamic period of early development sees embryonic cells displaying remarkable plasticity, yet the molecular mechanisms and factors that regulate this plasticity remain unclear. Research in models such as mice suggests that transposable elements play a crucial role in cellular plasticity, but it is still uncertain whether this is a universal feature across all mammalian species. The diverse evolutionary origins of these viral remnants raise further questions about their conservation across mammalian genomes. Understanding the regulatory mechanisms governing the activation of transposable elements is essential for advancing reproductive medicine and uncovering the fundamental principles of genome regulation.
Thought to Be Extinct Viral Elements Re-Expressed in Mammalian Embryos
A team of researchers led by Prof. Maria-Elena Torres-Padilla at Helmholtz Munich and LMU set out to explore these ancient DNA sequences by developing a novel method to study their transcription. They created a single-embryo atlas by comparing embryos from several mammalian species, including mouse, cow, pig, rabbit, and the non-human primate, rhesus macaque. Their findings were surprising: The researchers discovered that very old viral elements, previously thought to be extinct, are re-expressed in mammalian embryos. They also found that each species studied expresses distinct types of these elements.
New Avenues for Gene Manipulation and Cell Plasticity Research
These observations show that the activation of transposable elements is conserved across species, and identifying specific elements provides exciting opportunities to manipulate thousands of genes in cells at the same time. "This approach offers a novel way to influence cell fate, such as directing stem cell differentiation, which typically requires the simultaneous manipulation of hundreds of genes," says co-first author Dr. Marlies Oomen. "Our work highlights the importance of understanding the regulatory principles behind transposable elements."
Prof. Torres-Padilla further explains: "Our research uncovered that transposable element activation is a distinctive feature of early embryos in several mammalian species. This finding is significant because these early-stage cells can differentiate into all body cell types. By understanding how these cells regulate ancient viral elements, we gain crucial insights into the mechanisms of cellular plasticity. This study sets the stage for future research into specific regulatory elements, with broad implications for health, disease, and how manipulating these elements could impact cellular processes."
Unprecedented Dataset for Early Development Across Multiple Mammalian Species
In addition to developing a novel methodology that opens new avenues for researchers working with single cells and embryos, this study has generated an unprecedented dataset. Early embryo development is a highly dynamic process that is of great interest to scientists, but most studies tend to focus on a single species, typically mouse or human. This study, however, took an evolutionary approach by comparing multiple mammalian species, allowing the identification of key regulatory pathways shared across mammals. The biological insights gained from this research, combined with the rich dataset, will serve as a valuable resource for researchers in developmental and reproductive biology.
 
About the Researchers
Prof. Maria-Elena Torres-Padilla, Director at the Institute of Epigenetics and Stem Cells at Helmholtz Munich and Professor at the Faculty of Biology at Ludwig-Maximilians-Universitat (LMU).
Dr. Marlies Oomen, Postdoctoral Researcher at the Institute of Epigenetics and Stem Cells at Helmholtz Munich.
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New study paves way for immunotherapies tailored for childhood cancers | ScienceDaily
Researchers at Karolinska Institutet and the Astrid Lindgren Children's Hospital in Sweden have determined how children's immune systems react to different kinds of cancer depending on their age. The study, which is published in the journal Cell, reveals significant differences between the immune response of children and adults, and has the potential to lead to new tailored treatments for children with cancer.


						
"The activation of the immune system is crucial to our ability to fight cancer, but differs between children and adults," says Petter Brodin, professor of paediatric immunology at the Department of Women's and Children's Health, Karolinska Institutet, and paediatrician at the Astrid Lindgren Children's Hospital, Karolinska University Hospital. "If we're to properly treat childhood cancer, we need to find out how the child's immune system is activated and regulated in children with cancer and what factors affect their immune responses."

New dimension of precision medicine

The study comprised 191 children between the ages of 0 to 18 who were diagnosed with different types of solid tumours at the Astrid Lindgren Children's Hospital between 2018 and 2024. The researchers analysed tumour tissue and blood samples to determine the genetic mutations in the tumours and ascertain which genes are and are not active in the immune system.

"Precision medicine in cancer has mostly focused on the tumour properties," explains Professor Brodin. "By characterising the immune system, we're introducing an entirely new dimension that will be instrumental in shaping the future of childhood cancer therapy."

Difference between children and adults

The results show that the immune system of children and adults do not react the same to cancer, and that different tumours activate the immune response to varying degrees.




"What we can see is that children's tumours are generally less inflammatory and have fewer mutations, which means that they likely appear less foreign to the immune system and that the immune system therefore doesn't attack the tumours as forcefully," says Professor Brodin. "Having said this, there are large individual variations, which underlines the importance of precision medicine, which is to say the adapting of treatment to individual patients. Our study shows how this can be done in practice."

Immunotherapy not suited to children

The results might explain why children do not benefit from immunotherapeutic treatments such as checkpoint inhibitors, a type of biological therapy that makes immune cells more effective against the tumour by blocking the proteins that disengage them.

"This requires the immune cells to be activated against the tumour," says Professor Brodin. "We show that the child's immune cells are often initially not activated against the tumour, which means that checkpoint inhibitors won't work. Children likely need different types of immunotherapies that are more focused on triggering the immune cells to attack the tumour cells from scratch."

Tracking the child's immune response

Having tracked the immune response over time and during treatment in some of the children, the researchers were able to measure changes in the population of killer T cells (i.e. the cells whose job it is to kill the tumour).

"This is something that we could make clinical use of today to judge the therapeutic effect and adjust the treatment to every individual patient," he continues. "We'll now be testing this on a larger scale as we believe that it can be a useful complement to the genetic analyses of tumours that are already being done in routine care."

Professor Brodin led the study with Linda Ljungblad, oncology resident and researcher at Karolinska Institutet. The study was conducted in close collaboration with the Astrid Lindgren Children's Hospital paediatric oncology clinic at Karolinska University Hospital. It was financed by the Swedish Cancer Society, the Swedish Childhood Cancer Foundation, the Swedish Research Council, the Knut and Alice Wallenberg Foundation and Karolinska Institutet. Petter Brodin and two of the other authors are co-founders of Cytodelics AB. Petter Brodin is a member of the Kancera AB executive board and a scientific advisor to Pixelgen Technologies AB, Sention Health AB, Helaina Inc, Scailyte AG and Oxford Immune Algorithmics.
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Fatty muscles raise the risk of serious heart disease regardless of overall body weight | ScienceDaily
People with pockets of fat hidden inside their muscles are at a higher risk of dying or being hospitalised from a heart attack or heart failure, regardless of their body mass index, according to research published in the European Heart Journal today (Monday).


						
This 'intermuscular' fat is highly prized in beef steaks for cooking. However, little is known about this type of body fat in humans, and its impact on health. This is the first study to comprehensively investigate the effects of fatty muscles on heart disease.

The new finding adds evidence that existing measures, such as body mass index or waist circumference, are not adequate to evaluate the risk of heart disease accurately for all people.

The new study was led by Professor Viviany Taqueti, Director of the Cardiac Stress Laboratory at Brigham and Women's Hospital and Faculty at Harvard Medical School, Boston, USA. She said: "Obesity is now one of the biggest global threats to cardiovascular health, yet body mass index -- our main metric for defining obesity and thresholds for intervention -- remains a controversial and flawed marker of cardiovascular prognosis. This is especially true in women, where high body mass index may reflect more 'benign' types of fat.

"Intermuscular fat can be found in most muscles in the body, but the amount of fat can vary widely between different people. In our research, we analyse muscle and different types of fat to understand how body composition can influence the small blood vessels or 'microcirculation' of the heart, as well as future risk of heart failure, heart attack and death."

The new research included 669 people who were being evaluated at the Brigham and Women's Hospital for chest pain and/or shortness of breath and found to have no evidence of obstructive coronary artery disease (where the arteries that supply the heart are becoming dangerously clogged). These patients had an average age of 63. The majority (70%) were female and almost half (46%) were non-white.

All the patients were tested with cardiac positron emission tomography/computed tomography (PET/CT) scanning to assess how well their hearts were functioning. Researchers also used CT scans to analyse each patient's body composition, measuring the amounts and location of fat and muscle in a section of their torso.




To quantify the amount of fat stored within muscles, researchers calculated the ratio of intermuscular fat to total muscle plus fat, a measurement they called the fatty muscle fraction.

Patients were followed up for around six years and researchers recorded whether any patients died or were hospitalised for a heart attack or heart failure.

Researchers found that people with higher amounts of fat stored in their muscles were more likely to have damage to the tiny blood vessels that serve the heart (coronary microvascular dysfunction or CMD), and they were more likely to go on to die or be hospitalised for heart disease. For every 1% increase in fatty muscle fraction, there was a 2% increase in the risk of CMD and a 7% increased risk of future serious heart disease, regardless of other known risk factors and body mass index.

People who had high levels of intermuscular fat and evidence of CMD were at an especially high risk of death, heart attack and heart failure. In contrast, people with higher amounts of lean muscle had a lower risk. Fat stored under the skin (subcutaneous fat) did not increase the risk.

Professor Taqueti said: "Compared to subcutaneous fat, fat stored in muscles may be contributing to inflammation and altered glucose metabolism leading to insulin resistance and metabolic syndrome. In turn, these chronic insults can cause damage to blood vessels, including those that supply the heart, and the heart muscle itself.

"Knowing that intermuscular fat raises the risk of heart disease gives us another way to identify people who are at high risk, regardless of their body mass index. These findings could be particularly important for understanding the heart health effects of fat and muscle-modifying incretin-based therapies, including the new class of glucagon-like peptide-1 receptor agonists.




"What we don't know yet is how we can lower the risk for people with fatty muscles. For example, we don't know how treatments such as new weight-loss therapies affect fat in the muscles relative to fat elsewhere in the body, lean tissue, and ultimately the heart."

Professor Taqueti and her team are assessing the impact of treatments strategies including exercise, nutrition, weight-loss drugs or surgery, on body composition and metabolic heart disease.

In an accompanying editorial, Dr Ranil de Silva from Imperial College London and colleagues said: "Obesity is a public health priority. Epidemiologic studies clearly show that obesity is associated with increased cardiovascular risk, though this relationship is complex.

"In this issue of the Journal, Souza and colleagues hypothesize that skeletal muscle quantity and quality associate with CMD and modify its effect on development of future adverse cardiovascular events independent of body mass index (BMI).

"In this patient population who were predominantly female and had a high rate of obesity, the main findings were that increasing levels of intermuscular adipose tissue (IMAT) were associated with a greater occurrence of CMD, and that the presence of both elevated IMAT and CMD was associated with the highest rate of future adverse cardiovascular events, with this effect being independent of BMI.

"The interesting results provided by Souza et al are hypothesis generating and should be interpreted in the context of several limitations. This is a retrospective observational study. Whilst a number of potential mechanisms are suggested to explain the relationship between elevated IMAT and impaired coronary flow reserve, these were not directly evaluated. In particular, no details of circulating inflammatory biomarkers, insulin resistance, endothelial function, diet, skeletal muscle physiology, or exercise performance were given.

"The data presented by Souza et al are intriguing and importantly further highlight patients with CMD as a population of patients at increased clinical risk. Their work should stimulate further investigation into establishing the added value of markers of adiposity to conventional and emerging cardiac risk stratification in order to identify those patients who may benefit prognostically from targeted cardiometabolic interventions."
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        Imagining the physics of George R.R. Martin's fictional universe
        Researchers have derived a formula for viral behavior in the Wild Cards, a science fiction series written by a collection of authors about an alien virus called the Wild Card that mutates human DNA. The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

      

      
        By the numbers: Diarylethene crystal orientation controlled
        Researchers have succeeded in controlling the arrangement of photochromic crystals known as diarylethenes.

      

      
        Physicists pioneer entanglement microscopy algorithm to explore how matter entangles in quantum many-body systems
        A research team has recently developed a novel algorithm in quantum physics known as 'entanglement microscopy' that enables visualization and mapping of this extraordinary phenomenon at a microscopic scale. By zooming in on the intricate interactions of entangled particles, one can uncover the hidden structures of quantum matter, revealing insights that could transform technology and deepen the understanding of the universe.

      

      
        Using infrared heat transfer to modify chemical reactions
        Researchers have shown for the first time that heat transfer in the form of infrared radiation can influence chemical reactions more strongly than traditional convection and conduction methods.

      

      
        New research uncovers exotic electron crystal in graphene
        Researchers have identified a new class of quantum states in a custom-engineered graphene structure. The study reports the discovery of topological electronic crystals in twisted bilayer -- trilayer graphene, a system created by introducing a precise rotational twist between stacked two-dimensional materials.

      

      
        PET probe images inflammation with high sensitivity and selectivity
        Researchers have developed a breakthrough method to detect inflammation in the body using positron emission tomography (PET) imaging. This innovative probe targets CD45, a marker abundantly expressed on all immune cells but absent from other cell types.

      

      
        Biodegradable nylon precursor produced through artificial photosynthesis
        Scientists have developed an artificial photosynthesis technology that produces precursors of biodegradable nylon from biomass-derived compounds and ammonia.

      

      
        From soot particle filters to renewable fuels
        Unraveling the chemical processes in soot particle filters reveals new ways to produce synthetic fuels.

      

      
        Drug candidate eliminates breast cancer tumors in mice in a single dose
        Despite significant therapeutic advances, breast cancer remains a leading cause of cancer-related death in women. Treatment typically involves surgery and follow-up hormone therapy, but late effects of these treatments include osteoporosis, sexual dysfunction and blood clots. Now, researchers have created a novel treatment that eliminated small breast tumors and significantly shrank large tumors in mice in a single dose, without problematic side effects.

      

      
        Grass surfaces drastically reduce drone noise making the way for soundless city skies
        Porous land such as foliage significantly lowers noise made by drones and air taxis which could reduce disturbances for urban communities as Urban Air Mobility (UAM) grows.

      

      
        Researchers unlock new insights into tin-based catalysts for electrochemical CO2 reduction
        A group of researchers have analyzed thousands of reports from the past decade, identifying a tin-based catalyst that aids the production of formic acid, an indispensable chemical in various industries, and makes the process greener.

      

      
        Researchers make breakthrough in bioprinting functional human heart tissue
        Researchers have developed a way of bioprinting tissues that change shape as a result of cell-generated forces, in the same way that it happens in biological tissues during organ development. The breakthrough science focused on replicating heart tissues, bringing research closer to generating functional, bioprinted organs, which would have broad applications in disease modelling, drug screening and regenerative medicine.

      

      
        AI in cell research: Moscot reveals cell dynamics in unprecedented detail
        Thanks to a new technology called Moscot ('Multi-Omics Single-Cell Optimal Transport'), researchers can now observe millions of cells simultaneously as they develop into a new organ -- for example, a pancreas.

      

      
        Recommendations for studying the impact of AI on young people's mental health
        Experts highlight the need for a clear framework when it comes to AI research, given the rapid adoption of artificial intelligence by children and adolescents using digital devices to access the internet and social media.

      

      
        Can DNA-nanoparticle motors get up to speed with motor proteins?
        DNA-nanoparticle motors are exactly as they sound: tiny artificial motors that use the structures of DNA and RNA to propel motion by enzymatic RNA degradation. Essentially, chemical energy is converted into mechanical motion by biasing the Brownian motion. The DNA-nanoparticle motor uses the 'burnt-bridge' Brownian ratchet mechanism. In this type of movement, the motor is being propelled by the degradation (or 'burning') of the bonds (or 'bridges') it crosses along the substrate, essentially bias...

      

      
        New paper creates roadmap for the next generation of bioelectronic medicine
        A new paper led by Professor Imanuel Lerman of UC San Diego provides a review of the field of bioelectronic medicine and the most promising opportunities for life-changing new therapies and diagnostics.

      

      
        Scientists harness the power of 'layered' crystals for energy innovation
        Scientists are unlocking the secrets of halide perovskites -- a material that's poised to reshape our future by bringing us closer to a new age of energy-efficient optoelectronics. Two physics professors are studying the material at the nanoscale: a place where objects are invisible to the naked eye. At this level, the extraordinary properties of halide perovskites come to life, thanks to the material's unique structure of ultra-thin crystals -- making it astonishingly efficient at converting sun...

      

      
        Harnessing electromagnetic waves and quantum materials to improve wireless communication technologies
        A team of researchers has developed innovative methods to enhance frequency conversion of terahertz (THz) waves in graphene-based structures, unlocking new potential for faster, more efficient technologies in wireless communication and signal processing.

      

      
        Reimagining chain mail
        Experiments have yielded a fascinating new type of matter, neither granular nor crystalline, that responds to some stresses as a fluid would and to others like a solid. The new material, known as PAM (for polycatenated architected materials) could have uses in areas ranging from helmets and other protective gear to biomedical devices and robotics.

      

      
        Astronomers thought they understood fast radio bursts: A recent one calls that into question
        Fast radio bursts are mysterious and brief flashes of radio emissions that were thought to be produced by magnetars, highly magnetized rotating neutron stars. Yet magnetars appear primarily in young star clusters. A repeating burst discovered last year has been pinpointed to the distant outskirts of an old but massive elliptical galaxy where, theoretically, such stars would long since have disappeared. Does this mean magnetars are not the source of FRBs?

      

      
        'Unprecedented' level of control allows person without use of limbs to operate virtual quadcopter
        A brain-computer interface, surgically placed in a research participant with tetraplegia, paralysis in all four limbs, provided an unprecedented level of control over a virtual quadcopter -- just by thinking about moving his unresponsive fingers.

      

      
        Neuromorphic semiconductor chip that learns and corrects itself?
        Scientists have developed a computing chip that can learn, correct errors, and process AI tasks.

      

      
        New ceramic catalyst uses sodium and boron to drive sustainable industrial reactions
        Transition metals have long been used as catalysts to activate small molecules and turn them into valuable products. However, as these metals can be expensive and less abundant, scientists are increasingly looking at more common elements as alternatives. In a recent study, researchers used a concept called 'frustrated Lewis pairs' to develop a transition metal-free catalyst for activating hydrogen. This breakthrough could lead to more sustainable, cost-effective, and efficient chemical processes.

      

      
        Extreme supersonic winds measured on planet outside our Solar System
        Astronomers have discovered extremely powerful winds pummeling the equator of WASP-127b, a giant exoplanet. Reaching speeds up to 33,000 km/h, the winds make up the fastest jet-stream of its kind ever measured on a planet. The discovery provides unique insights into the weather patterns of a distant world.

      

      
        Salt deposit ring inside your pasta pan?
        If you've ever tossed a generous pinch of salt into your pasta pan's water for flavor or as an attempt to make it boil faster, you've likely ended up with a whitish ring of deposits inside the pan. A group of scientists, inspired by this observation during an evening of board games and pasta dinner, wondered what it would take to create the most beautiful salt ring inside the pasta pan they report their findings about what causes these peculiar salt particle cloud deposits to form.

      

      
        First fast radio burst traced to old, dead, elliptical galaxy
        Astronomers previously thought all FRBs were generated by magnetars formed through the explosions of very young, massive stars. But new FRB is pinpointed to the outskirts of 11.3-billion-year-old galaxy without young, active stars -- calling those assumptions into question. 'Just when you think you understand an astrophysical phenomenon, the universe turns around and surprises us,' researcher says.

      

      
        We can make fertilizer more efficiently under the surface of the Earth
        Instead of relying on energy-hungry reactors to generate high temperatures and pressure, researchers are looking underground at Earth's natural heat and forces to cook up ammonia for fertilizer. In a proof-of-concept study, researchers generated ammonia by mixing nitrogen-laced water with iron-rich rocks -- without any energy input or CO2 emission. This new recipe may lead to a more sustainable alternative to current methods, theoretically churning out enough ammonia for 2.42 million years.

      

      
        The importance of eco-friendly sensors in global food supply
        Researchers present paper-based temperature and humidity sensors that are accurate, reliable, and eco-friendly. The team created the sensors by printing silver lines on commercially available paper through dry additive nanomanufacturing. As the paper absorbs water vapor, its capacitance change is measured to reflect the relative humidity of the environment, and as the temperature increases, the metallic conductor experiences an increase in resistivity. They successfully detected changes in relati...

      

      
        NASA's Hubble traces hidden history of Andromeda galaxy
        In the years following the launch of NASA's Hubble Space Telescope, astronomers have tallied over 1 trillion galaxies in the universe. But only one galaxy stands out as the most important nearby stellar island to our Milky Way -- the magnificent Andromeda galaxy (Messier 31). It can be seen with the naked eye on a very clear autumn night as a faint cigar-shaped object roughly the apparent angular diameter of our Moon. A century ago, Edwin Hubble first established that this so-called 'spiral nebul...

      

      
        Technology for oxidizing atmospheric methane won't help the climate
        Atmospheric scientists show proposed 'geoengineering' effort to remove methane, a potent greenhouse gas, from the atmosphere could worse air quality while providing minimal climate benefits.

      

      
        The universe is expanding too fast to fit theories: Hubble tension in crisis
        The Universe really seems to be expanding fast. Too fast, even. A new measurement confirms what previous -- and highly debated -- results had shown: The Universe is expanding faster than predicted by theoretical models, and faster than can be explained by our current understanding of physics. This discrepancy between model and data became known as the Hubble tension. Now, results provide even stronger support to the faster rate of expansion.

      

      
        Polymer editing can upcycle waste into higher-performance plastics
        By editing the polymers of discarded plastics, chemists have found a way to generate new macromolecules with more valuable properties than those of the starting material. Upcycling may help remedy the roughly 450 million tons of plastic discarded worldwide annually, of which only 9% gets recycled; the rest is incinerated or winds up in landfills, oceans or elsewhere.

      

      
        Insect-eye-inspired camera capturing 9,120 frames per second
        A novel bio-inspired camera capable of ultra-high-speed imaging with high sensitivity was developed by mimicking the visual structure of insect eyes.

      

      
        Astrophysicists reveal structure of 74 exocomet belts orbiting nearby stars in landmark survey
        Astrophysicists have imaged a large number of exocomet belts around nearby stars, and the tiny pebbles within them. The crystal-clear images show light being emitted from these millimeter-sized pebbles within the belts that orbit 74 nearby stars of a wide variety of ages -- from those that are just emerging from birth to those in more mature systems like our own Solar System.

      

      
        AI transforms label-free photoacoustic microscopy into confocal microscopy
        In life sciences, confocal fluorescence microscopy (CFM) is widely regarded for producing high-resolution cellular images. However, it requires fluorescent staining, which poses risks of photobleaching and phototoxicity, potentially damaging the cells under study. Conversely, mid-infrared photoacoustic microscopy (MIR-PAM) allows for label-free imaging, preserving cell integrity. Yet, its reliance on longer wavelengths limits spatial resolution, making it difficult to visualize fine cellular stru...

      

      
        Fine-tuned brain-computer interface makes prosthetic limbs feel more real
        Two new articles document progress in neuroprosthetic technology that lets people feel the shape and movement of objects moving over the 'skin' of a bionic hand.

      

      
        New chainmail-like material could be the future of armor
        Resembling the interlocking links in chainmail, novel nanoscale material is incredibly strong and flexible. The interlocked material contains 100 trillion mechanical bonds per 1 square centimeter -- the highest density of mechanical bonds ever achieved. Small amounts of the mechanically interlocked polymer added to Ultem fibers increased the high-performance material's toughness.

      

      
        Quantum engineers 'squeeze' laser frequency combs to make more sensitive gas sensors
        Scientists use devices known as frequency comb lasers to search for methane in the air above oil and gas operations and to screen for signs of infection in human breath. A new study could help make these sensors even more precise.

      

      
        Polymer research shows potential replacement for common superglues with a reusable and biodegradable alternative
        Researchers have developed an adhesive polymer that is stronger than current commercially available options while also being biodegradable, tunable, and reusable. The findings show how the common, naturally occurring polymer P3HB can be chemically re-engineered for use as a strong yet sustainable bonding agent.

      

      
        This tiny galaxy is answering some big questions
        Leo P, a small galaxy and a distant neighbor of the Milky Way, is lighting the way for astronomers to better understand star formation and how a galaxy grows. Scientists have reported finding that Leo P 'reignited,' reactivating during a significant period on the timeline of the universe, producing stars when many other small galaxies didn't.

      

      
        Large and small galaxies may grow in ways more similar than expected
        Galaxies like the Milky Way grow by merging with smaller galaxies over billions of years, unlike dwarf galaxies, which have long been thought to lack the heft to attract mass and grow in the same way. New observations challenge this view, suggesting that even dwarf galaxies can accrete mass from other small galaxies.

      

      
        The ins and outs of quinone carbon capture
        Engineering researchers have developed carbon capture systems that use molecules called quinones, dissolved in water, as their capturing compounds. A new study provides critical insights into the mechanisms of carbon capture in these safer, gentler, water-based electrochemical systems, paving the way for their further refinement.

      

      
        NASA's Pandora mission one step closer to probing alien atmospheres
        Pandora, a small satellite mission poised to provide in-depth study of at least 20 known planets orbiting distant stars to determine the composition of their atmospheres cleared an important milestone by completing the spacecraft bus, which acts as the spacecraft's 'brains.'

      

      
        Autonomous AI assistant to build nanostructures
        The chemical composition of a material alone sometimes reveals little about its properties. The decisive factor is often the arrangement of the molecules in the atomic lattice structure or on the surface of the material. Materials science utilizes this factor to create certain properties by applying individual atoms and molecules to surfaces with the aid of high-performance microscopes. Using artificial intelligence, a new research group now wants to take the construction of nanostructures to a n...

      

      
        Robots should be repurposed rather than recycled to combat rising scale of e-waste, scientists warn
        The robotics industry should be creating robots that could be reprogrammed and repurposed for other tasks once its life span is completed, researchers have advised.

      

      
        A deep learning pipeline for controlling protein interactions
        Scientists have used deep learning to design new proteins that bind to complexes involving other small molecules like hormones or drugs, opening up a world of possibilities in the computational design of molecular interactions for biomedicine.

      

      
        Synchronization in neural nets: Mathematical insight into neuron readout drives significant improvements in prediction accuracy
        Researchers applied the mathematical theory of synchronization to clarify how recurrent neural networks (RNNs) generate predictions, revealing a certain map, based on the generalized synchronization, that yields correct target values. They showed that conventional reservoir computing (RC), a type of RNN, can be viewed as a linear approximation, and introduced a 'generalized readout' incorporating further order approximations. Using a chaotic time-series forecasting task, they demonstrated that th...

      

      
        Thin lenses have a bright future
        Paper-thin optical lenses simple enough to mass produce like microchips could enable a new generation of compact optical devices. Researchers have fabricated and tested flat lenses called Fresnel zone plates (FZPs), but did so for the first time using only common semiconductor manufacturing equipment, the i-line stepper, for the first time. These flat lenses currently lack the efficiency of in-production lenses, but have the potential to reshape optics for industries ranging from astronomy to hea...

      

      
        Wearable devices can detect and predict inflammatory bowel disease flare-ups
        Data collected by wearable technology can identify disease flare-ups up to seven weeks in advance.

      

      
        Astronomers observe real-time formation of black hole jets for the first time
        In 2018, a galaxy about 270 million light-years away from Earth exhibited a major increase in activity. It quieted down again by 2020 -- only to dramatically increase its output again in 2023. At that time, it began emitting radio waves at 60 times the previous intensity over just a few months, behavior which has never been monitored in real time for a supermassive black hole. Imaging also clearly shows a pair of oppositely directed plasma jets forming near the black hole and expanding outward ov...
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Imagining the physics of George R.R. Martin's fictional universe | ScienceDaily
Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.


						
In independent research published in the American Journal of Physics, from AIP Publishing, Tregillis and George R.R. Martin derive a formula for viral behavior in the Wild Cards universe. 

Wild Cards is a science fiction series written by a collection of authors and edited by Martin and Melinda M. Snodgrass. Sitting at over 30 volumes, the books are about an alien virus called the Wild Card that mutates human DNA. Martin is credited as a co-author of the paper, making it his first peer-reviewed physics publication.

The idea to explore the science behind the fictional virus came from a series of blog posts on the Wild Cards website.

"Like any physicist, I started with back-of-the-envelope estimates, but then I went off the deep end. Eventually I suggested, only half-jokingly, that it might be easier to write a genuine physics paper than another blog post," Tregillis said. "Being a theoretician, I couldn't help but wonder if a simple underlying model might tidy up the canon."

The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

Tregillis shared that deriving this physical model was a fun but open-ended puzzle. After some trial and error of models based on fractals or thermodynamic analogies, he and Martin settled on the Lagrangian approach.

"We translated the abstract problem of Wild Card viral outcomes into a simple, concrete dynamical system. The time-averaged behavior of this system generates the statistical distribution of outcomes," he said.

While the Wild Card virus can be modeled by physics, Tregillis emphasized that it isn't a hard-and-fast rule in the canon.

"Good storytelling is about characters: their wants, needs, obstacles, challenges, and how they interact with their world," Tregillis said. "The fictional virus is really just an excuse to justify the world of Wild Cards, the characters who inhabit it, and the plot lines that spin out from their actions."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250123113100.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



By the numbers: Diarylethene crystal orientation controlled | ScienceDaily
Photomechanical materials made of photochromic crystals, which change their molecular structure reversibly in response to light, have the potential to impact fields from semiconductors to pharmaceuticals. For the first time in the world, an Osaka Metropolitan University team has developed a crystal patterning method demonstrating that it is possible to control the orientation of photochromic crystals known as diarylethenes.


						
Diarylethene crystals not only change color when exposed to UV light, but also undergo various shape changes as the molecular structure changes. Graduate School of Engineering student Mami Isobe, lecturer Daichi Kitagawa, and Professor Seiya Kobatake focused on patterning to control the position and orientation of the crystals on a substrate using the sublimation method.

The team fabricated convex structures with a height of several microns and a width of a dozen or so microns on a substrate in the shape of a straight line and numerals from 0 to 20. By sublimating powdered crystals of diarylethene onto the substrate, the researchers demonstrated the ability to control the orientation of the crystals, as well as create minute crystals of diarylethene on convex structures.

"We expect the crystal patterning method developed to be applicable to semiconductor materials and pharmaceuticals, which are low-molecular-weight organic compounds similar to diarylethene," stated graduate student Isobe.

Professor Kobatake added, "To increase the versatility of this crystal patterning method in the future, we would like to analyze the effect of the size and shape of the convex structures on the substrate on crystal growth, and quantitatively explain the formation principle of the crystal patterns."

These findings were published in Small Methods.
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Physicists pioneer entanglement microscopy algorithm to explore how matter entangles in quantum many-body systems | ScienceDaily
Quantum entanglement -- a phenomenon where particles are mysteriously linked no matter how far apart they are -- presents a long-standing challenge in the physical world, particularly in understanding its behaviour within complex quantum systems.


						
A research team from the Department of Physics at The University of Hong Kong (HKU) and their collaborators have recently developed a novel algorithm in quantum physics known as 'entanglement microscopy' that enables visualisation and mapping of this extraordinary phenomenon at a microscopic scale. By zooming in on the intricate interactions of entangled particles, one can uncover the hidden structures of quantum matter, revealing insights that could transform technology and deepen the understanding of the universe.

This study, led by Professor Zi Yang MENG and co-authored by his PhD students Ting-Tung WANG and Menghan SONG of HKU Department of Physics, in collaboration with Professor William WITCZAK-KREMPA and PhD student Liuke LYU from the University of Montreal, unveils the hidden structures of quantum entanglement in many-body systems, offering a fresh perspective on the behaviour of quantum matter. Their findings were recently published in the journal Nature Communications.

A Breakthrough in Mapping Quantum Entanglement

Quantum entanglement describes a deep connection between particles, where the state of one particle is instantly linked to another, even across vast distances. Imagine rolling two dice in different locations -- quantum entanglement is like finding that the outcome of one die always determines the outcome of the other, no matter how far apart they are. This phenomenon, famously called 'spooky action at a distance' by Albert Einstein, is not just a theoretical curiosity but underpins technologies like quantum computing, cryptography, and the study of exotic materials and black holes. However, it is intrinsically difficult to obtain the entanglement information in quantum many-body systems both analytically and numerically due to the exponentially large degree of freedoms.

Researchers have addressed this challenge by developing 'entanglement microscopy', an innovative protocol based on large-scale quantum Monte Carlo simulation that can successfully extract the quantum entanglement information in small regions of quantum systems. By focusing on these microscopic areas, this method reveals how particles interact and organise themselves in intricate ways, especially near critical points in quantum phase transitions -- special states where quantum systems undergo profound changes in behaviour.

Their exploration focused on two prominent models at two-dimension: the transverse field Ising model and fermionic t-V model that realises the Gross-Neveu-Yukawa transition of Dirac fermions, each revealing fascinating insights into the nature of quantum entanglement. They discovered that at the Ising quantum critical point, entanglement is short-range, meaning particles are connected only over small distances. This connection can abruptly vanish due to changes in distance or temperature -- a phenomenon known as 'sudden death'. In contrast, their investigation of the fermionic transition revealed a more gradual decline in entanglement even at larger separations, indicating that particles can maintain connections despite being far apart.

Intriguingly, the team discovered that in two-dimensional Ising transitions, three-party entanglement was absent, yet present in one-dimensional systems. This implies that system dimensionality significantly affects entanglement behaviour. To simplify, low-dimensional systems are akin to a small group of friends where deep connections (complex multi-particle entanglement) are more probable. Conversely, high-dimensional systems, comparable to larger, more complex social networks, often suppress such connections. These findings provide important understanding of how entanglement structure alters with increasing system complexity.

Applications and Impact

This breakthrough has significant implications for advancing quantum technologies. By providing a clearer understanding of entanglement, it could help optimise quantum computing hardware and algorithms, enabling faster problem-solving in fields like cryptography and artificial intelligence. It also opens the door to designing next-generation quantum materials with applications in energy, electronics, and superconductivity. Furthermore, this tool could deepen our understanding of fundamental physics and improve quantum simulations in chemistry and biology.
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Using infrared heat transfer to modify chemical reactions | ScienceDaily
In a joint experimental-theoretical work, a team of researchers, including theorists from UC San Diego, have shown for the first time that heat transfer in the form of infrared radiation can influence chemical reactions more strongly than traditional convection and conduction methods.


						
Using an optical cavity to confine infrared light waves, researchers focused on the thermal dehydration of an inorganic crystal, copper sulfate pentahydrate. They found that light-matter vibrational coupling (resulting in states known as polaritons) lowered the temperature needed for dehydration by up to 14 degrees Celsius. This was attributed to radiative energy transport, in which heat energy is radiated outward as photons from a hot region are absorbed by a cooler region (the crystal) -- a mechanism of heat conduction that had been overlooked until now.

This work establishes a mechanism for modifying thermochemical processes using optical cavities, with implications for the development of catalytic systems that exploit these interactions to achieve targeted control over certain chemical reactions and optoelectronic processes.

This study was published January 16, 2025 in Nature Chemistry. The research team includes Sindhana Pannir-Sivajothi, Yong Rui Poh & Joel Yuen-Zhou (all UC San Diego); Zachary Brawley (Texas A&M); and Matthew Sheldon and Ju Eun Yim (both UC Irvine).

Their research was funded by the National Science Foundation (CHE-2108288), the Welch Foundation (A-1886), the W.M. Keck Foundation, and the American Chemical Society Petroleum Research Fund (ACS PRF 60968-ND6).
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New research uncovers exotic electron crystal in graphene | ScienceDaily
Researchers from the University of British Columbia, the University of Washington, and Johns Hopkins University have identified a new class of quantum states in a custom-engineered graphene structure. Published today in Nature, the study reports the discovery of topological electronic crystals in twisted bilayer-trilayer graphene, a system created by introducing a precise rotational twist between stacked two-dimensional materials.


						
"The starting point for this work is two flakes of graphene, which are made up of carbon atoms arranged in a honeycomb structure. The way electrons hop between the carbon atoms determines the electrical properties of the graphene, which ends up being superficially similar to more common conductors like copper," said Prof. Joshua Folk, a member of UBC's Physics and Astronomy Department and the Blusson Quantum Matter Institute (UBC Blusson QMI).

"The next step is to stack the two flakes together with a tiny twist between them. This generates a geometric interference effect known as a moire pattern: some regions of the stack have carbon atoms from the two flakes directly on top of each other, while other regions have the atoms offset," Folks said.

"When electrons hop through this moire pattern in the twisted stack, the electronic properties are totally changed. For example, the electrons slow way down, and sometimes they develop a twist in their motion, like the vortex in the water at the drain of a bathtub as it is draining out."

The breakthrough discovery reported in this study was observed by an undergraduate student, Ruiheng Su, from UBC, studying a twisted graphene sample prepared by Dr. Dacen Waters, a postdoctoral researcher in the lab of Prof. Matthew Yankowitz at the University of Washington. While working on the experiment in Folk's lab, Ruiheng discovered a unique configuration for the device where the electrons in the graphene froze into a perfectly ordered array, locked in place yet twirling in unison like ballet dancers gracefully performing stationary pirouettes. This synchronized rotation gives rise to a remarkable phenomenon where electric current flows effortlessly along the edges of the sample while the interior remains insulating because the electrons are immobilized.

Remarkably, the amount of current that flows along the edge is precisely determined by the ratio of two fundamental constants of nature -- Planck's constant and the charge of the electron. The precision of this value is guaranteed by a property of electron crystal known as topology, which describes the properties of objects that remain unchanged by modest deformations.

"Just as a donut cannot be smoothly deformed into a pretzel without first cutting it open, the circulating channel of electrons around the boundary 2D electron crystal remains undisturbed by disorder in its surrounding environment," said Yankowitz.




"This leads to a paradoxical behaviour of the topological electronic crystal not seen in conventional Wigner crystals of the past -- despite the crystal forming upon freezing electrons into an ordered array, it can nevertheless conduct electricity along its boundaries."

An everyday example of topology is the Mobius strip -- a simple yet mind-bending object. Imagine taking a strip of paper, forming it into a loop, and taping the ends together. Now, take another strip, but before joining the ends, give it a single twist. The result is a Mobius strip, a surface with just one side and one edge. Amazingly, no matter how you try to manipulate the strip, you cannot untwist it back into a normal loop without tearing it apart.

The rotation of the electrons in the crystal is analogous to the twist in the Mobius strip, and leads to the remarkable characteristic of the topological electronic crystal never before seen in the rare cases where electron crystals have been observed in the past: edges where electrons flow without resistance, describe being locked in place within the crystal itself.

The topological electron crystal is not only fascinating from a conceptual point of view but also opens up new opportunities for advancements in quantum information. These include future attempts to couple the topological electron crystal with superconductivity, forming the foundation of qubits for topological quantum computers.
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PET probe images inflammation with high sensitivity and selectivity | ScienceDaily
Researchers at Dana-Farber Cancer Institute have developed a breakthrough method to detect inflammation in the body using positron emission tomography (PET) imaging. This innovative probe targets CD45, a marker abundantly expressed on all immune cells but absent from other cell types. In healthy animals, the probe provides remarkably clear images of immune system organs such as bone marrow, spleen, and lymph nodes. In disease models, it reveals inflammation in affected organs, such as the colon in inflammatory bowel disease and the lungs in acute respiratory distress syndrome.


						
The researchers found that the inflammation severity shown by CD45-PET correlates with both microscopic tissue analysis and clinical symptoms. They also developed a human CD45-PET probe and demonstrated its ability to detect human immune cells in a humanized mouse model. Furthermore, in animal models of graft-versus-host disease -- a serious condition following bone marrow transplants -- the human CD45-PET probe showed potential for early detection and precise localization of the disease, which can manifest in various body parts. The team is now working toward initiating clinical trials to validate their human CD45-PET probe.

Inflammation is a sign that the immune system is actively defending the body against disease. However, prolonged and excessive inflammation can become pathological and is a key factor in many chronic diseases, such as cardiovascular diseases, cancer, and diabetes, which collectively contribute to a significant portion of global mortality. Currently, there are no non-invasive tools to reliably detect and pinpoint inflamed areas within the body. The developed CD45-PET probe is the first to identify inflammation generally and with high sensitivity through whole-body imaging. Once validated in humans, this tool could have immediate clinical applications, guiding the selection of anti-inflammatory treatments, monitoring responses to anti-inflammatory medications and cancer immunotherapies, and aiding in the diagnosis of conditions with known inflammatory underpinnings.

Dana-Farber Cancer Institute, Parker Institute for Cancer Immunotherapy, Harvard Medical School, the National Institutes of Health, National Institute of Allergy and Infectious Disease, Brigham and Women's Hospital Heart and Vascular Center.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250122145615.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Biodegradable nylon precursor produced through artificial photosynthesis | ScienceDaily
Nylon, the durable and elastic material, is like other plastics made from chemicals found in fossil fuels. Biodegradable plastics based on biomass-derived compounds are attracting attention as an alternative to conventional plastics, and Osaka Metropolitan University scientists have now synthesized biodegradable nylon precursors.


						
Professor Yutaka Amao's team at the Research Center for Artificial Photosynthesis previously reported on a method for producing raw materials for biodegradable plastics from biomass-derived compounds. A polyester-type biodegradable plastic could be formed by using L-lactic acid as the raw material for polylactic acid.

This time, by using L-alanine, an amino acid with a similar structure, the team created raw material for a nylon-type biodegradable plastic. Artificial photosynthesis technology was developed with the addition of the biocatalyst L-alanine dehydrogenase, which combines ammonia with pyruvate to produce L-alanine, to the photoredox system composed of a dye and a catalyst.

"We have also succeeded in synthesizing the precursor of biodegradable nylon poly-L-alanine using solar energy," Professor Amao declared. "In the future, we hope to achieve the synthesis of nylon precursors that have a low impact on the environment, with the aim of producing L-alanine through artificial photosynthesis using ammonia derived from biomass compounds."

The findings were published in Sustainable Energy & Fuels.
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From soot particle filters to renewable fuels | ScienceDaily
Carbon particles are present in many aspects of our daily lives. Soot, which consists of tiny carbon particles, is generated when energy sources such as oil or wood are not completely burned. Soot particle filters, in turn, remove the nanometer- to micrometer-sized particles from car exhaust fumes with the help of chemical surface reactions. Carbon particles could also be used in industry, because at temperatures above 1000 degrees Celsius, carbon can be converted with carbon dioxide (CO2) and water into precursors of synthetic fuels. In both applications, chemical reactions occurring on the carbon surface are essential, yet the conditions under which specific reaction pathways dominate are not fully understood.


						
Carbon particles are degraded by nitrogen dioxide and oxygen

Scientists from the Max Planck Institute for Chemistry (MPIC) can now better explain what happens during the oxidation of carbon nanoparticles in the particulate filter. They examined what happens to the tiny soot particles under conditions that are typical for vehicle exhaust gases from diesel engines. At temperatures ranging from approximately 270 to 450degC, the carbon interacts with the reactive gases nitrogen dioxide (NO2) and oxygen (O2). The gases oxidize the carbon and thus break it down. The result: the higher the temperature, the faster the carbon mass vanishes. The researchers subsequently entered the experimental data into a kinetic multi-layer model known as KM-GAP-CARBON.

The modeling unveils what happens chemically: at lower temperatures, carbon decomposition is dominated by nitrogen dioxide, whereas at higher temperatures it is dominated by oxygen. This change in dominant reaction pathways is marked by a gradual shift in the activation energy that is necessary for a chemical reaction to take place.

Chemical model stems from atmospheric aerosol research

"Our model was originally designed to describe the chemistry of fine-dust particles in the atmosphere, but we found that it also works very well for high-temperature technical applications," says Thomas Berkemeier, the lead author of the study and research group leader at MPIC. "Our model helps us to understand why the chemical reaction pathway is influenced by temperature. It also explains a second peculiarity: in the measurements, we observe that the reaction rate is highest in the beginning and at the end of the reaction."

According to the study recently published in the journal Angewandte Chemie, the more reactive carbon atoms on the surface of carbon particles are oxidized and gasified first, leading to an accumulation of less reactive atoms on the surface. This initially leads to a form of passivation of the particles, and the oxidation process slows down. "Towards the end of the reaction, the ratio of the surface area of the particles to their volume is particularly large, which is why the volume-normalized reaction rate increases sharply again," explains Berkemeier, who aims to examine the precise structure of the particles in the future using both microscopic and spectroscopic techniques. Additionally, the chemist and his team are planning further studies on reaction kinetics to explore the effects of various oxidants and conditions.

Basic research contributes to the development of renewable fuels

Ulrich Poschl, co-author and director at the Max Planck Institute for Chemistry, commented, "Our research not only enhances the understanding of fundamental processes on carbon nanosurfaces. It also opens up new avenues for technological innovations in the environmental and energy sectors, for example, through advancements in carbon capture technologies and to optimize the production conditions in the development of synthetic fuels. The results of decades of basic scientific research thus also contribute to a sustainable development of technology and society in the Anthropocene."

The term Anthropocene refers to the current geological epoch, which is characterized by the rapidly increasing and globally pervasive human influence on planet Earth and has been part of the scientific activities and research at the Max Planck Institute for Chemistry since its discovery by Nobel Prize winner Paul Crutzen.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250122130234.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Drug candidate eliminates breast cancer tumors in mice in a single dose | ScienceDaily
Despite significant therapeutic advances, breast cancer remains a leading cause of cancer-related death in women. Treatment typically involves surgery and follow-up hormone therapy, but late effects of these treatments include osteoporosis, sexual dysfunction and blood clots. Now, researchers reporting in ACS Central Science have created a novel treatment that eliminated small breast tumors and significantly shrank large tumors in mice in a single dose, without problematic side effects.


						
Most breast cancers are estrogen receptor positive (ER+), and treatment typically involves several years of hormone therapy. Although these drugs are better tolerated than chemotherapy, they still have side effects that diminish quality of life and can leave people at risk for cancer recurrence and treatment resistance. Thus, there is a need for cancer drugs that kill tumor cells selectively and aggressively, while limiting side effects.

To address this challenge, Paul Hergenrother and colleagues previously developed a small molecule called ErSO. This compound kills ER+ breast cancer cells but results in undesirable side effects. In 2022, the researchers synthesized a series of small molecules similar to ErSO. That prior study demonstrated that these derivatives have higher potency, greater selectivity for ER+ cancer cells and better pharmacological properties than the original compound.

Now, in the latest study, the researchers further evaluated one derivative, ErSO-TFPy, and found that it:
    	Effectively killed multiple human ER+ breast cancer cell lines in culture.
    	Was well tolerated, with no obvious deleterious effects, by multiple species (mice, rats and beagles).
    	Shrank transplanted human breast tumors of various genetic backgrounds in mice.

In a dosing experiment, the researchers noted that a single dose of ErSO-TFPy in mice induced complete or near-complete regression of small or large tumors, respectively, that had grown in the animals. Other drugs require long-term dosing, but the researchers suggest that a lone dose of ErSO-TFPy and therefore minimal circulation in the body could help reduce the risk of side effects and late effects. They acknowledge the need for more testing to confirm drug safety and efficacy, but they suggest if these results translate to human patients, ErSO-TFPy could be transformative for ER+ breast cancer treatment.

"It is very rare for a compound to shrink tumors in mouse models of breast cancer, let alone completely eradicate those tumors with a single dose, so we are eager for ErSO-TFPy to advance for treatment of breast cancer," says Hergenrother.

The authors acknowledge funding from the National Cancer Institute at the National Institutes of Health and the Cancer Center at Illinois. 
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Grass surfaces drastically reduce drone noise making the way for soundless city skies | ScienceDaily

Lead author Dr Hasan Kamliya Jawahar from the University of Bristol's aeroacoustic group managed by Professor Mahdi Azarpeyvand was able to demonstrate that porous ground treatments, can significantly reduce noise by up to 30 dB in low-mid frequencies and enhance thrust and power coefficients compared to solid ground surfaces. This suggests that treating roofs of building, landing pads and vertiports with porous surfaces like grass or mosses will reduce noise when drone is landing.

Dr Kamliya Jawahar based in Bristol's Faculty of Science and Engineering explained: "It was known that ground effects influence propeller performance and noise, particularly during take-off and landing.

"While noise issues are well-documented, solutions tailored to urban environments are limited.

"I drew inspiration from natural porous materials, such as vegetation, known for their noise-damping properties. This led to exploring engineered porous surfaces as a potential solution to reduce noise and improve aerodynamics."

The team conducted experiments in an anechoic chamber using a pusher propeller mounted above a ground plane. The ground was alternated between solid and porous treatments with varying porosity and thickness. Microphones placed in both near-field and far-field locations captured acoustic data, while a six-axis load cell measured aerodynamic forces. By comparing results across configurations, they were able to calculate how porous surfaces influence noise and performance under ground-effect conditions.

Dr Kamliya Jawahar said: "Vegetation is known to function as a natural porous medium, where its structural complexity and material properties such as foliage density and moisture content contribute to its noise absorption capabilities.




"It has been widely used in environmental noise reduction strategies such as roadside barriers and urban green spaces but this is the first time it is being investigated for futuristic Urban Air Mobility."

The noise reduction effect of porous ground treatments stems from their ability to modify and manage the flow dynamics near the ground. When a propeller operates close to a porous surface, the porous material absorbs some of the energy from the flow impingement reducing the velocity of the tangential wall jet -- a high-speed outwash of air along the ground -- thereby mitigating the aerodynamic interactions that contribute to noise.

Additionally, the porous structure traps portions of the impinging flow, reducing its reflection back towards the propeller. This minimizes the re-ingestion of disturbed airflows into the propeller, which are a significant source of tonal and broadband noise. The reduction in reflected turbulence and the stabilized hydrodynamic pressure field help decrease both tonal and broadband noise emissions, resulting in quieter operations. These effects are particularly pronounced in ground effect conditions.

These findings can be applied to UAM operations by enabling quieter and more efficient vehicle designs. They also support the development of noise-reducing vertiport surfaces, fostering greater community acceptance and compliance with urban noise regulations.

"Our research demonstrates that innovative porous landing surfaces can drastically reduce noise from drones and air taxis, paving the way for quieter and more sustainable urban skies," added Dr Kamliya Jawahar.
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Researchers unlock new insights into tin-based catalysts for electrochemical CO2 reduction | ScienceDaily
The global climate crisis, driven by the depletion of fossil fuels and rising atmospheric CO2 levels, has intensified the need for sustainable energy solutions. Among these, the electrochemical CO2 reduction reaction (CO2RR), particularly when integrated with renewable energy sources, has emerged as a promising approach. This process not only mitigates CO2 emissions but also addresses energy storage challenges by converting CO2 into high-value, carbon-neutral fuels. One of the standout products of CO2RR is formic acid (HCOOH), valued for its versatility in industries such as tanning, textiles, and pharmaceuticals, as well as its role as a high-energy-density liquid hydrogen storage medium.


						
"Formic acid is an indispensable chemical in various industries, and its potential as a hydrogen carrier makes it a critical component for a sustainable energy future," said Xue Jia, an assistant professor at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR). Recent techno-economic analyses have also highlighted the practicality and economic feasibility of synthesizing formic acid through CO2RR, emphasizing its adaptability for future industrial applications.

To advance the development of efficient CO2RR catalysts, Jia and her colleagues conducted a comprehensive study, analyzing over 2,300 experimental reports from the past decade. Their findings underscored the superior activity and selectivity of tin-based catalysts, such as Sn[?]N4[?]C single-atom catalysts (SAC) and polyatomic Sn, for HCOOH production. These catalysts consistently outperformed others, including metal-nitrogen-carbon (M[?]N[?]C) catalysts and various metals, in terms of formic acid Faradaic efficiency (FE).

A significant aspect of the study was the influence of pH on catalyst performance. The team's analysis revealed that the selectivity and activity of HCOOH production increase with pH levels, as demonstrated in catalysts like SnO2 and Bi0.1Sn. However, conventional theoretical models that treat pH-dependent energetic corrections as constants failed to accurately predict activity at the reversible hydrogen electrode (RHE) scale.

"By incorporating electric field effects and pH-dependent free energy formulations, we were able to analyze the selectivity and activity of catalysts under actual working conditions, which is a significant step forward," explained Hao Li, associate professor at WPI-AIMR. This advanced modeling approach provided critical insights into the reaction mechanism, enabling a deeper understanding of the pH-dependent behavior of Sn-based catalysts.

The study also addressed a longstanding challenge: understanding how the structural differences between single-atom and polyatomic Sn catalysts impact their performance. The team discovered that Sn[?]N4[?]C SAC exhibits a monodentate adsorption mode, while polyatomic Sn adopts a bidentate mode. These distinct adsorption modes result in opposite dipole moments for the intermediate OCHO, significantly influencing the catalysts' activity and selectivity for CO2RR.

"This structural sensitivity, combined with pH-dependent modeling, has provided a comprehensive understanding of Sn-based catalysts and aligned our predictions with experimental observations," said Linda Zhang, Assistant Professor at Tohoku University's Frontier Research Institute for Interdisciplinary Sciences (FRIS). The research highlights the importance of considering structural and kinetic factors, beyond conventional thermodynamic models, for precise catalyst design.

The implications of this work extend beyond CO2RR. By employing advanced computational techniques, such as density functional theory (DFT) and machine learning force fields (MLFF), the researchers demonstrated the potential of tailoring catalysts for specific reaction conditions. This approach is expected to drive the development of high-performance systems for a range of electrocatalytic processes.

"Precise modeling and advanced computational techniques are enabling us to design catalysts tailored for specific reaction conditions, paving the way for more efficient CO2 reduction technologies," adds Li. The study's integration of experimental and theoretical perspectives marks a significant step toward addressing climate challenges through innovative catalyst design.

The findings were published in the journal Angewandte Chemie International Edition, with the authors expressing their gratitude to the Tohoku University Support Program for covering the article processing charge.
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Researchers make breakthrough in bioprinting functional human heart tissue | ScienceDaily
Researchers at University of Galway have developed a way of bioprinting tissues that change shape as a result of cell-generated forces, in the same way that it happens in biological tissues during organ development.


						
The breakthrough science focused on replicating heart tissues, bringing research closer to generating functional, bioprinted organs, which would have broad applications in disease modelling, drug screening and regenerative medicine.

The research was led by a team at the School of Engineering and CURAM Research Ireland Centre for Medical Devices at University of Galway and has been published in the journal Advanced Functional Materials.

Bioprinting technology uses living cells within specialised "bioink" materials -- a substance or material which can support living cells, and due to its characteristics, it can aid cell adhesion, proliferation and differentiation during maturation. The technology offers immense promise for creating lab-grown organs that closely resemble the structure of their human equivalent.

However, bioprinting fully functional organs remains a significant hurdle. For instance, while bioprinted heart tissues can contract, their force of contraction is often considerably weaker than that of a healthy adult heart.

Traditional bioprinting methods often aim to directly recreate the final anatomical shape of an organ, like the heart -- therefore overlooking the crucial role of dynamic shape changes during natural embryonic development. For example, the heart begins as a simple tube that undergoes a series of bends and twists to form its mature four-chambered structure. These shape-morphing behaviours are essential for sculpting heart cell development and maturation.

The University of Galway research team recognised this and developed a novel bioprinting technique that incorporates crucial shape-changing behaviours.




Ankita Pramanick, lead author of the study and CURAM PhD Candidate at University of Galway, said: "Our work introduces a novel platform, using embedded bioprinting to bioprint tissues that undergo programmable and predictable 4D shape-morphing driven by cell-generated forces. Using this new process, we found that shape-morphing improved the structural and functional maturity of bioprinted heart tissues."

The research showed that cell-generated forces could guide the shape-morphing of bioprinted tissues, and it was possible to control the magnitude of the shape changes by modifying factors such as the initial print geometry and bioink stiffness. Morphing was found to sculpt cell alignment and enhance the contractile properties of the tissues. The research team also developed a computational model that could predict tissue shape-morphing behaviour.

Professor Andrew Daly, Associate Professor in Biomedical Engineering and CURAM funded investigator and principal investigator on the project, said: "Our research shows that by allowing bioprinted heart tissues to undergo shape-morphing, they start to beat stronger and faster. The limited maturity of bioprinted tissues has been a major challenge in the field, so this was an exciting result for us. This allows us to create more advanced bioprinted heart tissue, with the ability to mature in a laboratory setting, better replicating adult human heart structure. We are excited to build on this shape-morphing approach in our ongoing European Research Council project, which is focused on developmentally-inspired bioprinting.

"We are still a long way away from bioprinting functional tissue that could be implanted in humans, and future work will need to explore how we can scale our bioprinting approach to human-scale hearts.

"We will need to integrate blood vessels to keep such large constructs alive in the lab, but ultimately, this breakthrough brings us closer to generating functional bioprinted organs, which would have broad applications in cardiovascular medicine."
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AI in cell research: Moscot reveals cell dynamics in unprecedented detail | ScienceDaily
Thanks to a new technology called Moscot ("Multi-Omics Single-Cell Optimal Transport"), researchers can now observe millions of cells simultaneously as they develop into a new organ -- for example, a pancreas. This groundbreaking method was developed by an international research team led by Helmholtz Munich and has been published in the renowned journal Nature.


						
Until now, biologists had only a limited understanding of how cells develop in their natural environment -- for instance, when they form an organ in the embryo. "Existing methods provided only snapshots of a few cells or could not link the dynamic processes in space and time," explains Dominik Klein, one of the lead authors of the study, a PhD candidate at the Institute of Computational Biology at Helmholtz Munich, and a researcher at the Technical University of Munich (TUM). "This has greatly limited our understanding of the complex interactions during organ development and in disease processes."

Moscot Maps Cell Development in Entire Organs and Organisms

Together with an interdisciplinary team led by Giovanni Palla (Helmholtz Munich), Marius Lange (ETH Zurich), Michal Klein (Apple), and Zoe Piran (Hebrew University of Jerusalem), Dominik Klein developed Moscot. The team drew on a theory developed in the 18th century: the theory of optimal transport, which describes how objects can move most efficiently from one place to another to minimize time, energy, or cost. The application of optimal transport to two populations of cells had previously been limited by the size of biomedical datasets. This obstacle has now been overcome thanks to advances in artificial intelligence, significantly influenced by co-author Marco Cuturi (Apple). "We have adapted our mathematical models to accurately represent the molecular information and position of cells in the body during their development. The theory of optimal transport helps us understand how cells move, change, and transition from one state to another," says Klein. This now makes it possible to observe millions of cells simultaneously -- with an accuracy that was previously unimaginable.

Moscot enables the multimodal mapping of single cells in spatial tissues and plays a crucial role in dynamic biological processes. It connects millions of cells over time, linking changes in gene expression to cellular decisions. The implementation of Moscot aims to analyze enormous datasets using complex algorithms while providing an intuitive interface for biologists. Additionally, Moscot precisely and simultaneously captures the molecular state of a large number of cells and describes their development in space and time. This makes it possible for the first time to track and better understand complex cellular processes within entire living organs and organisms.

New Insights into Pancreas and Diabetes Research 

Moscot's application has provided new insights in pancreas research: the team succeeded in mapping the development of hormone-producing cells in the pancreas based on multimodal measurements. Based on these findings, scientists can now analyze the underlying mechanisms of diabetes in detail. "This new perspective on cellular processes opens up opportunities for targeted therapies that address the root causes of diseases rather than merely treating symptoms," says Prof. Heiko Lickert, who heads the Institute of Diabetes and Regeneration Research at Helmholtz Munich and is co-last author of the study together with Prof. Fabian Theis.




A Turning Point in Medical Research

Fabian Theis, Director at the Institute of Computational Biology at Helmholtz Munich and TUM professor, emphasizes the significance of Moscot for biomedical research: "Moscot is changing the way we understand and use biological data. It enables us not only to capture the dynamics of cell development in unprecedented detail but also to make precise predictions about the progression of diseases, aiming to develop personalized therapy approaches."

For Theis, Moscot is a prime example of interdisciplinary collaboration: "The successful combination of mathematics and biology in this project impressively demonstrates how crucial collaboration between different disciplines is for achieving true scientific breakthroughs. Thanks to close cooperation with the team led by Heiko Lickert from the Helmholtz Diabetes Center, we were able to validate Moscot's predictions through laboratory experiments."

Learn more: moscot-tools.org
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Recommendations for studying the impact of AI on young people's mental health | ScienceDaily
A new peer-reviewed paper from experts at the Oxford Internet Institute, University of Oxford, highlights the need for a clear framework when it comes to AI research, given the rapid adoption of artificial intelligence by children and adolescents using digital devices to access the internet and social media.


						
Its recommendations are based on a critical appraisal of current shortcomings in the research on how digital technologies' impact young people's mental health, and an in-depth analysis of the challenges underlying those shortcomings.

The paper, "From Social Media to Artificial Intelligence: Improving Research on Digital Harms in Youth,' published 21 January in The Lancet Child and Adolescent Health, calls for a "critical re-evaluation" of how we study the impact of internet-based technologies on young people's mental health, and outlines where future AI research can learn from several pitfalls of social media research. Existing limitations include inconsistent findings and a lack of longitudinal, causal studies.

The analysis and recommendations by the Oxford researchers are divided into four sections:
    	A brief review of recent research on the effects of technology on children's and adolescents' mental health, highlighting key limitations to the evidence.
    	An analysis of the challenges in the design and interpretation of research that they believe underlie these limitations.
    	Proposals for improving research methods to address these challenges, with a focus on how they can apply to the study of AI and children's wellbeing.
    	Concrete steps for collaboration between researchers, policymakers, big tech, caregivers and young people.

"Research on the effects of AI, as well as evidence for policymakers and advice for caregivers, must learn from the issues that have faced social media research," said Dr Karen Mansfield, postdoctoral researcher at the OII and lead author of the paper. "Young people are already adopting new ways of interacting with AI, and without a solid framework for collaboration between stakeholders, evidence-based policy on AI will lag behind, as it did for social media."

The paper describes how the impact of social media is often interpreted as one isolated causal factor, which neglects different types of social media use, as well as contextual factors that influence both technology use and mental health. Without rethinking this approach, future research on AI risks getting caught up in a new media panic, as it did for social media. Other challenges include measures of social media use that are quickly outdated, and data that frequently excludes the most vulnerable young people.

The authors propose that effective research on AI will ask questions that don't implicitly problematise AI, ensure causal designs, and prioritise the most relevant exposures and outcomes.

The paper concludes that as young people adopt new ways of interacting with AI, research and evidence-based policy will struggle to keep up. However, by ensuring our approach to investigating the impact of AI on young people reflects the learnings of past research's shortcomings, we can more effectively regulate the integration of AI into online platforms, and how they are used.

"We are calling for a collaborative evidence-based framework that will hold big tech firms accountable in a proactive, incremental, and informative way," said Professor Andrew Przybylski, OII Professor of Human Behaviour and Technology and contributing author to the paper. "Without building on past lessons, in ten years we could be back to square one, viewing the place of AI in much the same way we feel helpless about social media and smartphones. We have to take active steps now so that AI can be safe and beneficial for children and adolescents."
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Can DNA-nanoparticle motors get up to speed with motor proteins? | ScienceDaily
DNA-nanoparticle motors are exactly as they sound: tiny artificial motors that use the structures of DNA and RNA to propel motion by enzymatic RNA degradation. Essentially, chemical energy is converted into mechanical motion by biasing the Brownian motion. The DNA-nanoparticle motor uses the "burnt-bridge" Brownian ratchet mechanism. In this type of movement, the motor is being propelled by the degradation (or "burning") of the bonds (or "bridges") it crosses along the substrate, essentially biasing its motion forward.


						
These nano-sized motors are highly programmable and can be designed for use in molecular computation, diagnostics, and transport. Despite their genius, DNA-nanoparticle motors don't have the speed of their biological counterparts, the motor protein, which is where the issue lies. This is where researchers come in to analyze, optimize, and rebuild a faster artificial motor using single-particle tracking experiment and geometry-based kinetic simulation.

"Natural motor proteins play essential roles in biological processes, with a speed of 10-1000 nm/s. Until now, artificial molecular motors have struggled to approach these speeds, with most conventional designs achieving less than 1 nm/s," said Takanori Harashima, researcher and first author of the study.

Researchers published their work in Nature Communications on January 16th, 2025, featuring a proposed solution to the most pressing issue of speed: switching the bottleneck.

The experiment and simulation revealed that binding of RNase H is the bottleneck in which the entire process is slowed. RNase H is an enzyme involved in genome maintenance, and breaks down RNA in RNA/DNA hybrids in the motor. The slower RNase H binding occurs, the longer the pauses in motion, which is what leads to a slower overall processing time. By increasing the concentration of RNase H, the speed was markedly improved, showing a decrease in pause lengths from 70 seconds to around 0.2 seconds.

However, increasing motor speed came at the cost of processivity (the number of steps before detachment) and run-length (the distance the motor travels before detachment). Researchers found that this trade-off between speed and processivity/run-length could be improved by a larger DNA/RNA hybridization rate, bringing the simulated performance closer to that of a motor protein.

The engineered motor, with redesigned DNA/RNA sequences and a 3.8-fold increase in hybridization rate, achieved a speed of 30 nm/s, 200 processivity, and a 3 mm run-length. These results demonstrate that the DNA-nanoparticle motor is now comparable to a motor protein in performance.




"Ultimately, we aim to develop artificial molecular motors that surpass natural motor proteins in performance," said Harashima. These artificial motors can be very useful in molecular computations based on the motion of the motor, not to mention their merit in the diagnosis of infections or disease-related molecules with a high sensitivity.

The experiment and simulation done in this study provide an encouraging outlook for the future of DNA-nanoparticle and related artificial motors and their ability to measure up to motor proteins as well as their applications in nanotechnology.

Takanori Harashima, Akihiro Otomo, and Ryota Iino of the Institute for Molecular Science at National Institutes of Natural Sciences and the Graduate Institute for Advanced Studies at SOKENDAI contributed to this research.

This work was supported by JSPS KAKENHI, Grants-in-Aid for Transformative Research Areas (A) (Publicly Offered Research) "Materials Science of Meso-Hierarchy" (24H01732) and "Molecular Cybernetics" (23H04434), Grant-in-Aid for Scientific Research on Innovative Areas "Molecular Engine" (18H05424), Grant-in-Aid for Early-Career Scientists (23K13645), JST ACT-X "Life and Information" (MJAX24LE), and Tsugawa foundation Research Grant for FY2023.
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New paper creates roadmap for the next generation of bioelectronic medicine | ScienceDaily
From the ancient Egyptians' use of electric fish to treat headaches to the invention of pacemakers to regulate heart rhythms in the 1950s, the field of bioelectronic medicine -- which makes use of electrical signals instead of drugs to diagnose and treat disease -- has advanced and is started to come into its own. Where is the field now? And what are the most promising opportunities for life-changing new therapies and diagnostics?


						
New research led by Imanuel Lerman, head of the Lerman Lab of the UC San Diego Qualcomm Institute and UC San Diego School of Medicine Department of Anesthesiology, as well as the VA Center of Excellence for Stress and Mental Health, provides some answers.

"This paper is intended to be a roadmap to the future of the biomedicine field," Lerman said. "We're putting a flagpole in the ground and saying, 'This is what we're planning to do, and this is the story behind it.' That's why there are 180 references. We want to make sure that everybody has the resources they may need to be able to understand and read deeper if they want to."

The research, published today in the peer-reviewed journal Bioelectronic Medicine, was commissioned by Convergent Research, a nonprofit that addresses the need for focused, high-impact, multi-entity projects that might otherwise fall through the cracks of current funding mechanisms.

A World of Promise

Even beyond increasingly sophisticated pacemakers, bioelectronic medicine already has earned a place in modern medicine. Implantable devices have been approved by the US Food and Drug Administration for movement disorders such as Parkinson's disease (via deep brain stimulation); back pain and injury-related motor dysfunction (via spinal cord stimulation); and instances of epilepsy, depression, stroke and migraines (via stimulation of the vagus nerve, which helps control digestion, heart rate, mood and the body's inflammation response).

More recent developments have included noninvasive techniques, in which the nervous system can be stimulated by devices from outside of the body. Transcranial magnetic stimulation, for one, was approved for depression in 2008. Since then, its indications have expanded to include migraine-related pain, obsessive-compulsive disorder, smoking cessation and anxious depression.




Lerman and colleagues see much promise ahead.

The new paper highlights the advent of noninvasive bioelectronic techniques. Not only does this approach avoid surgery-related risks, but it also offers some distinct advantages over the pharmaceutical treatments we take for granted.

"Non-invasive neuromodulation is an emerging field where we believe there's a big opportunity," said Lerman, who is also a provider with UC San Diego Health. "The potential for scale is there, since a device doesn't have to be refrigerated. It's not a drug. All you need is electricity to run the device or a battery. And it can use the body's own system to tamp down inflammation."

In addition, pairing bioelectronic medical devices with sensors can create self-regulating "closed loop" systems that can adjust according to the needs of the individual. No longer tied to a standard dose of a drug, bioelectronic devices could truly provide individualized medicine continuously adjusting doses based on feedback from a patient's biomarkers.

While much work is still required to create such closed-loop systems, Lerman and colleagues see them as a potentially transformative approach to medical treatments.

Unique Capabilities

Even beyond this framework, bioelectronic medicine may introduce revolutionary new capabilities.




One tantalizing possibility is using bioelectronic medicine as a diagnostic tool. Previous research has suggested that the body produces a unique response to each infectious agent over time. Thus, these "time-series" patterns can accurately predict the disease-causing agent and could be used to guide effective treatment.

"The goal is to build a pathogen library," Lerman said, "where we would be able to identify the signature of each pathogen and then try to intervene with the correct amount of neuromodulation to impede the inflammation associated with that infection and to make that infection less severe."

Disease signatures have been shown in waveform data (EEG, respirogram, temperature), but Lerman and colleagues suggest that monitoring the activity of the vagus and other nerves in the autonomic (involuntary) nervous system could provide key information for this effort.

Another area where bioelectronic medicine could have an oversized impact is mental health. Recent research has highlighted inflammation and the immune system as key players in a host of mental health conditions.

"Mental health disorders -- including post-traumatic stress disorder, major depression disorder and general anxiety disorder -- are all at the core very much related to the 'neuro-immune axis' and regulation of inflammation," Lerman said. "Further pathological processes within the vagus nerve are known to occur with certain neuroinflammatory disorders such as long COVID and certain types of Parkinson's disease." Many different viruses and/or pathogen constituents can transmit from the gut via the vagus nerve to the brain, or, because of the inflammation in the gut, result in peripheral inflammation that also causes problems in the brain.

Lerman suggests bioelectronic medicine could assess brain inflammation to measure the severity of mental health disorders and be tapped to treat them with the precise dosage needed. Autonomic neurography or ANG is poised to be especially useful in clinical trials; it will objectively stratify mental health severity providing clinical trials with a precision medicine measure that can guide specific treatments.

Projects supported by U.S. Defense Advanced Research Projects Agency, National Institutes of Health, Biological Advanced Research & Development Authority, as well as the Office of Science and Technology Policy and other sources of funding and advocacy have brought bioelectronic medicine to this point, Lerman acknowledges.

"There is still a lot of work ahead of us," he said, "but these next-generation systems have much potential for new avenues of individualized and adaptive treatment."
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Scientists harness the power of 'layered' crystals for energy innovation | ScienceDaily
University of Missouri scientists are unlocking the secrets of halide perovskites -- a material that's poised to reshape our future by bringing us closer to a new age of energy-efficient optoelectronics.


						
Suchi Guha and Gavin King, two physics professors in Mizzou's College of Arts and Science, are studying the material at the nanoscale: a place where objects are invisible to the naked eye. At this level, the extraordinary properties of halide perovskites come to life, thanks to the material's unique structure of ultra-thin crystals -- making it astonishingly efficient at converting sunlight into energy.

Think solar panels that are not only more affordable but also far more effective at powering homes. Or LED lights that burn brighter and last longer while consuming less energy.

"Halide perovskites are being hailed as the semiconductors of the 21st century," said Guha, who specializes in solid-state physics. "Over the past six years, my lab has concentrated on optimizing these materials as a sustainable source for the next generation of optoelectronic devices."

To create the material, the scientists used a method called chemical vapor deposition. It was developed and optimized by Randy Burns, one of Guha's former graduate students, in collaboration with Chris Arendse from the University of the Western Cape in South Africa. And because it's scalable, it can easily be used to mass produce solar cells.

Guha's team explored the fundamental optical properties of halide perovskites using ultrafast laser spectroscopy. To optimize the material for various electronic applications, the team turned to King.

King, who primarily works with organic materials, used a method called ice lithography, known for its ability to fabricate materials at the nanometer scale. Ice lithography requires cooling the material to cryogenic temperatures -- typically below -150degC (-238degF). This ultra-cool method allowed the team to create distinct properties for the material using an electron beam.




He equates the method to using a "nanometer-scale chisel."

"By creating intricate patterns on these thin films, we can produce devices with distinct properties and functionalities," King, who specializes in biological physics, said. "These patterns are the equivalent to developing the base or foundational layer in optical electronics."

Finding success through collaboration

While Guha and King work in different areas of physics, they said this collaboration has benefited both them and their students.

"I find it exciting because, on my own, there are only so many things I can do, both experimentally and theoretically," Guha said. "But when you collaborate, you get the full picture and the chance to learn new things. For example, Gavin's lab works with biological materials, and by combining that with our work in solid-state physics, we're discovering new applications that we hadn't considered before."

King agrees.

"Everyone brings a unique perspective, which is what makes it work," King said. "If we were all trained the same way, we'd all think the same, and that wouldn't allow us to accomplish as much as we can here together."
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Harnessing electromagnetic waves and quantum materials to improve wireless communication technologies | ScienceDaily
A team of researchers from the University of Ottawa has developed innovative methods to enhance frequency conversion of terahertz (THz) waves in graphene-based structures, unlocking new potential for faster, more efficient technologies in wireless communication and signal processing.


						
THz waves, located in the far-infrared region of the electromagnetic spectrum, can be used to perform non-invasive imaging through opaque materials for security and quality control applications. Additionally, these waves hold great promise for wireless communication. Advances in THz nonlinear optics, which can be used to change the frequency of electromagnetic waves, are essential for the development of high-speed wireless communication and signal processing systems for 6G technologies and beyond.

THz technologies are rapidly evolving as they are poised to play a critical role in health, communication, security, and quality control. Jean-Michel Menard, Associate Professor of Physics from the Faculty of Science and a team of researchers have paved the way for developing devices capable of upconverting electromagnetic signals to higher oscillation frequencies, effectively bridging the gap between GHz electronics and THz photonics.

These findings -- published in Light: Science & Applications -- demonstrate innovative strategies for enhancing THz nonlinearities in graphene-based devices. "The research marks a significant step forward in improving the efficiency of THz frequency converters, a critical aspect for multi-spectral THz applications and especially the future of communication systems, like 6G," says Professor Menard, who collaborated on the project with fellow uOttawa researchers Ali Maleki and Robert W. Boyd, plus Moritz B. Heindl and Georg Herink from the University of Bayreuth (Germany) and Iridian Spectral Technologies.

This new research showcases methods to leverage the unique optical properties of graphene, an emerging quantum material made of a single layer of carbon atoms. This 2D material can be seamlessly integrated into devices, enabling new applications for signal processing and communication.

Previous works combining THz light and graphene primarily focused on fundamental light-matter interactions, often examining the effect of a single parameter in the experiment. The resulting nonlinear effects were extremely weak. To overcome this limitation, Professor Menard and his colleagues have combined multiple innovative approaches to enhance nonlinear effects and fully leverage graphene's unique properties.

"Our experimental platform and novel device architectures offer the possibility to explore a vast range of materials beyond graphene and potentially identify new nonlinear optical mechanisms," adds Ali Maleki, a PhD student in the Ultrafast THz group at uOttawa, who collected and analyzed results for the study.

"Such research and development are crucial for refining THz frequency conversion techniques and eventually integrating this technology into practical applications, particularly to enable efficient, chip-integrated nonlinear THz signal converters that will drive future communication systems."
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Reimagining chain mail | ScienceDaily
Experiments from the Caltech lab of Chiara Daraio, G. Bradford Jones Professor of Mechanical Engineering and Applied Physics and Heritage Medical Research Institute Investigator, have yielded a fascinating new type of matter, neither granular nor crystalline, that responds to some stresses as a fluid would and to others like a solid. The new material, known as PAM (for polycatenated architected materials) could have uses in areas ranging from helmets and other protective gear to biomedical devices and robotics.


						
PAMs are not found in nature, though their basic form is known to us through the millennia-old manufacture of chain mail: small metal rings linked together to form a mesh, most often used as a flexible form of armor. PAMs, however, are like chain mail on steroids. Following the basic principle of interlocking shapes, like those found in a chain, PAMs are made up of a variety of shapes linked together to form three-dimensional patterns whose configurations are almost unimaginably variable. The resulting materials, which Daraio and her colleagues have rendered using 3D printers, exhibit behaviors not found in other types of materials.

Wenjie Zhou, postdoctoral scholar research associate in mechanical and civil engineering, has been working on these types of materials for two years in Daraio's lab. "I was a chemist, and I wanted to make these structures at a molecular scale, but that proved too challenging. In order to get answers to the questions I had about how these structures behave, I decided to join Chiara's group and study PAMs at a larger scale."

The PAMs that Daraio's group created and studied were first modeled on a computer and were designed to replicate lattice structures found in crystalline substances but with the crystal's fixed particles replaced by entangled rings or cages with multiple sides.

These lattices were then printed out three-dimensionally using a variety of materials, including acrylic polymers, nylon, and metals. Once the PAMs could be held in the palm of one's hand--most of the prototypes are 5-centimeter (2-inch) cubes or spheres with a 5-centimeter diameter--they were exposed to various types of physical stress. "We started with compression," Zhou explains, "compressing the objects a bit harder each time. Then we tried a simple shear, a lateral force, like what you would apply if you were trying to tear the material apart. Finally, we did rheology tests, seeing how the materials responded to twisting, first slowly and then more quickly and strongly."

In some scenarios, these PAMs behaved like liquids. "Imagine applying a shear stress to water," Zhou says. "There would be zero resistance. Because PAMs have all these coordinated degrees of freedom, with the rings and cages they are composed of sliding against one another as the links of a chain would, many have very little shear resistance." But when these structures are compressed, they may become fully rigid, behaving like solids.

This dynamism makes PAMs unique. "PAMs are really a new type of matter," Daraio says. "We all have a clear distinction in mind when we think of solid materials and granular matter. Solid materials are often described as crystalline lattices. This is what you see in the classic ball-and-stick models of atomic, chemical, or larger crystalline structures. It is these materials that have formed our conventional understanding of solid matter. The other class of materials is granular, as we see in substances like rice, flour, or ground coffee. These materials are made up of discrete particles, free to move and slide relative to one another."

PAMs defy this binary classification. "With PAMs, the individual particles are linked as they are in crystalline structures, and yet, because these particles are free to move relative to one another, they flow, they slide on top of each other, and they change their relative positions, more like grains of sand," Daraio explains. "PAMs can be very different from one another. You can print them in squishy materials or hard ones. You can change the shape of each particle, and you can change the lattice that you use to connect these particles. Each of these parameters affects the behavior of the resulting material. But all of them show a characteristic transition between fluid and solid-like behavior. This transition may happen under different circumstances, but it always happens."




"Architected materials have been a significant subfield in material science and engineering for the past 20 to 30 years," Daraio says. "But as hybrids between granular materials and elastic deformable materials, PAMs are exciting and new. We have theories to describe granular matter and theories to describe elastic deformable matter, but nothing that captures these in-between materials. It's a fascinating frontier that promises to redefine what materials are and how they behave."

At this point, potential uses for PAMs are largely speculative but nevertheless intriguing, Daraio says: "These materials have unique energy-absorption properties. Because each element can slide and rotate and reorganize relative to each other, they can dissipate energy very efficiently," making them better candidates for use in helmets or other forms of protective gear than the currently used foams. This property makes them similarly attractive for use in packaging or in any environment where cushioning or stabilization is required.

Experiments with microscale PAMs have shown that they will expand or contract in response to applied electrical charges as well as physical forces, suggesting possible uses in biomedical devices or soft robotics.

Co-author Liuchi Li (PhD '20), now assistant professor of civil and environmental engineering at Princeton University, is enthusiastic about the future of PAMs: "We can envision incorporating advanced artificial intelligence techniques to accelerate the exploration of this vast design space. We are only scratching the surface of what is possible."

This research is published in Science under the title "3D polycatenated architected materials." Co-authors include Zhou, Daraio, Sujeeka Nadarajah, Hujie Yan (MS '24), Aashutosh K. Prachet, and Payal Patel of Caltech; Li of Princeton University; and Anna Guell Izard and Xiaoxing Xia (PhD '19) of Lawrence Livermore National Laboratory (LLNL). Computational resources were provided by the High-Performance Computing Center at Caltech, and the research was funded by the Army Research Office, the Gary Clinard Innovation Fund, LLNL, and the US Department of Energy.
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Astronomers thought they understood fast radio bursts: A recent one calls that into question | ScienceDaily
Astronomer Calvin Leung was excited last summer to crunch data from a newly commissioned radio telescope to precisely pinpoint the origin of repeated bursts of intense radio waves -- so-called fast radio bursts (FRBs) -- emanating from somewhere in the northern constellation Ursa Minor.


						
Leung, a Miller Postdoctoral Fellowship recipient at the University of California, Berkeley, hopes eventually to understand the origins of these mysterious bursts and use them as probes to trace the large-scale structure of the universe, a key to its origin and evolution. He had written most of the computer code that allowed him and his colleagues to combine data from several telescopes to triangulate the position of a burst to within a hair's width at arm's length.

The excitement turned to perplexity when his collaborators on the Canadian Hydrogen Intensity Mapping Experiment (CHIME) turned optical telescopes on the spot and discovered that the source was in the distant outskirts of a long-dead elliptical galaxy that by all rights should not contain the kind of star thought to produce these bursts.

Instead of finding an expected "magnetar" -- a highly magnetized, spinning neutron star left over from the core collapse of a young, massive star -- "now the question was: How are you going to explain the presence of a magnetar inside this old, dead galaxy?" Leung said.

The young stellar remnants that theorists think produce these millisecond bursts of radio waves should have disappeared long ago in the 11.3-billion-year-old galaxy, located 2 billion light years from Earth and weighing more than 100 billion times the mass of the sun.

"This is not only the first FRB to be found outside a dead galaxy, but compared to all other FRBs, it's also the farthest from the galaxy it's associated with. The FRB's location is surprising and raises questions about how such energetic events can occur in regions where no new stars are forming," said Vishwangi Shah, a doctoral student at McGill University in Montreal, Canada, who refined and extended Leung's initial calculations about the location of the burst, called FRB 20240209A.

Shah is the corresponding author of a study of the FRB published today (Tuesday, Jan. 21) in the Astrophysical Journal Letters along with a second paper by colleagues at Northwestern University in Evanston, Illinois. Leung, a co-author of both papers, is a lead developer of three companion telescopes -- so-called outriggers -- to the original CHIME radio array located near Penticton, British Columbia. He mentored Shah at McGill while Leung was a doctoral student at the Massachusetts Institute of Technology (MIT) and subsequently held an Einstein Postdoctoral Fellowship at UC Berkeley prior to his Miller fellowship.




New CHIME outrigger in California

A third outrigger radio array will go online this week at Hat Creek Observatory, a facility in Northern California formerly owned and operated by UC Berkeley and now managed by the SETI Institute in Mountain View. Together, the four arrays will immensely improve CHIME's ability to precisely locate FRBs.

"When paired with the three outriggers, we should be able to accurately pinpoint one FRB a day to its galaxy, which is substantial," Leung said. "That's 20 times better than CHIME, with two outrigger arrays."

With this new precision, optical telescopes can pivot to identify the type of star groups -- globular clusters, spiral galaxies -- that produce the bursts and hopefully identify the stellar source. Of the 5,000 or so sources detected to date -- over 95% of which were detected by CHIME -- few have been isolated to a specific galaxy, which has hindered efforts to confirm whether magnetars or any other type of star are the source.

As detailed in the new paper, Shah averaged many bursts from the repeating FRB to improve the pinpointing accuracy provided by the CHIME array and one outrigger array in British Columbia. After its discovery in February 2024, astronomers recorded 21 more bursts through July 31. Since the paper was submitted, Shion Andrew at MIT incorporated data from a second outrigger at the Green Bank Observatory in West Virginia to confirm Shah's published position with 20 times the precision.

"This result challenges existing theories that tie FRB origins to phenomena in star-forming galaxies," said Shah. "The source could be in a globular cluster, a dense region of old, dead stars outside the galaxy. If confirmed, it would make FRB 20240209A only the second FRB linked to a globular cluster."

She noted, however, that the other FRB originating in a globular cluster was associated with a live galaxy, not an old elliptical in which star formation ceased billions of years ago.




"It's clear that there's still a lot of exciting discovery space when it comes to FRBs and that their environments could hold the key to unlocking their secrets," said Tarraneh Eftekhari, who has an Einstein Postdoctoral Fellowship at Northwestern and first author of the second paper.

"CHIME and its outrigger telescopes will let us do astrometry at a level unmatched by the Hubble Space Telescope or the James Webb Space Telescope. It'll be up to them to drill down to find the source," Leung added. "It's an amazing radio telescope."

The studies were supported by Gordon and Betty Moore Foundation, NASA, the Space Telescope Science Institute, the National Science Foundation, the David and Lucile Packard Foundation, the Alfred P. Sloan Foundation, the Research Corporation for Science Advancement, the Canadian Institute for Advanced Research, the Natural Sciences and Engineering Council of Canada, the Canada Foundation for Innovation and the Trottier Space Institute at McGill.
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'Unprecedented' level of control allows person without use of limbs to operate virtual quadcopter | ScienceDaily
A brain-computer interface, surgically placed in a research participant with tetraplegia, paralysis in all four limbs, provided an unprecedented level of control over a virtual quadcopter -- just by thinking about moving his unresponsive fingers.


						
The technology divides the hand into three parts: the thumb and two pairs of fingers (index and middle, ring and small). Each part can move both vertically and horizontally. As the participant thinks about moving the three groups, at times simultaneously, the virtual quadcopter responds, maneuvering through a virtual obstacle course.

It's an exciting next step in providing those with paralysis the chance to enjoy games with friends while also demonstrating the potential for performing remote work.

"This is a greater degree of functionality than anything previously based on finger movements," said Matthew Willsey, U-M assistant professor of neurosurgery and biomedical engineering, and first author of a new research paper in Nature Medicine. The testing that produced the paper was conducted while Willsey was a researcher at Stanford University, where most of his collaborators are located.

While there are noninvasive approaches to allow enhanced video gaming such as using electroencephalography to take signals from the surface of the user's head, EEG signals combine contributions from large regions of the brain. The authors believe that to restore highly functional fine motor control, electrodes need to be placed closer to the neurons. The study notes a sixfold improvement in the user's quadcopter flight performance by reading signals directly from motor neurons vs. EEG.

To prepare the interface, patients undergo a surgical procedure in which electrodes are placed in the brain's motor cortex. The electrodes are wired to a pedestal that is anchored to the skull and exits the skin, which allows a connection to a computer.

"It takes the signals created in the motor cortex that occur simply when the participant tries to move their fingers and uses an artificial neural network to interpret what the intentions are to control virtual fingers in the simulation," Willsey said. "Then we send a signal to control a virtual quadcopter."

The research, conducted as part of the BrainGate2 clinical trials, focused on how these neural signals could be coupled with machine learning to provide new options for external device control for people with neurological injuries or disease. The participant first began working with the research team at Stanford in 2016, several years after a spinal cord injury left him unable to use his arms or legs. He was interested in contributing to the work and had a particular interest in flying.




"The quadcopter simulation was not an arbitrary choice, the research participant had a passion for flying," said Donald Avansino, co-author and computer scientist at Stanford University. "While also fulfilling the participant's desire for flight, the platform also showcased the control of multiple fingers."

Co-author Nishal Shah, incoming professor of electrical and computer engineering at Rice University, explained, "controlling fingers is a stepping stone; the ultimate goal is whole body movement restoration."

Jaimie Henderson, a Stanford professor of neurosurgery and co-author of the study, said the work's importance goes beyond games. It allows for human connection.

"People tend to focus on restoration of the sorts of functions that are basic necessities -- eating, dressing, mobility -- and those are all important," he said. "But oftentimes, other equally important aspects of life get short shrift, like recreation or connection with peers. People want to play games and interact with their friends."

A person who can connect with a computer and manipulate a virtual vehicle simply by thinking, he says, could eventually be capable of much more.

"Being able to move multiple virtual fingers with brain control, you can have multifactor control schemes for all kinds of things," Henderson said. "That could mean anything, from operating CAD software to composing music."

Researchers Nick Hahn, Ryan Jamiolkowski, Foram Kamdar and Francis Willett at Stanford and Leigh Hochberg at Brown University also contributed to the study.

CAUTION: Investigational Device. Limited by Federal law to investigational use.
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Neuromorphic semiconductor chip that learns and corrects itself? | ScienceDaily
Existing computer systems have separate data processing and storage devices, making them inefficient for processing complex data like AI. A KAIST research team has developed a memristor-based integrated system similar to the way our brain processes information. It is now ready for application in various devices including smart security cameras, allowing them to recognize suspicious activity immediately without having to rely on remote cloud servers, and medical devices with which it can help analyze health data in real time.


						
KAIST (President Kwang Hyung Lee) announced on the 17th of January that the joint research team of Professor Shinhyun Choi and Professor Young-Gyu Yoon of the School of Electrical Engineering has developed a next-generation neuromorphic semiconductor-based ultra-small computing chip that can learn and correct errors on its own.

What is special about this computing chip is that it can learn and correct errors that occur due to non-ideal characteristics that were difficult to solve in existing neuromorphic devices. For example, when processing a video stream, the chip learns to automatically separate a moving object from the background, and it becomes better at this task over time.

This self-learning ability has been proven by achieving accuracy comparable to ideal computer simulations in real-time image processing. The research team's main achievement is that it has completed a system that is both reliable and practical, beyond the development of brain-like components.

The research team has developed the world's first memristor-based integrated system that can adapt to immediate environmental changes, and has presented an innovative solution that overcomes the limitations of existing technology.

At the heart of this innovation is a next-generation semiconductor device called a memristor*. The variable resistance characteristics of this device can replace the role of synapses in neural networks, and by utilizing it, data storage and computation can be performed simultaneously, just like our brain cells.

*Memristor: A compound word of memory and resistor, next-generation electrical device whose resistance value is determined by the amount and direction of charge that has flowed between the two terminals in the past.




The research team designed a highly reliable memristor that can precisely control resistance changes and developed an efficient system that excludes complex compensation processes through self-learning. This study is significant in that it experimentally verified the commercialization possibility of a next-generation neuromorphic semiconductor-based integrated system that supports real-time learning and inference.

This technology will revolutionize the way artificial intelligence is used in everyday devices, allowing AI tasks to be processed locally without relying on remote cloud servers, making them faster, more privacy-protected, and more energy-efficient.

"This system is like a smart workspace where everything is within arm's reach instead of having to go back and forth between desks and file cabinets," explained KAIST researchers Hakcheon Jeong and Seungjae Han, who led the development of this technology. "This is similar to the way our brain processes information, where everything is processed efficiently at once at one spot."

The research was conducted with Hakcheon Jeong and Seungjae Han, the students of Integrated Master's and Doctoral Program at KAIST School of Electrical Engineering being the co-first authors, the results of which was published online in the international academic journal, Nature Electronics, on January 8, 2025.

This research was supported by the Next-Generation Intelligent Semiconductor Technology Development Project, Excellent New Researcher Project and PIM AI Semiconductor Core Technology Development Project of the National Research Foundation of Korea, and the Electronics and Telecommunications Research Institute Research and Development Support Project of the Institute of Information & communications Technology Planning & Evaluation.
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New ceramic catalyst uses sodium and boron to drive sustainable industrial reactions | ScienceDaily
Heterogeneous catalysts speed up chemical reactions by being in a different state than the reactants. They are efficient and stable, even under challenging conditions such as high temperature or pressure. Traditionally, metals like iron, platinum, and palladium have been widely used in industries like petrochemicals and agriculture for important reactions such as hydrogenation and Haber's process. However, these metals are rare and can have problems like buildup from coking. Scientists are increasingly exploring common elements as catalysts for more sustainable and cost-effective industrial applications.


						
In the mid-2000s, the introduction of the frustrated Lewis pair (FLP) concept marked a major advancement in catalysis, particularly in small molecule activation. An FLP is made up of a combination of two components -- one acting as a Lewis acid and the other as a Lewis base -- that are unable to fully react with each other due to spatial or electronic hindrance. This "frustration" leaves them in a highly reactive state, allowing them to activate stable molecules like hydrogen, carbon dioxide, or ammonia, which are normally quite hard to break apart. FLPs stand out because they have multiple active sites, making them more reactive and selective compared to traditional catalysts, which typically have just one active site. There are two main types of FLPs: heterogeneous defect-regulated FLPs and molecular-based homogeneous FLPs. The first type controls the number of active sites through surface defects; it can be tedious to accurately tune its reactivity and control its stability. The second type involves small molecules where the acid-base pair exists within the same molecular structure, making it easier to adjust their reactivity by simply changing the surrounding components.

A recent study has broken new ground by adapting molecular-based FLPs for use in solid-state systems. The researchers achieved this by leveraging the chemical versatility of pre-ceramic polymers through the Polymer-Derived Ceramic (PDC) process. This collaborative effort brought together experts from around the globe, including Professor Yuji Iwamoto and Dr. Shotaro Tada from Nagoya Institute of Technology, Japan; Dr. Samuel Bernard from the University of Limoges, France; and Professor Ravi Kumar from the Indian Institute of Technology Madras, India. Their findings were made available online on August 9, 2024, declared as a "Hot Paper" on October 2, 2024, and published in Volume 63, Issue 46 of the journal Angewandte Chemie International Edition on November 11, 2024.

Professor Yuji Iwamoto, the lead researcher, explains, "We used a nitrogen-containing organosilicon polymer, known as polysilazane, as a precursor for Lewis base sites as well asfor the amorphous silicon nitride (a-SiN) matrix. By converting it through a thermochemical process, we created the a-SiN scaffold with precisely controlled pore sizes that act as nanoconfined reaction fields."

In this study, the research team chemically modified polysilazane with boron (B) -- a naturally abundant and less toxic Lewis acid -- and sodium (Na). The modified material was then exposed to flowing ammonia at 1000 degC, which resulted in sodium-doped amorphous silicon-boron-nitride (Na-doped SiBN).

Using cutting-edge spectroscopic techniques, the researchers uncovered how the sodium-doped SiBN material interacted with hydrogen at a molecular level. They found that the unique structure of this material enhanced the reactivity of boron and nitrogen sites when exposed to hydrogen. Specifically, hydrogen molecules interacted with both the boron sites and the sodium ions, transforming the 3-fold-coordinated boron-nitrogen moiety into a more distorted and polar structure to form a 4-fold-coordinated geometry with small molecules, acting as frustrated Lewis acid (FLA) sites. When hydrogen was introduced at certain temperatures, it triggered changes in the nitrogen-hydrogen (N-H) bonds, leading to the formation of frustrated Lewis base (FLB) sites. These sites created a dynamic interaction pattern of the FLP that enabled reversible hydrogen adsorption and desorption, confirmed through thermodynamic experiments. The high activation energy for hydrogen release suggested strong interactions, making the material a promising catalyst for efficient and sustainable hydrogen-based reactions.

This newly developed amorphous sodium-doped SiBN material stands out for its exceptional thermal stability, surpassing other molecular FLPs and making it an ideal candidate for catalytic processes under harsh conditions. Additionally, its flexible ceramic-based structure offers immense potential for practical applications, particularly in hydrogenation reactions, which are essential processes in industries like energy and chemicals.

"This approach holds promise for advancing main-group-mediated solid-gas phase interactions in heterogeneous catalysis, offering valuable insights and promising significant impacts in this domain," explains Professor Iwamoto.

The pioneering findings of this study highlight the potential of this innovative material to revolutionize sustainable catalysis.
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Extreme supersonic winds measured on planet outside our Solar System | ScienceDaily
Astronomers have discovered extremely powerful winds pummeling the equator of WASP-127b, a giant exoplanet. Reaching speeds up to 33,000 km/h, the winds make up the fastest jetstream of its kind ever measured on a planet. The discovery was made using the European Southern Observatory's Very Large Telescope (ESO's VLT) in Chile and provides unique insights into the weather patterns of a distant world.


						
Tornados, cyclones and hurricanes wreak havoc on Earth, but scientists have now detected planetary winds on an entirely different scale, far outside the Solar System. Ever since its discovery in 2016, astronomers have been investigating the weather on WASP-127b, a giant gas planet located over 500 light-years from Earth. The planet is slightly larger than Jupiter, but has only a fraction of its mass, making it 'puffy'. An international team of astronomers have now made an unexpected discovery: supersonic winds are raging on the planet.

"Part of the atmosphere of this planet is moving towards us at a high velocity while another part is moving away from us at the same speed," says Lisa Nortmann, a scientist at the University of Gottingen, Germany, and lead author of the study. "This signal shows us that there is a very fast, supersonic, jet wind around the planet's equator."

At 9 km per second (which is close to a whopping 33,000 km/h), the jet winds move at nearly six times the speed at which the planet rotates.* "This is something we haven't seen before," says Nortmann. It is the fastest wind ever measured in a jetstream that goes around a planet. In comparison, the fastest wind ever measured in the Solar System was found on Neptune, moving at 'only' 0.5 km per second (1800 km/h).

The team, whose research was published today in Astronomy & Astrophysics, mapped the weather and make-up of WASP-127b using the CRIRES+ instrument on ESO's VLT. By measuring how the light of the host star travels through the planet's upper atmosphere, they managed to trace its composition. Their results confirm the presence of water vapour and carbon monoxide molecules in the planet's atmosphere. But when the team tracked the speed of this material in the atmosphere, they observed -- much to their surprise -- a double peak, indicating that one side of the atmosphere is moving towards us and the other away from us at high speed. The researchers conclude that powerful jetstream winds around the equator would explain this unexpected result.

Further building up their weather map, the team also found that the poles are cooler than the rest of the planet. There is also a slight temperature difference between the morning and evening sides of WASP-127b. "This shows that the planet has complex weather patterns just like Earth and other planets of our own System," adds Fei Yan, a co-author of the study and a professor at the University of Science and Technology of China.

The field of exoplanet research is rapidly advancing. Up until a few years ago, astronomers could measure only the mass and the radius of planets outside the Solar System. Today, telescopes like ESO's VLT already allow scientists to map the weather on these distant worlds and analyse their atmospheres. "Understanding the dynamics of these exoplanets helps us explore mechanisms such as heat redistribution and chemical processes, improving our understanding of planet formation and potentially shedding light on the origins of our own Solar System," says David Cont from the Ludwig Maximilian University of Munich, Germany, and a co-author of the paper.

Interestingly, at present, studies like this can only be done by ground-based observatories, as the instruments currently on space telescopes do not have the necessary velocity precision. ESO's Extremely Large Telescope -- which is under construction close to the VLT in Chile -- and its ANDES instrument will allow researchers to delve even deeper into the weather patterns on far-away planets. "This means that we can likely resolve even finer details of the wind patterns and expand this research to smaller, rocky planets," Nortmann concludes.

Note

* While the team hasn't measured the rotation speed of the planet directly, they expect WASP-127b to be tidally locked, meaning the planet takes as long to rotate around its own axis as it does to orbit the star. Knowing how big the planet is and how long it takes to orbit its star, they can infer how fast it's rotating.
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Salt deposit ring inside your pasta pan? | ScienceDaily
If you've ever tossed a generous pinch of salt into your pasta pan's water for flavor or as an attempt to make it boil faster, you've likely ended up with a whitish ring of deposits inside the pan.


						
A group of scientists from the University of Twente in the Netherlands and the French National Institute for Agriculture, Food, and Environment (INRAE), inspired by this observation during an evening of board games and pasta dinner, wondered what it would take to create the most beautiful salt ring inside the pasta pan: Would you need to throw in small salt grains or large ones? In what quantity and how fast? Is there an optimal amount of water inside the pan?

In Physics of Fluids, from AIP Publishing, the group reports their findings about what causes these peculiar salt particle cloud deposits to form. Their experiment is simple to set up, easily reproducible, and inexpensive.

"By the end of our meal, we'd sketched an experimental protocol and written a succession of experiments we wanted to try on my youngest son's small whiteboard," said Mathieu Souzy. "It was a great overall experience, because we soon realized our simple observation of daily life conceals a rich variety of physical mechanisms!"

So what's really going on within the pan? When a single particle is released into a tank of water, it settles to the bottom due to gravity and creates a small wake drag that perturbs the flow of water around it.

"If a large number of particles are released at the same time, neighboring particles experience this flow perturbation generated by all surrounding particles," said Souzy. "It causes sedimenting (falling) particles to be progressively shifted horizontally, which leads to an expanding circular distribution of the particles."

When particles reach the bottom rapidly, they form a circular deposit, and the water entrained within the wake of the cloud of particles further pushes the particles radially away. This creates a clean central depletion region.

But if particles are released from a greater height, they sediment (fall) for a longer time and the cloud of particles expands radially -- until there's a large enough space between particles so that the flow perturbations induced by their fellow sedimenting/falling particles become negligible and particles are no longer close enough to form a "cloud." Then, particles essentially rain down to form a homogeneous circular deposit.

"These are the main physical ingredients, and despite its apparent simplicity, this phenomenon encompasses a wide range of physical concepts such as sedimentation, non-creeping flow, long-range interactions between multiple bodies, and wake entrainment," said Souzy. "Things get even more interesting once you realize larger particles are more radially shifted than small ones, which means you can sort particles by size just by dropping them into a water tank!"

And yes, Souzy can "create very nice salt rings almost every time" he cooks now.
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First fast radio burst traced to old, dead, elliptical galaxy | ScienceDaily
For the first time, astronomers have traced a fast radio burst (FRB) to the outskirts of an ancient, dead, elliptical galaxy -- an unprecedented home for a phenomenon previously associated with much younger galaxies.


						
Detailed in two complementary studies led by Northwestern University and McGill University, the discovery shatters assumptions that FRBs solely emanate from regions of active star formation. The new observational evidence, instead, hints that the origins of these mysterious cosmic events might be more diverse than previously thought.

Both studies will publish on Tuesday (Jan. 21) in the Astrophysical Journal Letters.

"The prevailing theory is that FRBs come from magnetars formed through core-collapse supernovae," said Northwestern's Tarraneh Eftekhari, who led one of the studies and coauthored the other. "That doesn't appear to be the case here. While young, massive stars end their lives as core-collapse supernovae, we don't see any evidence of young stars in this galaxy. Thanks to this new discovery, a picture is emerging that shows not all FRBs come from young stars. Maybe there is a subpopulation of FRBs that are associated with older systems."

"This new FRB shows us that just when you think you understand an astrophysical phenomenon, the universe turns around and surprises us," said Northwestern's Wen-fai Fong, a senior author on both studies. "This 'dialogue' with the universe is what makes our field of time-domain astronomy so incredibly thrilling."

Eftekhari is a NASA Einstein Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). Fong is an associate professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and a member of CIERA.

A first for the CHIME outrigger telescopes

Astronomers first detected the new FRB, dubbed FRB 20240209A, in February 2024 with the Canadian Hydrogen Intensity Mapping Experiment (CHIME). Flaring up and disappearing within milliseconds, FRBs are brief, powerful radio blasts that generate more energy in one quick burst than our sun emits in an entire year.




But this event flared up more than once. Between the initial burst in February through July 2024, the same source produced another 21 pulses -- six of which were also detected by an outrigger telescope located 60 kilometers away from CHIME's main station. Smaller versions of CHIME, the outriggers enable astronomers to precisely confine the specific locations of FRBs on the sky.

Most massive FRB host galaxy to date

After the team pinpointed the FRB's position, Eftekhari and her collaborators hurried to use telescopes at the W.M. Keck and Gemini observatories to explore the event's surrounding environment. In a specialized room on the Evanston campus, Northwestern astronomers have remote access to Keck, which enables them to quickly observe phenomena of high interest.

Instead of finding a young galaxy, these observations surprisingly revealed that the FRB originated at the edge of an 11.3-billion-year-old neighboring galaxy, located just 2 billion lightyears from Earth.

To learn more about this unusual host galaxy, the team used high-performance computers to run simulations. They found that the galaxy is extremely luminous and incredibly massive -- 100 billion times the mass of our sun.

"It seems to be the most massive FRB host galaxy to date," Eftekhari said. "It's among some of the most massive galaxies out there."

A far-flung home




But, while most FRBs originate well within their galaxies, the team traced FRB 20240209A to the outskirts of its home -- 130,000 lightyears from the galaxy's center where few other stars exist.

"Among the FRB population, this FRB is located the furthest from the center of its host galaxy," said Vishwangi Shah, a graduate student at McGill, who led the effort to pinpoint the FRB's origins. "This is both surprising and exciting, as FRBs are expected to originate inside galaxies, often in star-forming regions. The location of this FRB so far outside its host galaxy raises questions as to how such energetic events can occur in regions where no new stars are forming."

'Twinning' FRBs

Before this discovery, astronomers had traced only one other FRB to the outer fringes of a galaxy. In 2022, an international team of astronomers detected an FRB, which emanated from a tight cluster of stars on the edge of Messier 81 (M81), a grand design spiral galaxy located about 12 million light years from Earth. Although FRB 20240209A occurred in an elliptical galaxy, the two events share several other similarities.

"A few years ago, the M81 FRB was surprisingly discovered within a dense cluster of stars called a globular cluster," Fong said. "That event single-handedly halted the conventional train of thought and made us explore other progenitor scenarios for FRBs. Since then, no FRB had been seen like it, leading us to believe it was a one-off discovery -- until now.

"In fact, this CHIME FRB could be a twin of the M81 event. It is far from its home galaxy (far away from where any stars are being born), and the population of stars in its home galaxy is extremely old. It's had its hey-day and is now coasting into retirement. At the same time, this type of old environment is making us rethink our standard FRB progenitor models and turning to more exotic formation channels, which is exciting."

Out of the nearly 100 FRBs that have been pinpointed to a galaxy so far, most have likely originated from magnetars, which are formed through core-collapse supernovae. Astrophysicists posit FRB 20240209A's origin, however, might be similar to the FRB found in M81.

Possible explanations

The McGill-led study discusses the likelihood that the new FRB originated within a dense globular cluster. Such clusters are promising sites for magnetars possibly formed through other mechanisms and associated with older stars, including through the merger of two neutron stars or from a white dwarf collapsing under its own gravity.

"A globular cluster origin for this repeating FRB is the most likely scenario to explain why this FRB is located outside its host galaxy," Shah said. "We do not know for a fact if there is a globular cluster present at the FRB position and have submitted a proposal to use the James Webb Space Telescope for follow-up observations of the FRB location. If yes, it would make this FRB only the second FRB known to reside in a globular cluster. If not, we would have to consider alternative exotic scenarios for the FRB's origin."

"It's clear that there's still a lot of exciting discovery space when it comes to FRBs," Eftekhari said, "and that their environments could hold the key to unlocking their secrets."

The studies, "A repeating fast radio burst source in the outskirts of a quiescent galaxy" and "The massive and quiescent elliptical host galaxy of the repeating fast radio burst FRB 20240209A," were supported by Gordon & Betty Moore Foundation, NASA, the Space Telescope Science Institute, the National Science Foundation, the David and Lucile Packard Foundation, the Alfred P. Sloan Foundation, the Research Corporation for Science Advancement, the Canadian Institute for Advanced Research, The Canadian Natural Sciences and Engineering Council of Canada, the Canada Foundation for Innovation and the Trottier Space Institute at McGill.
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We can make fertilizer more efficiently under the surface of the Earth | ScienceDaily
Instead of relying on energy-hungry reactors to generate high temperatures and pressure, researchers are looking underground at Earth's natural heat and forces to cook up ammonia for fertilizer. In a proof-of-concept study, published January 21 in the Cell Press journal Joule, researchers generated ammonia by mixing nitrogen-laced water with iron-rich rocks -- without any energy input or CO2 emission. This new recipe may lead to a more sustainable alternative to current methods, theoretically churning out enough ammonia for 2.42 million years.


						
The idea stems from an unusual geological phenomenon observed in the 1980s in Mali, West Africa. Locals discovered a well streaming with hydrogen gas, which scientists later traced to a water-rock chemical reaction beneath the Earth's surface.

"It was an 'aha' moment," says senior author Iwnetim Abate of the Massachusetts Institute of Technology (MIT). "We may be able to use Earth as a factory, harnessing its heat and pressure to produce valuable chemicals like ammonia in a cleaner manner."

Ammonia is as a key ingredient in fertilizers and could one day power the future as clean fuel, but today's industrial ammonia production is energy intensive. It consumes about 2% of global energy and releases around 2.4 tons (5,291 lb) of CO2 for every ton (2,204 lb) of ammonia produced, making it the chemical industry's top CO2 emitter.

To test their "Earth factory" idea, Abate and his team built a rock-water reaction system that mimics Earth's subsurface environment. They exposed synthetic iron-rich minerals to nitrogen-laced water, triggering a chemical reaction that oxidized the rock and yielded ammonia, which the team dubbed "geological ammonia." The process required no energy input, emitted no CO2, and even worked under ambient conditions.

The team then swapped the synthetic mineral with olivine, a natural iron-laden rock, to better mimic real-world scenarios. They further optimized the process by adding a copper catalyst and cranking the heat to 300degC (572degF). Within 21 hours, they produced about 1.8 kg (4 lb) of ammonia per ton (2,204.6 lb) of olivine, demonstrating the method's feasibility and sustainability.

"These rocks are all over the world, so the method could be adapted very widely across the globe," says Abate. But still, "there's a whole other level of complexity that we'll need to work through." Implementation will involve drilling into iron-rich rocks deep within Earth, injecting nitrogen-laced water, and grappling with the intricacies of how rocks crack, expand, and interact with gases and liquids.




The idea's economic outlook is encouraging. Producing geological ammonia costs about $0.55 per kilogram (2.2 lb), on par with conventional methods priced at $0.40-$0.80. The research may also open new ways to address wastewater pollution.

"Nitrogen sources are considered as pollution in wastewater, and removing them costs money and energy," says first author Yifan Gao of MIT. "But we may be able use the wastewater to produce ammonia. It's a win-win strategy." Integrating wastewater treatment with ammonia production could yield an additional profit of $3.82 per kilogram of ammonia.

"Ammonia is pretty important for life," says senior author Ju Li of MIT. Apart from microbes, the only other natural way to produce ammonia on Earth is through lightning striking nitrogen gas. "That's why the geological production of ammonia is quite interesting when you think about where life came from."

This work was supported by the National Science Foundation.
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The importance of eco-friendly sensors in global food supply | ScienceDaily
Greenhouses and open farms that welcome visitors to purchase locally grown produce and meat have become increasingly important to food productivity. Not only are farmers looking for ways to monitor conditions to help improve greenhouse crop growth and yield, but keeping harvested food fresh in storage conditions is also a major concern. Smart sensor technology, monitoring and controlling temperature and humidity, plays an essential role in producing enough food to meet the ever-increasing demand for the worldwide population.


						
In Journal of Laser Applications, by AIP Publishing, researchers at Auburn University in Alabama presented paper-based temperature and humidity sensors that are accurate and reliable, as well as eco-friendly.

Measuring temperature and humidity in a variety of crop-growing circumstances has prompted the development of numerous sensors, but ensuring these devices are effective while remaining environmentally friendly and cost-effective is a challenge.

"In recent years, agriculture has been hit heavily by drastic changes in environmental factors such as humidity and temperature, thereby driving the urgency for innovative solutions to enhance productivity and improve quality with minimal environmental impact," said author Masoud Mahjouri-Samani.

Flexible electronics and sensors are quickly and easily manufactured. The print technologies used in producing these sensors include methods such as aerosol-jet printing, inkjet printing, gravure printing, and screen printing. Due to the liquid nature of these techniques and their incompatibility with biodegradable base materials, most printing is done on nonbiodegradable plastics.

Paper is an excellent alternative to these traditional plastic materials. Its cellulose fibers provide a porous surface, and it is biodegradable and abundant.

The research team created temperature and humidity sensors by printing silver lines on four types of commercially available paper through a process called dry additive nanomanufacturing. Changes in the ability to store electrical energy, called capacitance, and resistivity in the printed electrodes are monitored to determine shifts in temperature and humidity. As the paper absorbs water vapor, its capacitance change is measured to reflect the relative humidity of the environment.

The temperature-sensing mechanism relies on changes in resistance. As the temperature increases, the metallic conductor experiences an increase in resistivity.

The sensors proved reliable and sensitive to changes in temperature and humidity levels. They successfully detected changes in relative humidity levels from 20% to 90% and temperature variations from 25C to 50C. Additionally, the biodegradable sensors are affordable and can be reused, and when the time comes, they can be disposed of safely.

"By integrating advanced techniques like dry additive nanomanufacturing with biodegradable substrates, this research combines functionality with environmental responsibility, addressing the growing concern of the disposal of electronic equipment," said Mahjouri-Samani. "This approach offers the potential to revolutionize smart agricultural practices by enabling precise monitoring of key factors in plant growth."
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NASA's Hubble traces hidden history of Andromeda galaxy | ScienceDaily
In the years following the launch of NASA's Hubble Space Telescope, astronomers have tallied over 1 trillion galaxies in the universe. But only one galaxy stands out as the most important nearby stellar island to our Milky Way -- the magnificent Andromeda galaxy (Messier 31). It can be seen with the naked eye on a very clear autumn night as a faint cigar-shaped object roughly the apparent angular diameter of our Moon.


						
A century ago, Edwin Hubble first established that this so-called "spiral nebula" was actually very far outside our own Milky Way galaxy -- at a distance of approximately 2.5 million light-years or roughly 25 Milky Way diameters. Prior to that, astronomers had long thought that the Milky way encompassed the entire universe. Overnight, Hubble's discovery turned cosmology upside down by unveiling an infinitely grander universe.

Now, a century later, the space telescope named for Hubble has accomplished the most comprehensive survey of this enticing empire of stars. The Hubble telescope is yielding new clues to the evolutionary history of Andromeda, and it looks markedly different from the Milky Way's history.

Without Andromeda as a proxy for spiral galaxies in the universe at large, astronomers would know much less about the structure and evolution of our own Milky Way. That's because we are embedded inside the Milky Way. This is like trying to understand the layout of New York City by standing in the middle of Central Park.

"With Hubble we can get into enormous detail about what's happening on a holistic scale across the entire disk of the galaxy. You can't do that with any other large galaxy," said principal investigator Ben Williams of the University of Washington. Hubble's sharp imaging capabilities can resolve more than 200 million stars in the Andromeda galaxy, detecting only stars brighter than our Sun. They look like grains of sand across the beach. But that's just the tip of the iceberg. Andromeda's total population is estimated to be 1 trillion stars, with many less massive stars falling below Hubble's sensitivity limit.

Photographing Andromeda was a herculean task because the galaxy is a much bigger target on the sky than the galaxies Hubble routinely observes, which are often billions of light-years away. The full mosaic was carried out under two Hubble programs. In total, it required over 1,000 Hubble orbits, spanning more than a decade.

This panorama started with the Panchromatic Hubble Andromeda Treasury (PHAT) program about a decade ago. Images were obtained at near-ultraviolet, visible, and near-infrared wavelengths using the Advanced Camera for Surveys and the Wide Field Camera 3 aboard Hubble to photograph the northern half of Andromeda.




This program was followed up by the Panchromatic Hubble Andromeda Southern Treasury (PHAST), recently published in The Astrophysical Journal and led by Zhuo Chen at the University of Washington, which added images of approximately 100 million stars in the southern half of Andromeda. This region is structurally unique and more sensitive to the galaxy's merger history than the northern disk mapped by the PHAT survey.

The combined programs collectively cover the entire disk of Andromeda, which is seen almost edge-on -- tilted by 77 degrees relative to Earth's view. The galaxy is so large that the mosaic is assembled from approximately 600 separate fields of view. The mosaic image is made up of at least 2.5 billion pixels.

The complementary Hubble survey programs provide information about the age, heavy-element abundance, and stellar masses inside Andromeda. This will allow astronomers to distinguish between competing scenarios where Andromeda merged with one or more galaxies. Hubble's detailed measurements constrain models of Andromeda's merger history and disk evolution.

A Galactic 'Train Wreck'

Though the Milky Way and Andromeda formed presumably around the same time many billions of years ago, observational evidence shows that they have very different evolutionary histories, despite growing up in the same cosmological neighborhood. Andromeda seems to be more highly populated with younger stars and unusual features like coherent streams of stars, say researchers. This implies it has a more active recent star-formation and interaction history than the Milky Way.

"Andromeda's a train wreck. It looks like it has been through some kind of event that caused it to form a lot of stars and then just shut down," said Daniel Weisz at the University of California, Berkeley. "This was probably due to a collision with another galaxy in the neighborhood."

A possible culprit is the compact satellite galaxy Messier 32, which resembles the stripped-down core of a once-spiral galaxy that may have interacted with Andromeda in the past. Computer simulations suggest that when a close encounter with another galaxy uses up all the available interstellar gas, star formation subsides.




"Andromeda looks like a transitional type of galaxy that's between a star-forming spiral and a sort of elliptical galaxy dominated by aging red stars," said Weisz. "We can tell it's got this big central bulge of older stars and a star-forming disk that's not as active as you might expect given the galaxy's mass."

"This detailed look at the resolved stars will help us to piece together the galaxy's past merger and interaction history," added Williams.

Hubble's new findings will support future observations by NASA's James Webb Space Telescope and the upcoming Nancy Grace Roman Space Telescope. Essentially a wide-angle version of Hubble (with the same sized mirror), Roman will capture the equivalent of at least 100 high-resolution Hubble images in a single exposure. These observations will complement and extend Hubble's huge dataset.
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Technology for oxidizing atmospheric methane won't help the climate | ScienceDaily
As the atmosphere continues to fill with greenhouse gases from human activities, many proposals have surfaced to "geoengineer" climate-saving solutions, that is, alter the atmosphere at a global scale to either reduce the concentrations of carbon or mute its warming effect.


						
One recent proposal seeks to infuse the atmosphere with hydrogen peroxide, insisting that it would both oxidize methane (CH4), an extremely potent greenhouse gas while improving air quality.

Too good to be true?

University of Utah atmospheric scientists Alfred Mayhew and Jessica Haskins were skeptical, so they set out to test the claims behind this proposal. Their results, published on Jan. 3, confirm their doubts and offer a reality check to agencies considering such proposals as a way to stave off climate change.

"Our work showed that the efficiency of the proposed technology was quite low, meaning widespread adoption of the technology would be required to make any meaningful impact on atmospheric CH4," said Mayhew, a postdoctoral researcher with the university's Wilkes Center for Climate Science & Policy. "Then, our results indicate that if this technology is adopted at scale, then we start to see some negative air-quality side effects, particularly for wintertime particulate matter air pollution."

To conduct the study, the Utah scientists modeled what would happen if you deployed the technology patented by a Canadian company, which is proposing to spray aerosolized hydrogen peroxide, or H2O2, into the atmosphere during daylight hours from 600-meter towers. These towers would approach the height of the world's tallest radio towers.

"When that hydrogen peroxide is in the presence of sunlight, it's going to make a really powerful oxidant, the hydroxyl radical OH," said Haskins, an assistant professor of atmospheric sciences. "That's a natural scrubber in the atmosphere, and it's going to help speed up the conversion of methane to CO2."

Methane is a single-bonded molecule combination of carbon and hydrogen, as opposed to the double-bonded compounds that are far more common in the atmosphere. Hydroxyls are more likely to oxidize those double-bonded molecules, such as the isoprene coming off trees or volatile organic compounds, so OH is just not that efficient for breaking down methane, according to Haskins.




"OH doesn't react fast with methane," Haskins said. "It's reacting with so many other things."

Methane's outsized impact on the climate

While carbon dioxide from fossil fuels gets much of the blame for climate change, methane is also a big contributor. Eventually, methane breaks down into carbon dioxide and water.

The primary ingredient in the natural gas burned in home appliances and power plants, methane, or CH4, packs 76 times more climate-warming punch than carbon dioxide over a 20-year timeframe. Methane persists in the atmosphere for only 12 years, but the gas is blamed for nearly a third of the rise in global temperatures since the Industrial Revolution, according to the International Energy Agency.

Anthropogenic sources, primarily oil, gas and coal operations and landfills, account for 60% of global methane emissions.

Artificially speeding up methane oxidation could slow climate change, but such geoengineering projects could carry adverse environmental impacts, which Haskins's lab seeks to characterize. A recent report from the National Academy of Sciences concluded the unintended consequences of atmospheric methane removal technologies are likely significant but poorly understood. Haskins' study is heeding the report's call to scrutinize these technologies, such as the one that would release vast amounts of hydrogen peroxide.




"We could buy ourselves about 50 years and avoid some of the immediate impacts of climate change if we did this, but no one had actually previously done any side-effects studies to see what was going to happen," Haskins said. "This is very first paper to assess any air quality side effects of such geoengineering solutions."

Geoengineering's potential side effects

Manipulating a system as complex as Earth's atmosphere is an inherently dangerous action, potentially resulting in unforeseen problems.

"There's so many feedbacks that can go on in the climate. Atmospheric chemistry is just one example. You change one thing and you think it's going to do this, but it actually may do the opposite in one place versus the other," Haskins said. "You have to be really careful and do these sorts of assessments. Is this a responsible thing to do? What's the impact going to be?"

By way of example, Haskins raised the troubling history of humanmade gasses called chlorofluorocarbons, or CFCs, which ate into the protective layer of ozone that shields Earth from harmful ultraviolet radiation.

"We started using CFCs in industry as propellants and refrigerants, and suddenly we cause the ozone hole," she said. "And we've been dealing with the consequences of that for 40 years. And we still won't have a fully resolved no-ozone-hole year until probably 2060, so we have to be careful of what we're doing."

Mayhew and Haskins used a global chemical-transport model, called GEOS-Chem, to simulate the proposal to release hydrogen peroxide from towers. The goal was to estimate how much methane would be oxidized under three different emission scenarios, from light to extreme.

Their simulation envisioned the use of 50 towers spread around North America. Replicating the company's proposal, the medium-release scenario called for each tower to spray 612 grams, or 1.35 pounds, per second for 10 hours a day for a year.

"This proposed solution just won't remove any meaningful amount of methane from the atmosphere. It's not going to solve global warming. At most, we found 50 towers could reduce 0.01% of annual anthropogenic methane emissions," Haskins said. "You'd need about 352,000 of them to remove 50% of anthropogenic methane. It's an insane number. And if you did 50 high-emission towers, you'd still need about 43,000."

In the meantime, places with poor wintertime air quality could see particulate pollution get much worse.

"There's potential that future research could show that the air quality impacts of placing these towers close to methane point sources is minimal if they're activated at certain times of the year, and far from large population centers," Mayhew said. "If that's the case, then this technology (or similar approaches) could play a very small role in combating warming, but it's clear from our work that the air-quality side effects should be placed as a central consideration for any proposed real-world implementation of technology like this."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250117171311.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The universe is expanding too fast to fit theories: Hubble tension in crisis | ScienceDaily
The Universe really seems to be expanding fast. Too fast, even.


						
A new measurement confirms what previous -- and highly debated -- results had shown: The Universe is expanding faster than predicted by theoretical models, and faster than can be explained by our current understanding of physics.

This discrepancy between model and data became known as the Hubble tension. Now, results published in the Astrophysical Journal Letters provide even stronger support to the faster rate of expansion.

"The tension now turns into a crisis," said Dan Scolnic, who led the research team.

Determining the expansion rate of the Universe -- known as the Hubble constant -- has been a major scientific pursuit ever since 1929, when Edwin Hubble first discovered that the Universe was expanding.

Scolnic, an associate professor of physics at Duke University, explains it as trying to build the Universe's growth chart: we know what size it had at the Big Bang, but how did it get to the size it is now? In his analogy, the Universe's baby picture represents the distant Universe, the primordial seeds of galaxies. The Universe's current headshot represents the local Universe, which contains the Milky Way and its neighbors. The standard model of cosmology is the growth curve connecting the two. The problem is: things don't connect.

"This is saying, to some respect, that our model of cosmology might be broken," said Scolnic.




Measuring the Universe requires a cosmic ladder, which is a succession of methods used to measure the distances to celestial objects, with each method, or "rung," relying on the previous for calibration.

The ladder used by Scolnic was created by a separate team using data from the Dark Energy Spectroscopic Instrument (DESI), which is observing more than 100,000 galaxies every night from its vantage point at the Kitt Peak National Observatory.

Scolnic recognized that this ladder could be anchored closer to Earth with a more precise distance to the Coma Cluster, one of the galaxy clusters nearest to us.

"The DESI collaboration did the really hard part, their ladder was missing the first rung," said Scolnic. "I knew how to get it, and I knew that that would give us one of the most precise measurements of the Hubble constant we could get, so when their paper came out, I dropped absolutely everything and worked on this non-stop."

To get a precise distance to the Coma cluster, Scolnic and his collaborators, with funding from the Templeton foundation, used the light curves from 12 Type Ia supernovae within the cluster. Just like candles lighting a dark path, Type Ia supernovae have a predictable luminosity that correlates to their distance, making them reliable objects for distance calculations.

The team arrived at a distance of about 320 million light-years, nearly in the center of the range of distances reported across 40 years of previous studies -- a reassuring sign of its accuracy.




"This measurement isn't biased by how we think the Hubble tension story will end," said Scolnic. "This cluster is in our backyard, it has been measured long before anyone knew how important it was going to be."

Using this high-precision measurement as a first rung, the team calibrated the rest of the cosmic distance ladder. They arrived at a value for the Hubble constant of 76.5 kilometers per second per megaparsec, which essentially means that the local Universe is expanding 76.5 kilometers per second faster every 3.26 million light-years.

This value matches existing measurements of the expansion rate of the local Universe. However, like all of those measurements, it conflicts with measurements of the Hubble constant using predictions from the distant Universe. In other words: it matches the Universe's expansion rate as other teams have recently measured it, but not as our current understanding of physics predicts it. The longstanding question is: is the flaw in the measurements or in the models?

Scolnic's team's new results adds tremendous support to the emerging picture that the root of the Hubble tension lies in the models.

"Over the last decade or so, there's been a lot of re-analysis from the community to see if my team's original results were correct," said Scolnic, whose research has consistently challenged the Hubble constant predicted using the standard model of physics. "Ultimately, even though we're swapping out so many of the pieces, we all still get a very similar number. So, for me, this is as good of a confirmation as it's ever gotten."

"We're at a point where we're pressing really hard against the models we've been using for two and a half decades, and we're seeing that things aren't matching up," said Scolnic. "This may be reshaping how we think about the Universe, and it's exciting! There are still surprises left in cosmology, and who knows what discoveries will come next?"

This work was conducted with funding from the Templeton Foundation, the Department of Energy, the David and Lucile Packard Foundation, the Sloan Foundation, the National Science Foundation and NASA.
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Polymer editing can upcycle waste into higher-performance plastics | ScienceDaily
By editing the polymers of discarded plastics, chemists at the Department of Energy's Oak Ridge National Laboratory have found a way to generate new macromolecules with more valuable properties than those of the starting material. Upcycling may help remedy the roughly 450 million tons of plastic discarded worldwide annually, of which only 9% gets recycled; the rest is incinerated or winds up in landfills, oceans or elsewhere.


						
ORNL's invention may change plastic's environmental fate by rearranging polymeric building blocks to customize the properties of plastics. Molecular subunits link to produce polymer chains that can connect through their backbones and cross-linked molecules to form multipurpose plastics. The makeup of polymer chains determines how strong, rigid or heat-resistant those plastics will be.

Molecular editing is so promising that it has been the basis of two Nobel Prizes in Chemistry. In 2005, the prize went to developers of the metathesis reaction, which breaks and makes double bonds between carbon atoms in rings and chains so their subunits can swap to create new molecules limited only by imagination. Similarly, in 2020, the prize went to developers of CRISPR, "genetic scissors" for editing DNA strands, biopolymers made of nucleotide subunits that carry the code of life.

"This is CRISPR for editing polymers," said ORNL's Jeffrey Foster, who led a study that was published in Journal of the American Chemical Society. "However, instead of editing strands of genes, we are editing polymer chains. This isn't the typical plastic recycling 'melt and hope for the best' scenario."

The ORNL researchers precisely edited commodity polymers that significantly contribute to plastic waste. In some experiments, the researchers worked with soft polybutadiene, which is common in rubber tires. In other experiments, they worked with tough acrylonitrile butadiene styrene, the stuff of plastic toys, computer keyboards, ventilation pipes, protective headgear, vehicle trim and molding, and kitchen appliances.

"This is a waste stream that's really not recycled at all," Foster said. "We're addressing a significant component of the waste stream with this technology. That'd make a pretty big impact just from conservation of mass and energy from materials that are now going into landfills."

Dissolving the waste polymers is the first step in creating drop-in additives for polymer synthesis. The researchers shredded synthetic or commercial polybutadiene and acrylonitrile butadiene styrene and immersed the material in a solvent, dichloromethane, to conduct a chemical reaction at a low temperature (40 degrees Celsius) for less than two hours.




A ruthenium catalyst facilitated the polymerization, or polymer addition. Industrial firms have used this catalyst to make robust plastics and to convert biomass such as plant oils into fuels and other high-value organic compounds with no difficulty, highlighting the potential for its use in chemical upcycling.

The molecular building blocks of the polymer backbone contain functional groups, or clusters of atoms that serve as reactive sites for modification. Notably, the double bonds between carbons increase the chances for chemical reactions that enable polymerization. A carbon ring opens at a double bond to create a polymer chain that grows as each functional polymer unit directly slips in, conserving the material. The plastic additive also helps control the molecular weight of the synthesized material and, in turn, its properties and performance.

If this material synthesis strategy could be expanded to a broader range of industrially important polymers, then it could prove an economically viable path for reusing manufacturing materials that today can only be used in a single product. The upcycled materials might be, for instance, softer and stretchier than the original polymers or, perhaps, easier to shape and harden into durable thermoset products.

The scientists upcycled plastic waste by employing two processes in tandem. Both are types of metathesis, which means a change of places. Double bonds break and form between carbon atoms, allowing polymer subunits to swap.

One process, called ring-opening metathesis polymerization, opens carbon rings and elongates them into chains. The other process, called cross metathesis, inserts chains of polymer subunits from one polymer chain into another.

Traditional recycling fails to capture the value in discarded plastics because it reuses polymers that become less valuable through degradation with each melt and reuse. By contrast, ORNL's innovative upcycling utilizes the existing building blocks to incorporate the mass and characteristics of the waste material and provide added functionality and value.




"The new process has high atom economy," Foster said. "That means that we can pretty much recover all the material that we put in."

The ORNL scientists demonstrated that the process, which uses less energy and produces fewer emissions than traditional recycling, efficiently integrates waste materials without compromising polymer quality. Foster, Ilja Popovs and Tomonori Saito conceptualized the paper's ideas. Nicholas Galan, Isaiah Dishner and Foster synthesized monomer subunits and optimized their polymerization. Joshua Damron performed nuclear magnetic resonance spectroscopy experiments to analyze reaction kinetics. Jackie Zheng, Chao Guan and Anisur Rahman characterized mechanical and thermal properties of final materials.

"The vision is that this concept could be extended to any polymer that has some sort of backbone functional group to react with," Foster said. If scaled up and expanded to employ other additives, broader classes of waste could be mined for molecular building blocks, dramatically reducing the environmental impact of other difficult-to-process plastics. The circular economy -- in which waste materials are repurposed rather than discarded -- then becomes a more realistic goal.

Next, the researchers are interested in changing the types of subunits in the polymer chain and rearranging them to see whether they can create high-performance thermoset materials. Examples are epoxy resins, vulcanized rubber, polyurethane and silicone. Once cured, thermoset materials cannot be remelted or reshaped because their molecular structure is cross-linked. That makes their recycling a challenge.

The researchers are also interested in optimizing solvents for environmental sustainability during industrial processing.

"Some preprocessing is going to be required on these waste plastics that we still have to figure out," Foster said.

The DOE Office of Science (Materials Science and Engineering program)[DL1] and ORNL Laboratory Directed Research and Development program funded the research.
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Insect-eye-inspired camera capturing 9,120 frames per second | ScienceDaily
The compound eyes of insects can detect fast-moving objects in parallel and, in low-light conditions, enhance sensitivity by integrating signals over time to determine motion. Inspired by these biological mechanisms, KAIST researchers have successfully developed a low-cost, high-speed camera that overcomes the limitations of frame rate and sensitivity faced by conventional high-speed cameras.


						
KAIST (represented by President Kwang Hyung Lee) announced on the 16th of January that a research team led by Professors Ki-Hun Jeong (Department of Bio and Brain Engineering) and Min H. Kim (School of Computing) has developed a novel bio-inspired camera capable of ultra-high-speed imaging with high sensitivity by mimicking the visual structure of insect eyes.

High-quality imaging under high-speed and low-light conditions is a critical challenge in many applications. While conventional high-speed cameras excel in capturing fast motion, their sensitivity decreases as frame rates increase because the time available to collect light is reduced.

To address this issue, the research team adopted an approach similar to insect vision, utilizing multiple optical channels and temporal summation. Unlike traditional monocular camera systems, the bio-inspired camera employs a compound-eye-like structure that allows for the parallel acquisition of frames from different time intervals.

During this process, light is accumulated over overlapping time periods for each frame, increasing the signal-to-noise ratio. The researchers demonstrated that their bio-inspired camera could capture objects up to 40 times dimmer than those detectable by conventional high-speed cameras.

The team also introduced a "channel-splitting" technique to significantly enhance the camera's speed, achieving frame rates thousands of times faster than those supported by the image sensors used in packaging. Additionally, a "compressed image restoration" algorithm was employed to eliminate blur caused by frame integration and reconstruct sharp images.

The resulting bio-inspired camera is less than one millimeter thick and extremely compact, capable of capturing 9,120 frames per second while providing clear images in low-light conditions.




The research team plans to extend this technology to develop advanced image processing algorithms for 3D imaging and super-resolution imaging, aiming for applications in biomedical imaging, mobile devices, and various other camera technologies.

Hyun-Kyung Kim, a doctoral student in the Department of Bio and Brain Engineering at KAIST and the study's first author, stated, "We have experimentally validated that the insect-eye-inspired camera delivers outstanding performance in high-speed and low-light imaging despite its small size. This camera opens up possibilities for diverse applications in portable camera systems, security surveillance, and medical imaging."

This research was published in the international journal Science Advances in January 2025.

This study was supported by the Korea Research Institute for Defense Technology Planning and Advancement (KRIT) of the Defense Acquisition Program Administration (DAPA), the Ministry of Science and ICT, and the Ministry of Trade, Industry and Energy (MOTIE).
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Astrophysicists reveal structure of 74 exocomet belts orbiting nearby stars in landmark survey | ScienceDaily
Astrophysicists led by a team from Trinity College Dublin have -- for the first time -- imaged a large number of exocomet belts around nearby stars, and the tiny pebbles within them. The crystal-clear images show light being emitted from these millimetre-sized pebbles within the belts that orbit 74 nearby stars of a wide variety of ages -- from those that are just emerging from birth to those in more mature systems like our own Solar System.


						
The REASONS (REsolved ALMA and SMA Observations of Nearby Stars) study marks such a significant milestone in the study of exocometary belts because its images and analyses reveal where the pebbles, and hence the exocomets, are located. They are typically tens to hundreds of au (the distance from Earth to the Sun) from their central star.

In these regions, it is so cold (-250 to -150 degrees Celsius) that most compounds including water are frozen as ice on these exocomets. What the astrophysicists are therefore observing is where the ice reservoirs of planetary systems are located. REASONS is the first program to unveil the structure of these belts for a large sample of 74 exoplanetary systems.

The Atacama Large Millimeter/submillimeter Array (ALMA) is an array of 66 radio telescopes in the Atacama Desert of northern Chile, while the Submillimeter Array (SMA) is a similar eight-element array in Hawaii. Both observe electromagnetic radiation at millimetre and submillimetre wavelengths. This study used both to produce the images that have provided more information on populations of exocomets than ever before.

"Exocomets are boulders of rock and ice, at least 1 km in size, which smash together within these belts to produce the pebbles that we observe here with the ALMA and SMA arrays of telescopes. Exocometary belts are found in at least 20% of planetary systems, including our own Solar System," said Luca Matra, Associate Professor in Trinity's School of Physics, and senior author of the research article that has just been published in thel journal Astronomy and Astrophysics.

Dr Sebastian Marino, Royal Society University Research Fellow at the University of Exeter, and coauthor in this study, added: "The images reveal a remarkable diversity in the structure of belts. Some are narrow rings, as in the canonical picture of a 'belt' like our Solar System's Edgeworth-Kuiper belt. But a larger number of them are wide, and probably better described as 'disks' rather than rings."

Some systems have multiple rings/disks, some of which are eccentric, which provides evidence that yet undetectable planets are present and their gravity affects the distribution of pebbles in these systems.




"The power of a large study like REASONS is in revealing population-wide properties and trends," explained Prof. Matra.

"For example, it confirmed that the number of pebbles decreases for older planetary systems as belts run out of larger exocomets smashing together, but showed for the first time that this decrease in pebbles is faster if the belt is closer to the central star. It also indirectly showed -- through the belts' vertical thickness -- that unobservable objects as large as 140 km to Moon-size are likely present in these belts.

Dr David Wilner, Senior Astrophysicist at the Center for Astrophysics | Harvard & Smithsonian, underlined:"Arrays like the ALMA and SMA used in this work are extraordinary tools that are continuing to give us incredible new insights into the universe and its workings. The REASONS survey required a large community effort and has an incredible legacy value, with multiple potential pathways for future investigation.

"For example, the REASONS dataset of belt and planetary system properties will enable studies of the birth and evolution of these belts, as well as follow-up observations across the wavelength range, from JWST to the next generation of Extremely Large Telescopes and ALMA's upcoming ARKS Large Program to zoom even further onto the details of these belts."
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AI transforms label-free photoacoustic microscopy into confocal microscopy | ScienceDaily
A research team at POSTECH, led by Professors Chulhong Kim (Department of Electrical Engineering, Department of Convergence IT Engineering, Department of Mechanical Engineering, Department of Medical Science and Engineering, Graduate School of Artificial Intelligence) and Jinah Jang (Department of Mechanical Engineering, Department of Convergence IT Engineering, Department of Medical Science and Engineering), alongside doctoral candidate Eunwoo Park, Dr. Sampa Misra (Department of Convergence IT Engineering), and Dr. Dong Gyu Hwang (Center for 3D Organ Printing and Stem Cells), has developed a technology that surpasses the constraints of traditional imaging methods, providing stable and highly accurate cell visualization. Their findings were published in Nature Communications.


						
In life sciences, confocal fluorescence microscopy (CFM) is widely regarded for producing high-resolution cellular images. However, it requires fluorescent staining, which poses risks of photobleaching and phototoxicity, potentially damaging the cells under study. Conversely, mid-infrared photoacoustic microscopy (MIR-PAM) allows for label-free imaging, preserving cell integrity. Yet, its reliance on longer wavelengths limits spatial resolution, making it difficult to visualize fine cellular structures with precision.

To bridge these gaps, the POSTECH team developed an innovative imaging method powered by explainable deep learning (XDL). This approach transforms low-resolution, label-free MIR-PAM images into high-resolution, virtually stained images resembling those generated by CFM. Unlike conventional AI models, XDL offers enhanced transparency by visualizing the transformation process, ensuring both reliability and accuracy.

The team implemented a single-wavelength MIR-PAM system and designed a two-phase imaging process: (1) The Resolution Enhancement phase converts low-resolution MIR-PAM images into high-resolution ones, clearly distinguishing intricate cellular structures such as nuclei and filamentous actin, and (2) the Virtual Staining phase produces virtually stained images without fluorescent dyes, eliminating the risks associated with staining while maintaining CFM-quality imaging. This innovative technology delivers high-resolution, virtually stained cellular imaging without compromising cell health, offering a powerful new tool for live-cell analysis and advanced biological research.

Professor Chulhong Kim remarked: "We have developed a cross-domain image transformation technology that bridges the physical limitations of different imaging modalities, offering complementary benefits. The XDL approach has significantly enhanced the stability and reliability of unsupervised learning." Professor Jinah Jang added, "This research unlocks new possibilities for multiplexed, high-resolution cellular imaging without labeling. It holds immense potential for applications in live-cell analysis and disease model studies."

This research was made possible through support from the Ministry of Education, the Ministry of Science and ICT, the Korea Medical Device Development Fund, the Korean Fund for Regenerative Medicine, the Korea Institute for Advancement of Technology (KIAT), the Artificial Intelligence Graduate School Program (POSTECH), BK21 FOUR, and the Glocal University 30 Project.
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Fine-tuned brain-computer interface makes prosthetic limbs feel more real | ScienceDaily
You can probably complete an amazing number of tasks with your hands without looking at them. But if you put on gloves that muffle your sense of touch, many of those simple tasks become frustrating. Take away proprioception -- your ability to sense your body's relative position and movement -- and you might even end up breaking an object or injuring yourself.


						
"Most people don't realize how often they rely on touch instead of vision -- typing, walking, picking up a flimsy cup of water," said Charles Greenspon, PhD, a neuroscientist at the University of Chicago. "If you can't feel, you have to constantly watch your hand while doing anything, and you still risk spilling, crushing or dropping objects."

Greenspon and his research collaborators recently published papers in Nature Biomedical Engineering and Science documenting major progress on a technology designed to address precisely this problem: direct, carefully timed electrical stimulation of the brain that can recreate tactile feedback to give nuanced "feeling" to prosthetic hands.

The science of restoring sensation

These new studies build on years of collaboration among scientists and engineers at UChicago, the University of Pittsburgh, Northwestern University, Case Western Reserve University and Blackrock Neurotech. Together they are designing, building, implementing and refining brain-computer interfaces (BCIs) and robotic prosthetic arms aimed at restoring both motor control and sensation in people who have lost significant limb function.

On the UChicago side, the research was led by neuroscientist Sliman Bensmaia, PhD, until his unexpected passing in 2023.

The researchers' approach to prosthetic sensation involves placing tiny electrode arrays in the parts of the brain responsible for moving and feeling the hand. On one side, a participant can move a robotic arm by simply thinking about movement, and on the other side, sensors on that robotic limb can trigger pulses of electrical activity called intracortical microstimulation (ICMS) in the part of the brain dedicated to touch.




For about a decade, Greenspon explained, this stimulation of the touch center could only provide a simple sense of contact in different places on the hand.

"We could evoke the feeling that you were touching something, but it was mostly just an on/off signal, and often it was pretty weak and difficult to tell where on the hand contact occurred," he said.

The newly published results mark important milestones in moving past these limitations.

Advancing understanding of artificial touch

In the first study, published in Nature Biomedical Engineering, Greenspon and his colleagues focused on ensuring that electrically evoked touch sensations are stable, accurately localized and strong enough to be useful for everyday tasks.

By delivering short pulses to individual electrodes in participants' touch centers and having them report where and how strongly they felt each sensation, the researchers created detailed "maps" of brain areas that corresponded to specific parts of the hand. The testing revealed that when two closely spaced electrodes are stimulated together, participants feel a stronger, clearer touch, which can improve their ability to locate and gauge pressure on the correct part of the hand.




The researchers also conducted exhaustive tests to confirm that the same electrode consistently creates a sensation corresponding to a specific location.

"If I stimulate an electrode on day one and a participant feels it on their thumb, we can test that same electrode on day 100, day 1,000, even many years later, and they still feel it in roughly the same spot," said Greenspon, who was the lead author on this paper.

From a practical standpoint, any clinical device would need to be stable enough for a patient to rely on it in everyday life. An electrode that continually shifts its "touch location" or produces inconsistent sensations would be frustrating and require frequent recalibration. By contrast, the long-term consistency this study revealed could allow prosthetic users to develop confidence in their motor control and sense of touch, much as they would in their natural limbs.

Adding feelings of movement and shapes

The complementary Science paper went a step further to make artificial touch even more immersive and intuitive. The project was led by first author Giacomo Valle, PhD, a former postdoctoral fellow at UChicago who is now continuing his bionics research at Chalmers University of Technology in Sweden.

"Two electrodes next to each other in the brain don't create sensations that 'tile' the hand in neat little patches with one-to-one correspondence; instead, the sensory locations overlap," explained Greenspon, who shared senior authorship of this paper with Bensmaia.

The researchers decided to test whether they could use this overlapping nature to create sensations that could let users feel the boundaries of an object or the motion of something sliding along their skin. After identifying pairs or clusters of electrodes whose "touch zones" overlapped, the scientists activated them in carefully orchestrated patterns to generate sensations that progressed across the sensory map.

Participants described feeling a gentle gliding touch passing smoothly over their fingers, despite the stimulus being delivered in small, discrete steps. The scientists attribute this result to the brain's remarkable ability to stitch together sensory inputs and interpret them as coherent, moving experiences by "filling in" gaps in perception.

The approach of sequentially activating electrodes also significantly improved participants' ability to distinguish complex tactile shapes and respond to changes in the objects they touched. They could sometimes identify letters of the alphabet electrically "traced" on their fingertips, and they could use a bionic arm to steady a steering wheel when it began to slip through the hand.

These advancements help move bionic feedback closer to the precise, complex, adaptive abilities of natural touch, paving the way for prosthetics that enable confident handling of everyday objects and responses to shifting stimuli.

The future of neuroprosthetics

The researchers hope that as electrode designs and surgical methods continue to improve, the coverage across the hand will become even finer, enabling more lifelike feedback.

"We hope to integrate the results of these two studies into our robotics systems, where we have already shown that even simple stimulation strategies can improve people's abilities to control robotic arms with their brains," said co-author Robert Gaunt, PhD, associate professor of physical medicine and rehabilitation and lead of the stimulation work at the University of Pittsburgh.

Greenspon emphasized that the motivation behind this work is to enhance independence and quality of life for people living with limb loss or paralysis.

"We all care about the people in our lives who get injured and lose the use of a limb -- this research is for them," he said. "This is how we restore touch to people. It's the forefront of restorative neurotechnology, and we're working to expand the approach to other regions of the brain."

The approach also holds promise for people with other types of sensory loss. In fact, the group has also collaborated with surgeons and obstetricians at UChicago on the Bionic Breast Project, which aims to produce an implantable device that can restore the sense of touch after mastectomy.

Although many challenges remain, these latest studies offer evidence that the path to restoring touch is becoming clearer. With each new set of findings, researchers come closer to a future in which a prosthetic body part is not just a functional tool, but a way to experience the world.
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New chainmail-like material could be the future of armor | ScienceDaily
In a remarkable feat of chemistry, a Northwestern University-led research team has developed the first two-dimensional (2D) mechanically interlocked material.


						
Resembling the interlocking links in chainmail, the nanoscale material exhibits exceptional flexibility and strength. With further work, it holds promise for use in high-performance, light-weight body armor and other uses that demand lightweight, flexible and tough materials.

Publishing on Friday (Jan. 17) in the journal Science, the study marks several firsts for the field. Not only is it the first 2D mechanically interlocked polymer, but the novel material also contains 100 trillion mechanical bonds per 1 square centimeter -- the highest density of mechanical bonds ever achieved. The researchers produced this material using a new, highly efficient and scalable polymerization process.

"We made a completely new polymer structure," said Northwestern's William Dichtel, the study's corresponding author. "It's similar to chainmail in that it cannot easily rip because each of the mechanical bonds has a bit of freedom to slide around. If you pull it, it can dissipate the applied force in multiple directions. And if you want to rip it apart, you would have to break it in many, many different places. We are continuing to explore its properties and will probably be studying it for years."

Dichtel is the Robert L. Letsinger Professor of Chemistry at the Weinberg College of Arts and Sciences and a member of the International Institute of Nanotechnology (IIN) and the Paula M. Trienens Institute for Sustainability and Energy. Madison Bardot, a Ph.D. candidate in Dichtel's laboratory and IIN Ryan Fellow, is the study's first author.

Inventing a new process

For years, researchers have attempted to develop mechanically interlocked molecules with polymers but found it near impossible to coax polymers to form mechanical bonds.




To overcome this challenge, Dichtel's team took a whole new approach. They started with X-shaped monomers -- which are the building blocks of polymers -- and arranged them into a specific, highly ordered crystalline structure. Then, they reacted these crystals with another molecule to create bonds between the molecules within the crystal.

"I give a lot of credit to Madison because she came up with this concept for forming the mechanically interlocked polymer," Dichtel said. "It was a high-risk, high-reward idea where we had to question our assumptions about what types of reactions are possible in molecular crystals."

The resulting crystals comprise layers and layers of 2D interlocked polymer sheets. Within the polymer sheets, the ends of the X-shaped monomers are bonded to the ends of other X-shaped monomers. Then, more monomers are threaded through the gaps in between. Despite its rigid structure, the polymer is surprisingly flexible. Dichtel's team also found that dissolving the polymer in solution caused the layers of interlocked monomers to peel off each other.

"After the polymer is formed, there's not a whole lot holding the structure together," Dichtel said. "So, when we put it in solvent, the crystal dissolves, but each 2D layer holds together. We can manipulate those individual sheets."

To examine the structure at the nanoscale, collaborators at Cornell University, led by Professor David Muller, used cutting-edge electron microscopy techniques. The images revealed the polymer's high degree of crystallinity, confirmed its interlocked structure and indicated its high flexibility.

Dichtel's team also found the new material can be produced in large quantities. Previous polymers containing mechanical bonds typically have been prepared in very small quantities using methods that are unlikely to be scalable. Dichtel's team, on the other hand, made half a kilogram of their new material and assume even larger amounts are possible as their most promising applications emerge.




Adding strength to tough polymers

Inspired by the material's inherent strength, Dichtel's collaborators at Duke University, led by Professor Matthew Becker, added it to Ultem. In the same family as Kevlar, Ultem is an incredibly strong material that can withstand extreme temperatures as well as acidic and caustic chemicals. The researchers developed a composite material of 97.5% Ultem fiber and just 2.5% of the 2D polymer. That small percentage dramatically increased Ultem's overall strength and toughness.

Dichtel envisions his group's new polymer might have a future as a specialty material for light-weight body armor and ballistic fabrics.

"We have a lot more analysis to do, but we can tell that it improves the strength of these composite materials," Dichtel said. "Almost every property we have measured has been exceptional in some way."

Steeped in Northwestern history

The authors dedicated the paper to the memory of former Northwestern chemist Sir Fraser Stoddart, who introduced the concept of mechanical bonds in the 1980s. Ultimately, he elaborated these bonds into molecular machines that switch, rotate, contract and expand in controllable ways. Stoddart, who passed away last month, received the 2016 Nobel Prize in Chemistry for this work.

"Molecules don't just thread themselves through each other on their own, so Fraser developed ingenious ways to template interlocked structures," said Dichtel, who was a postdoctoral researcher in Stoddart's lab at UCLA. "But even these methods have stopped short of being practical enough to use in big molecules like polymers. In our present work, the molecules are held firmly in place in a crystal, which templates the formation of a mechanical bond around each one.

"So, these mechanical bonds have deep tradition at Northwestern, and we are excited to explore their possibilities in ways that have not yet been possible."

The study, "Mechanically interlocked two-dimensional polymers," was primarily supported by the Defense Advanced Research Projects Agency (contract number HR00112320041) and Northwestern's IIN (Ryan Fellows Program).
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Quantum engineers 'squeeze' laser frequency combs to make more sensitive gas sensors | ScienceDaily
The trick to creating a better quantum sensor? Just give it a little squeeze.


						
For the first time ever, scientists have used a technique called "quantum squeezing" to improve the gas sensing performance of devices known as optical frequency comb lasers. These ultra-precise sensors are like fingerprint scanners for molecules of gas. Scientists have used them to spot methane leaks in the air above oil and gas operations and signs of COVID-19 infections in breath samples from humans.

Now, in a series of lab experiments, researchers have laid out a path for making those kinds of measurements even more sensitive and faster -- doubling the speed of frequency comb detectors. The work is a collaboration between Scott Diddams at CU Boulder Boulder and Jerome Genest at Universite Laval in Canada.

"Say you were in a situation where you needed to detect minute quantities of a dangerous gas leak in a factory setting," said Diddams, professor in the Department of Electrical, Computer and Energy Engineering. "Requiring only 10 minutes versus 20 minutes can make a big difference in keeping people safe."

He and his colleagues published their findings Jan. 16 in the journal Science. Daniel Herman, a postdoctoral researcher in ECEE, led the study.

While normal lasers emit light in just one color, frequency comb lasers send out pulses of thousands to millions of colors -- all at the same time. In the new study, the researchers used common optical fibers to precisely manipulate the pulses coming from those lasers. They were able to "squeeze" that light, making some of its properties more precise and others a little more random.

The research, in other words, represents a victory over some of the natural randomness and fluctuations that exist in the universe at very small scales.




"Beating quantum uncertainty is hard, and it doesn't come for free," Diddams said. "But this is a really important step for a powerful new type of quantum sensors."

Photon wrangling

The results represent the latest step in the evolution of frequency combs, a technology born at JILA, a joint research institute between CU Boulder and the National Institute of Standards and Technology (NIST). Diddams was part of a team led by JILA's Jan Hall that first pioneered frequency comb lasers in the late 1990s. Hall would go on to win a Nobel Prize in Physics for this work in 2005.

As these laser pulses travel through the atmosphere, for example, molecules in the way will absorb certain colors of light, but not others. Scientists can identify what's in the air based on what colors go missing from their laser light. Picture it a bit like a hair comb that's lost a few of its teeth -- hence, the name.

But those measurements also come with intrinsic uncertainties, Diddams said.

Light, he noted, is made up of tiny packets called photons. While lasers may look orderly from the outside, their individual photons are anything but.




"If you're detecting these photons, they don't arrive at a perfectly uniform rate like one per nanosecond," Diddams said. "Instead, they arrive at random times."

Which, in turn, creates what he calls "fuzziness" in the data coming back from a frequency comb sensor.

Enter quantum squeezing.

Giving the squeeze

In quantum physics, many properties are coupled so that measuring one precisely will make your measurements of the other less precise. A classic example is the speed and location of a small particle like an electron -- you can know where an electron is or how fast it's moving, but never both at the same time. Squeezing is a technique that maximizes one type of measurement at the expense of the other.

In a series of lab experiments, Diddams and his colleagues achieved that feat in a surprisingly simple way: They sent their pulses of frequency comb light through a normal optical fiber, not so different from what delivers internet to your home.

The structure of the fiber altered the light in just the right way so that photons from the lasers now arrived at a more regular interval. But that increase in orderliness came at a price. It became a little harder to measure the frequency of the light, or how the photons oscillated to produce specific colors.

That trade-off, however, allowed the researchers to detect molecules of gas with a lot fewer errors than before.

They tested the approach out in the lab using samples of hydrogen sulfide, a molecule that is common in volcanic eruptions and smells like rotten eggs. The team reported that it could detect those molecules around twice as fast with its squeezed frequency comb than with a traditional device. The researchers were also able to achieve this effect over a range of infrared light around 1,000 times greater than what scientists had previously accomplished.

The group still has work to do before it can bring its new sensor out into the field.

"But our findings show that we are closer than ever to applying quantum frequency combs in real-world scenarios," Herman said.

Diddams agreed: "Scientists call this a 'quantum speedup,'" he said. "We've been able to manipulate the fundamental uncertainty relationships in quantum mechanics to measure something faster and better."

Other CU Boulder co-authors of the new study included Professor Joshua Combes; graduate students Molly Kate Kreider, Noah Lordi, Eugene Tsao and Matthew Heyrich; and postdoctoral researcher Alexander Lind. Mathieu Walsh, a graduate student at Universite Laval, was also a co-author.

The work at CU Boulder was supported by the U.S. National Science Foundation through the Quantum Systems through Entangled Science and Engineering (Q-SEnSE) Quantum Leap Challenge Institute and by the Office of Naval Research.
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Polymer research shows potential replacement for common superglues with a reusable and biodegradable alternative | ScienceDaily
Researchers at Colorado State University and their partners have developed an adhesive polymer that is stronger than current commercially available options while also being biodegradable and reusable. The findings -- described in Science - show how the common, naturally occurring polymer P3HB can be chemically re-engineered for use as a strong yet sustainable bonding agent.


						
Adhesives are commonly used in automotives, packaging, electronics, solar cells and construction, among many other areas. Together they make up a roughly $50 billion industry that supports much of our modern life but also contributes to the mounting issue of plastic waste. The paper describes the team's work using experimental, simulation and process modeling to develop a replacement polymer.

The project was led by University Distinguished Professor Eugene Chen in the Department of Chemistry. Other partners on the paper include Gregg Beckham at the National Renewable Energy Laboratory and Professor Ting Xu at the University of California, Berkley and researchers from their groups.

Chen said that poly(3-hydroxybutyrate), or P3HB, is a natural, biobased and biodegradable polymer that can be produced by microbes under the right biological conditions. While the polymer is not adhesive when made that way, his lab was able to chemically re-engineer its structure to now deliver stronger adhesion than the common petroleum-derived, nonbiodegradable options when used on various substrates or surfaces such as aluminum, glass and wood. The adhesion strength of the re-engineered P3HB can also be tuned to accommodate different application needs.

The findings are part of a larger goal by Chen's group to improve and expand our ability to tackle the global plastics pollution crisis. His team is involved in many efforts to develop chemically recyclable, biodegradable and, overall, more sustainable alternatives to today's plastic materials. He said that while many people inherently recognize the life cycle issues that come with a disposable water bottle, adhesives present more daunting issues with fewer potential solutions.

"Petroleum-based thermoset adhesives such as Gorilla Glue and J-B Weld, along with thermoplastic hot melts, can be very difficult or even impossible to recycle or recover -- primarily because of their strong bonds to other materials," he said. "Our approach instead offers a biodegradable material that can be used in a variety of industries with tunable or even higher strength compared to those options."

Ethan Quinn is a Ph.D. student at CSU and served as a co-lead author on the paper with postdoctoral researcher Zhen Zhang. Quinn said he and Zhang led work around the creation and testing of the material.




"We developed a sample P3HB glue stick and were able to use it with a commercially available glue gun to test its application in sealing cardboard boxes and other properties on steel plates," Quinn said. "I knew the data supported it being stronger than other options, but I was shocked that we were able to show that it far out-performs typical hot-melt options -- holding up to 20 pounds in place compared to the 15 pounds an existing adhesive could not manage."

Chen said P3HB is biodegradable under a variety of instances, including managed and unmanaged environments. That means it will biodegrade naturally in landfills just as well as salty ocean water or soils, for example. That expands the range of possible options for dealing with the material at the end of its life cycle. The P3HB adhesive can also be recovered, reprocessed and reused.

The CSU team will now start work on ways to commercialize the polymer for broad use.

"We are working on two different approaches aiming for mass production, including ways to lower the overall cost and environmental impacts," Chen said. "The analysis performed by the NREL team has identified key areas where we could make improvements, and we will continue to work with the BOTTLE Consortium on those scaling efforts."
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This tiny galaxy is answering some big questions | ScienceDaily
Leo P, a small galaxy and a distant neighbor of the Milky Way, is lighting the way for astronomers to better understand star formation and how a galaxy grows.


						
In a study published in the Astrophysical Journal, a team of researchers led by Kristen McQuinn, a scientist at the Space Telescope Science Institute and an associate professor in the Department of Physics and Astronomy at the Rutgers University-New Brunswick School of Arts and Sciences, has reported finding that Leo P "reignited," reactivating during a significant period on the timeline of the universe, producing stars when many other small galaxies didn't.

By studying galaxies early in their formation and in different environments, astronomers said they may gain a deeper understanding of the universe's origins and the fundamental processes that shape it.

McQuinn and other members of the research team studied Leo P through NASA's James Webb Space Telescope, a space-based apparatus that features a large, segmented mirror and an expansive sunshield, both of which enable it to capture detailed images of distant celestial objects.

Leo P, a dwarf galaxy some 5.3 million light years from Earth, was discovered by McQuinn and other scientists in 2013. The celestial structure is far enough away from the Local Group, a clump of galaxies straddling the Milky Way, to be its neighbor without being affected by the gravitational fields of larger star systems.

The galaxy, located in the constellation Leo, is about the same size as a star cluster within the Milky Way and is about the same age as the Milky Way. The "P" in Leo P refers to "pristine," because the galaxy has so few chemical elements beside hydrogen and helium.

"Leo P provides a unique laboratory to explore the early evolution of a low-mass galaxy in detail," said McQuinn, who also is the mission head for the Science Operations Center for the Nancy Grace Roman Space Telescope at the Space Telescope Science Institute in Baltimore.




The team started by looking deeply into the past. Since the stars detected by the team with the telescope are about 13 billion years old, they can serve as "fossil records" of star formation that occurred at earlier times. "Essentially, instead of studying the stars in-situ [in their original positions] as they are forming in the early universe, we study the stars that have survived over cosmic history and use their present-day properties to infer what was occurring at earlier times," McQuinn said.

The team found that Leo P formed stars early on but then stopped making them for a few billion years. This stoppage happened during a period known as the Epoch of Reionization. It took a few billion years after the epoch for the galaxy to reignite and start forming new stars.

"We have a measurement like this for only three other galaxies -- all isolated from the Milky Way -- and they all show a similar pattern," McQuinn said.

Observations of the dwarf galaxies within the Local Group, however, show that, in contrast, star production disappeared during this period.

The Epoch, regarded by astronomers as a significant period in the history of the universe, occurred between about 150 million and one billion years after the Big Bang. It was during this period that the first stars and galaxies formed.

The contrast between the star production of the dwarf galaxies provides compelling evidence that it isn't just the mass of a galaxy at the time of reionization that determines whether it will be quenched, McQuinn said. Its environment -- meaning whether it is isolated or functioning as a satellite of a larger system -- is an important factor.




McQuinn said the observations will help pin down not only when little galaxies formed their stars, but how the reionization of the universe may have impacted how small structures form.

"If the trend holds, it provides insights on the growth of low-mass structures that is not only a fundamental constraint for structure formation but a benchmark for cosmological simulations," she said.

The researchers also found that Leo P is metal-poor, possessing 3% of the sun's metallicity. This means that the stars of the dwarf galaxy contain 30 times fewer heavy elements than the sun, which makes Leo P similar to the primordial galaxies of the early universe.

Knowledge gleaned from these observations will help astronomers piece together the timeline of cosmic events, understand how small structures evolved over billions of years and learn about the processes that led to the creation of stars, McQuinn said.

Other scientists from Rutgers on the study included Alyson Brooks, an associate professor; Roger Cohen, a postdoctoral associate; and Max Newman, a doctoral student, all with the Department of Physics and Astronomy.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250116161239.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Large and small galaxies may grow in ways more similar than expected | ScienceDaily
A team of astronomers led by University of Arizona researcher Catherine Fielder has obtained the most detailed images of a small galaxy and its surroundings, revealing features typically associated with much larger galaxies. The observations provide a rare, elusive glimpse into how small galaxies form and evolve, suggesting that the mechanisms fueling galaxy growth may be more universal than previously thought.


						
Fielder presented the findings at the 245th meeting of the American Astronomical Society in National Harbor, Maryland, during a press briefing on Jan. 16.

Galaxies, including the Milky Way, grow and evolve by merging with smaller galaxies over billions of years in a process called hierarchical assembly. This cosmic "building block" approach has been well observed in large galaxies, where streams of ancient stars -- remnants of swallowed-up galaxies -- trace their turbulent history. These streams, along with other faint features such as old, scattered stars, form a so-called stellar halo: a sprawling, low-density cloud of stars that surrounds the bright central disk of a galaxy and traces its evolutionary history.

According to traditional wisdom, smaller galaxies such as the nearby Large Magellanic Cloud may have fewer opportunities to attract mass and merge with smaller systems, including other dwarf galaxies, because of their weaker gravitational pull. Understanding how such galaxies acquire mass and grow in the context of hierarchical assembly remains an open question.

The researchers used the Dark Energy Camera, or DECam, on the 4-meter Blanco Telescope in Chile's Cerro Tololo Inter-American Observatory to conduct a deep imaging survey of 11 dwarf galaxies, including the spiral galaxy NGC 300, which is similar in mass to the Large Magellanic Cloud. The observations were made as part of the DECam Local Volume Survey, or DELVE, and revealed unprecedented details of NGC 300's features. Spanning about 94,000 light-years, NGC 300's galactic disk is a little smaller than the Milky Way and packs only about 2% of its stellar mass.

"NGC 300 is an ideal candidate for such a study because of its isolated location," said Fielder, a research associate at the U of A Steward Observatory. "This keeps it free from the influential effects of a massive companion like the Milky Way, which affects nearby small galaxies like the Large Magellanic Cloud. It's almost a bit like looking at a cosmic 'fossil record.'"

Fielder and her collaborators created stellar maps around the small galaxy and discovered a vast stellar stream extending more than 100,000 light-years from the galaxy's center.




"We consider a stellar stream a telltale sign that a galaxy has accreted mass from its surroundings, because these structures don't form as easily by internal processes," said Fielder, whose findings will be published in The Astrophysical Journal.

In addition, the researchers found traces of stars arranged in shell-like patterns reminiscent of concentric waves emanating from the center of the galaxy, as well as hints of a stream wrap -- evidence that whatever caused the stream may have changed direction in its orbit around NGC 300.

"We weren't sure we were going to find anything in any of these small galaxies," she said. "These features around NGC 300 provide us with 'smoking gun' evidence that it did accrete something."

The team also identified a previously unknown, metal-poor globular star cluster in the galaxy's halo, another "smoking gun" of past accretion events.

When gauging the age of stellar populations, astronomers frequently turn to a feature known as "metallicity" -- a term referring to the chemical elements present inside stars. Because heavier elements are forged mostly in more massive stars at or near the end of their lifespans, it takes several generations of star formation to enrich those elements. Therefore, stellar populations lacking heavier elements -- or having low metallicity -- are presumed to be older, Fielder explained.

"The stars in the features we observed around NGC 300 are ancient and metal-poor, telling a clear story," Fielder said. "These structures likely originated from a tiny galaxy that was pulled apart and absorbed into NGC 300."

Together, these findings clearly reveal that even dwarf galaxies can build stellar halos through the accretion of smaller galaxies, echoing the growth patterns seen in larger galaxies, Fielder said.

"NGC 300 now stands as one of the most striking examples of accretion-driven stellar halo assembly in a dwarf galaxy of its kind, shedding light on how galaxies grow and evolve across the universe."
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The ins and outs of quinone carbon capture | ScienceDaily
Carbon capture, or the isolation and removal of carbon dioxide from the atmosphere during industrial processes like cement mixing or steel production, is widely regarded as a key component of fighting climate change. Existing carbon capture technologies, such as amine scrubbing, are hard to deploy because they require significant energy to operate and involve corrosive compounds.


						
As a promising alternative, researchers from the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have developed carbon capture systems that use molecules called quinones, dissolved in water, as their capturing compounds. A new study in Nature Chemical Engineering provides critical insights into the mechanisms of carbon capture in these safer, gentler, water-based electrochemical systems, paving the way for their further refinement.

Led by former Harvard postdoctoral fellow Kiana Amini, now an assistant professor at University of British Columbia, the study outlines the detailed chemistry of how an aqueous, quinone-mediated carbon capture system works, showcasing the interplay of two types of electrochemistry that contribute to the system's performance.

The study's senior author is Michael J. Aziz, the Gene and Tracy Sykes Professor of Materials and Energy Technologies at SEAS. Aziz' lab previously invented a redox flow battery technology that uses similar quinone chemistry to store energy for commercial and grid applications.

Quinones are abundant, small organic molecules found in both crude oil and rhubarb that can convert, trap, and release CO2 from the atmosphere many times over. Through lab experiments, the Harvard team knew that quinones trap carbon in two distinct ways. These two processes happen simultaneously, but the researchers have been unsure of each one's contributions to overall carbon capture -- as if their experimental electrochemical device were a black box.

This study opens the box.

"If we are serious about developing this system to be the best it can be, we need to know the mechanisms that are contributing to the capture, and the amounts ... we had never measured the individual contributions of these mechanisms," Amini said.




One of the ways dissolved quinones trap carbon is a form of direct capture, in which quinones receive an electrical charge and undergo a reduction reaction that gives them affinity to CO2. The process allows quinones to attach to the CO2 molecules, resulting in chemical complexes called quinone-CO2 adducts.

The other way is a form of indirect capture in which the quinones are charged and consume protons,which increases the solution's pH. This allows CO2 to react with the now-alkaline medium to form bicarbonate or carbonate compounds.

The researchers devised two real-time experimental methods for quantifying each mechanism. In the first, they used reference electrodes to measure voltage signature differences between the quinones and resulting quinone-CO2 adducts.

In the second, they used fluorescence microscopy to distinguish between oxidized, reduced, and adduct chemicals and quantified their concentrations at very fast time resolutions. This was possible because they discovered that the compounds involved in quinone-mediated carbon capture have unique fluorescence signatures.

"These methods allow us to measure contributions of each mechanism during operation," Amini said. "By doing so, we can design systems that are tailored to specific mechanisms and chemical species."

The research advances understanding of aqueous quinone-based carbon capture systems and provides tools for tailoring designs to different industrial applications. While challenges remain, such as oxygen sensitivity that can hinder performance, these findings open new avenues for investigation.

The research was supported by the National Science Foundation and the U.S. Department of Energy.
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NASA's Pandora mission one step closer to probing alien atmospheres | ScienceDaily
Pandora, NASA's newest exoplanet mission, is one step closer to launch with the completion of the spacecraft bus, which provides the structure, power and other systems that will allow the mission to carry out its work. Pandora's exoplanet science working group is led by the University of Arizona, and Pandora will be the first mission to have its operations center at the U of A Space Institute.


						
The completion of the bus was announced during a press briefing at the 245th Meeting of the American Astronomical Society in National Harbor, Maryland, on Jan. 16.

"This is a huge milestone for us and keeps us on track for a launch in the fall," said Elisa Quintana, Pandora's principal investigator at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "The bus holds our instruments and handles navigation, data acquisition and communication with Earth -- it's the brains of the spacecraft."

Pandora is a small satellite poised to provide in-depth study of at least 20 known planets orbiting distant stars to determine the composition of their atmospheres -- especially the presence of hazes, clouds and water. The data will establish a firm foundation for interpreting measurements by NASA's James Webb Space Telescope and future missions aimed at searching for habitable worlds.

"Although smaller and less sensitive than Webb, Pandora will be able to stare longer at the host stars of extrasolar planets, allowing for deeper study," said Pandora co-investigator Daniel Apai, professor of astronomy and planetary sciences at the U of A Steward Observatory and Lunar and Planetary Laboratory who leads the mission's Exoplanets Science Working Group. "Better understanding of the stars will help Pandora and its 'big brother,' the James Webb Space Telescope, disentangle signals from stars and their planets."

Astronomers can sample an exoplanet's atmosphere when it passes in front of its star as seen from Earth's perspective, during an event known as a transit. Part of the star's light skims the planet's atmosphere before making its way to the observer. This interaction allows the light to interact with atmospheric substances, and their chemical fingerprints -- dips in brightness at characteristic wavelengths -- become imprinted in the light.

The concept of Pandora was born out of necessity to overcome a snag in observing starlight passing through the atmospheres of exoplanets, Apai said.




"In 2018, a doctoral student in my group, Benjamin Rackham -- now an MIT research scientist -- described an astrophysical effect by which light coming directly from the star muddies the signal of the light passing through the exoplanet's atmosphere," Apai explained. "We predicted that this effect would limit Webb's ability to study habitable planets."

Telescopes see light from the entire star, not just the small amount grazing the planet. Stellar surfaces aren't uniform. They sport hotter, unusually bright regions called faculae and cooler, darker regions similar to the spots on our sun, both of which grow, shrink and change position as the star rotates. As a result, these "mixed signals" in the observed light can make it difficult to distinguish between light that has passed through an exoplanet's atmosphere and light that varies based on a star's changing appearance. For example, variations in light from the host star can mask or mimic the signal of water, a likely key ingredient researchers look for when evaluating an exoplanet's potential for harboring life.

Using a novel all-aluminum, 45-centimeter-wide telescope, jointly developed by Lawrence Livermore National Laboratory and Corning Specialty Materials in Keene, New Hampshire, Pandora's detectors will capture each star's visible brightness and near-infrared spectrum at the same time, while also obtaining the transiting planet's near-infrared spectrum. This combined data will enable the science team to determine the properties of stellar surfaces and cleanly separate star and planetary signals.

The observing strategy takes advantage of the mission's ability to continuously observe its targets for extended periods, something flagship observatories like Webb, which offer limited observing time due to high demand, cannot regularly do.

Over the course of its yearlong mission, Pandora will observe at least 20 exoplanets 10 times, with each stare lasting a total of 24 hours. Each observation will include a transit, which is when the mission will capture the planet's spectrum.

Karl Harshman, who leads the Mission Operations Team at the U of A Space Institute that will support the spacecraft's operation once it launches later this year, said: "We have a very excited team that has been working hard to have our Mission Operations Center running at full speed at the time of launch and look forward to receiving science data. Just this week, we performed a communications test with our antenna system that will transmit commands to Pandora and receive the telemetry from the spacecraft."

Pandora is led by NASA's Goddard Space Flight Center. Lawrence Livermore National Laboratory provides the mission's project management and engineering. Pandora's telescope was manufactured by Corning and developed collaboratively with Livermore, which also developed the imaging detector assemblies, the mission's control electronics, and all supporting thermal and mechanical subsystems. The infrared sensor was provided by NASA Goddard. Blue Canyon Technologies provided the bus and is performing spacecraft assembly, integration and environmental testing. NASA's Ames Research Center in California's Silicon Valley will perform the mission's data processing. Pandora's mission operations center is located at the University of Arizona, and a host of additional universities support the science team.
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Autonomous AI assistant to build nanostructures | ScienceDaily
The chemical composition of a material alone sometimes reveals little about its properties. The decisive factor is often the arrangement of the molecules in the atomic lattice structure or on the surface of the material. Materials science utilises this factor to create certain properties by applying individual atoms and molecules to surfaces with the aid of high-performance microscopes. This is still extremely time-consuming and the constructed nanostructures are comparatively simple.


						
Using artificial intelligence, a new research group at TU Graz now wants to take the construction of nanostructures to a new level: "We want to develop a self-learning AI system that positions individual molecules quickly, specifically and in the right orientation, and all this completely autonomously," says Oliver Hofmann from the Institute of Solid State Physics, who heads the research group. This should make it possible to build highly complex molecular structures, including logic circuits in the nanometre range. The "Molecule arrangement through artificial intelligence" research group is receiving funding totalling 1.19 million euros from the Austrian Science Fund.

Positioning using a scanning tunnelling microscope

The positioning of individual molecules on a material's surface is carried out using a scanning tunnelling microscope. The tip of the probe emits an electrical impulse to deposit a molecule it is carrying. "A person needs a few minutes to complete this step for a simple molecule," says Oliver Hofmann. "But in order to build complicated structures with potentially exciting effects, many thousands of complex molecules have to be positioned individually and the result then tested. This of course takes a relatively long time."

However, a scanning tunnelling microscope can also be controlled by a computer. Oliver Hofmann's team now wants to use various machine learning methods to get such a computer system to place the molecules in the correct position independently. First, AI methods are used to calculate an optimal plan that describes the most efficient and reliable approach to building the structure. Self-learning AI algorithms then control the probe tip to place the molecules precisely according to the plan. "Positioning complex molecules at the highest precision is a difficult process, as their alignment is always subject to a certain degree of chance despite the best possible control," explains Hofmann. The researchers will integrate this conditional probability factor into the AI system so that it still acts reliably.

Nanostructures in the shape of a gate

Using an AI-controlled scanning tunnelling microscope that can work around the clock, the researchers ultimately want to build so-called quantum corrals. These are nanostructures in the shape of a gate, which can be used to trap electrons from the material on which they are deposited. The wave-like properties of the electrons then lead to quantum-mechanical interferences that can be utilised for practical applications. Until now, quantum corrals have mainly been built from single atoms. Oliver Hofmann's team now wants to produce them from complex-shaped molecules: "Our hypothesis is that this will allow us to build much more diverse quantum corrals and thus specifically expand their effects." The researchers want to use these more complex quantum corrals to build logic circuits in order to fundamentally study how they work at the molecular level. Theoretically, such quantum corrals could one day be used to build computer chips.

Expertise from two universities

For its five-year programme, the research group is pooling expertise from the fields of artificial intelligence, mathematics, physics and chemistry. Bettina Konighofer from the Institute of Information Security is responsible for the development of the machine learning model. Her team must ensure that the self-learning system does not inadvertently destroy the nanostructures it constructs. Jussi Behrndt from the Institute of Applied Mathematics will determine the fundamental properties of the structures to be developed on a theoretical basis, while Markus Aichhorn from the Institute of Theoretical Physics will translate these predictions into practical applications. Leonhard Grill from the Institute of Chemistry at the University of Graz is primarily responsible for the real experiments on the scanning tunnelling microscope.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250116134107.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Robots should be repurposed rather than recycled to combat rising scale of e-waste, scientists warn | ScienceDaily
The robotics industry should be creating robots that could be reprogrammed and repurposed for other tasks once its life span is completed, University of Bristol and University of West England researchers have advised.


						
The study, published by Towards Autonomous Robotic Systems, aims to challenge individuals working in the robotics industry and in academia to note the effect that their early work can have on the long-term use of a robotic system.

With 80% of a robots environmental impact decided during the initial design phases of a product life-cycle, experts argue it is essential that researchers, designers and manufacturers understand the limitations of recycling an electronic product at the end of its life, and instead consider the other options possible to move products and the industry towards a sustainable life-cycle.

Repurposing, compared to reuse, is unique to robots, as systems can be fully reprogrammed and integrated with new hardware, resulting in a product which is still a robot, but one with a different utility to the original.

Helen McGloin from Bristol's School of Engineering Mathematics and Technology explained: "Regardless of being in industry, academia, or the general public, we are all aware of the growing piles of e-waste produced around the globe.

"This research summarises the growth of electronics waste levels and the hazards to the planet and people this is causing.

"The Global e-waste monitor produced by the UN highlights in 2019 alone 54 million metric tons of e-waste were produced, and this is expected to rise to 75 million metric tons by 2030."

Currently, robots and robotic systems are not classed as electronic waste, however the authors argue that they meet current definitions and will therefore be likely to be included in scope of e-waste in the future. With this classification will come additional scrutiny of the robotics industry and the way it designs and plans end-of-life for electronic robotic products.




As with other electronic products, there are and will be a variety of options for what to do with a robot when it reaches the end of its primary life. Currently, many businesses, research centres and universities 'hibernate' their robotic electronic waste -- where e-waste is stored for a period without being used.

Helen adds: "Levels of electronic waste are growing annually around the globe, and the introduction of new robotic products in homes, schools and work places will only add to this problem in the near future.

"While recycling may seem like an easy option to tackle electronic waste, it is so often miss-managed that alternatives must be sought. This paper looks to challenge all those in the robotics industry to think creatively and pre-emptively into designing for a circular economy."

The team have also highlighted a variety of challenges to implementing repurposing in the robotics industry such as assessing economic and environmental viability, proving technical capability of repurposing robots, addressing attitudes towards the circular economy through use of incentives and legislation.

They will now investigate further consumer attitudes towards second hand robots, industry attitudes towards e-waste, right to repair, repurposing and the circular economy as well as the processes to repurpose robots and barriers to a circular economy in the robotics industry.

This is introductory paper focuses on a literature review and applies and analyses concepts from other areas of the electronic industry within the context of the robotics industry.

Paper:

'Consulting an Oracle; Repurposing Robots for the Circular Economy' by Helen McGloin, Matthew Studley, Richard Mawle and Alan Winfield published in Towards Autonomous Robotic Systems.
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A deep learning pipeline for controlling protein interactions | ScienceDaily
In 2023, scientists in the joint School of Engineering and School of Life Sciences Laboratory of Protein Design and Immunoengineering (LPDI), led by Bruno Correia, published in Nature a deep-learning pipeline for designing new proteins to interact with therapeutic targets. MaSIF can rapidly scan millions of proteins to identify optimal matches between molecules based on their chemical and geometric surface properties, enabling scientists to engineer novel protein-protein interactions that play key roles in cell regulation and therapeutics.


						
A year and a half later, the team has reported -- again in Nature -- an exciting advancement of this technology. They have used MaSIF to design novel protein binders to interact with known protein complexes involving small molecules like therapeutic drugs or hormones. Because these bound small molecules induce subtle changes in the surface properties ('neosurfaces') of these protein-drug complexes, they can act as 'on' or 'off' switches for the fine control of cellular functions like DNA transcription or protein degradation.

"Our idea was to engineer an interaction in which a small molecule causes two proteins to come together. Some approaches have focused on screening for such small molecules, but we wanted to design a novel protein that would bind to a defined protein-drug complex," says LPDI scientist and co-first author Anthony Marchand.

Remarkably, the team showed that MaSIF could seamlessly apply protein surface representations ('fingerprints') that had been trained only on proteins to neosurfaces emerging from protein-drug complexes. While most learning-based protein design systems work only on amino acid building blocks from nature, MaSIF's sensitivity and generalizability to small molecules means it could be used to design chemically induced protein interactions in engineered cells for drug-controlled cell-based therapies or biosensors.

Small but powerful

While protein binding may seem as simple as fitting puzzle pieces together, in reality, protein surface variations make it hard to predict how and where binding events will occur. As in their previous study, the team designed novel protein binders by using MaSIF to generate 'fingerprints' for surface features like positive and negative charge, hydrophobicity, shape, etc. Then they identified complementary surfaces from a database, digitally grafted protein fragments onto larger scaffolds, and selected binders predicted to fit best with their targets.

"The difference here is that we assume the surface features of a protein change if a small molecule binds to it, creating a neosurface. MaSIF was able to capture this difference with a high degree of sensitivity," says LPDI PhD student and co-author Arne Schneuing.




The team experimentally validated their novel protein binders against three drug-bound protein complexes containing the hormone progesterone, the FDA-approved leukemia drug Venetoclax, and the naturally occurring antibiotic Actinonin, respectively. The protein binders designed using MaSIF successfully recognized each drug-protein complex with high affinity. The researchers explain that this was possible because MaSIF is based on general surface features that apply to proteins and small molecules alike, so they were able to map the small molecule features onto the same descriptor space that MaSIF was trained on for proteins.

"MaSIF has a relatively small number of parameters -- around 70,000 versus billions for large deep learning systems like ChatGPT. This is possible because we use only key surface features, resulting in a high level of abstraction. In other words, we don't give the system the full picture; only the part we think matters for solving the problem," Schneuing says.

Better control of CAR-T cells

An exciting potential application of this work is the fine control of cell-based cancer treatments like chimeric antigen receptor (CAR-T) therapy, which involves engineering a patient's T cells to better target their cancer. But after being re-introduced into the patient, engineered cells may attack the wrong targets -- potentially causing harmful side-effects -- or may exhaust their ability to fight cancer. In a proof-of-concept experiment, the EPFL team showed that a Venetoclax-inducible system designed with MaSIF was effective at switching on tumor killing activity of CAR-T cells in vitro.

"If you can precisely control the spatiotemporal activity of cell-based therapies with small molecule switches, then you can really improve the safety and efficacy of the treatment," summarizes LPDI PhD student and co-first author Stephen Buckley.
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Synchronization in neural nets: Mathematical insight into neuron readout drives significant improvements in prediction accuracy | ScienceDaily
Researchers applied the mathematical theory of synchronization to clarify how recurrent neural networks (RNNs) generate predictions, revealing a certain map, based on the generalized synchronization, that yields correct target values. They showed that conventional reservoir computing (RC), a type of RNN, can be viewed as a linear approximation, and introduced a "generalized readout" incorporating further order approximations. Using a chaotic time-series forecasting task, they demonstrated that this approach dramatically enhances both prediction accuracy and robustness.


						
Reservoir computing (RC) is a powerful machine learning module designed to handle tasks involving time-based or sequential data, like tracking patterns over time or analyzing sequences. It is widely used in areas such as finance, robotics, speech recognition, weather forecasting, natural language processing, and predicting complex nonlinear dynamical systems. What sets RC apart is its efficiency -- it delivers powerful results with much lower training costs compared to other methods.

RC uses a fixed, randomly connected network layer, known as the reservoir, to turn input data into a more complex representation. A readout layer then analyzes this representation to find patterns and connections in the data. Unlike traditional neural networks, which require extensive training across multiple network layers, RC only trains the readout layer, typically through a simple linear regression process. This drastically reduces the amount of computation needed, making RC fast and computationally efficient. Inspired by how the brain works, RC uses a fixed network structure but learns the outputs in an adaptable way. It is especially good at predicting complex systems and can even be used on physical devices (called physical RC) for energy-efficient, high-performance computing. Nevertheless, can it be optimized further?

A recent study by Dr. Masanobu Inubushi and Ms. Akane Ohkubo from the Department of Applied Mathematics at Tokyo University of Science, Japan, presents a novel approach to enhance RC. "Drawing inspiration from recent mathematical studies on generalized synchronization, we developed a novel RC framework that incorporates a generalized readout, including a nonlinear combination of reservoir variables," explains Dr. Inubushi. "This method offers improved accuracy and robustness compared to conventional RC." Their findings were published on 28 December 2024, in Scientific Reports.

The new generalized readout-based RC method relies on a mathematical function, h, that maps the reservoir state to the target value of the given task, for instance -- a future state in the case of prediction tasks. This function is based on generalized synchronization, a mathematical phenomenon where the behavior of one system can be fully described by the state of another. Recent studies have shown that in RC, a generalized synchronization map exists between input data and reservoir states, and the researchers used this map to derive the function h.

To explain this, the researchers used Taylor's series expansion which simplifies complex functions into smaller and more manageable segments. In contrast, their generalized readout method incorporates a nonlinear combination of reservoir variables, allowing data to be connected in a more complex and flexible way to uncover deeper patterns. This provides a more general, complex representation of h, enabling the readout layer to capture more complex time-based patterns in the input data, improving accuracy. Despite this added complexity, the learning process remains as simple and computationally efficient as conventional RC.

To test their method, the researchers conducted numerical studies on chaotic systems like the Lorenz and Rossler attractors -- mathematical models known for their unpredictable atmospheric behavior. The results showed notable improvements in accuracy, along with an unexpected enhancement in robustness, both in short-term and long-term predictions, compared to conventional RC.

"Our generalized readout method bridges rigorous mathematics with practical applications. While initially developed within the framework of RC, both synchronization theory and the generalized readout-based approach are applicable to a broader class of neural network architectures," explains Dr. Inubushi.

While further research is needed to fully explore its potential, the generalized readout-based RC method represents a significant advancement with promise for various fields, marking an exciting step forward in reservoir computing.
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Thin lenses have a bright future | ScienceDaily
Paper-thin optical lenses simple enough to mass produce like microchips could enable a new generation of compact optical devices. A team with researchers at the University of Tokyo and JSR Corp. fabricated and tested flat lenses called Fresnel zone plates (FZPs), but did so for the first time using only common semiconductor manufacturing equipment, the i-line stepper, for the first time. These flat lenses currently lack the efficiency of in-production lenses, but have the potential to reshape optics for industries ranging from astronomy to health care and consumer electronics.


						
Flat lenses, such as metalenses, exist, but they come with hefty price tags and a high degree of complexity, and only a small number of devices are available. In the race to increase the quality, performance and efficiency of devices whilst reducing costs, manufacturers, through the work of academic researchers, seek alternatives. FZPs have become a good candidate to improve optical devices where space is critical. And for the first time, researchers crafted sample lenses with just a few straightforward steps using industry standard machinery.

"We developed a simple and mass-producible method for FZPs using a common semiconductor lithography system, or stepper," said Associate Professor Kuniaki Konishi from the Institute for Photon Science and Technology. "This is due to a special type of photoresist or mask called a color resist, which was originally designed for use as color filters. By simply coating, exposing and developing this material, we produced lenses capable of focusing visible light down to only 1.1 microns, around 100 times thinner than a human hair."

The current drawback with the new FZPs is that they only have a light-gathering efficiency of 7%, meaning they produce excessively noisy images. But already the team is working on ways to increase this fourfold by changing the way they use the color resists. However, this would require a greater degree of control over the color resists' physical properties than was afforded the researchers at the time of this study, though the ability to do this does exist.

"In addition to efficiently fabricating FZPs, we also devised simulations which are confirmed to match our experiments very tightly. What this means is, we could tailor designs to match specific applications in different fields, such as medicine, before committing to production," said Konishi. "Furthermore, we envisage environmental and economic benefits too, as unlike traditional manufacturing methods, the FZP production process eliminates the need for toxic etching chemicals and significantly reduces energy consumption."

So, it might be a while before FZPs help you capture moments in high visual fidelity with your ultrathin smartphone, but this, or technology inspired by it, will likely come along soon.

Funding:This research was supported by JSR-UTokyo Collaboration Hub, CURIE.
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Wearable devices can detect and predict inflammatory bowel disease flare-ups | ScienceDaily
Wearable devices can identify, differentiate, and predict flare-ups, or the worsening of symptoms and inflammation, in inflammatory bowel disease (IBD), Mount Sinai researchers have shown in a first-of-its-kind study.


						
The findings, published in the journal Gastroenterology on January 16, suggest that wearable technology can predict the subsequent development of flares in IBD, enabling continuous disease monitoring through widely available commercial devices.

"Current disease-monitoring methods rely on patients directly interacting with their doctors, either through office visits, blood or stool testing, or by undergoing a colonoscopy. These methods also only assess the disease at one point in time, and can often be invasive or inconvenient," said first author Robert Hirten, MD, Clinical Director of the Hasso Plattner Institute for Digital Health; and Associate Professor of Medicine (Gastroenterology), and Artificial Intelligence and Human Health, at the Icahn School of Medicine at Mount Sinai. "Our study shows that commonly used wearable devices such as Apple Watches, Fitbits, and Oura Rings can be effective tools in monitoring chronic inflammatory diseases like IBD. This creates an opportunity to monitor the disease remotely outside the health care setting, in a continuous manner, and potentially in real time."

IBD is a chronic condition that causes inflammation in the intestines and affects more than 2.4 million people in the United States. Mount Sinai researchers enrolled more than 300 participants with ulcerative colitis or Crohn's disease, the two major types of IBD, from 36 states. The participants wore devices, answered daily symptom surveys, and provided blood and stool assessments of inflammation.

The researchers found that circadian patterns of heart rate variability (a marker of nervous system function), along with heart rate, oxygenation, and daily activity, all measured by the wearable devices, were significantly altered when inflammation or symptoms were present. Moreover, these physiological markers could detect inflammation even in the absence of symptoms and distinguish whether symptoms were driven by active inflammation in the intestines. Importantly, the researchers found that these metrics measured by wearables changed up to seven weeks before flares developed.

The researchers are applying similar approaches to other chronic inflammatory diseases, such as rheumatoid arthritis, and leveraging artificial intelligence to develop algorithms using wearable device data to predict flares on an individualized basis. "These findings open the door to leveraging wearable technology for health monitoring and disease management in innovative ways we haven't previously considered," Dr. Hirten said. "Our hope is that, in the future, this approach will significantly enhance the quality of life of our patients."
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Astronomers observe real-time formation of black hole jets for the first time | ScienceDaily
A large international team of scientists has observed a phenomenon that astronomers didn't ever expect to see happen in real time. The findings are described in a new paper published in Astrophysical Journal Letters led by Eileen Meyer, associate professor of physics at UMBC.


						
A galaxy about 270 million light-years away from Earth in the constellation Draco called 1ES 1927+654 is the focus of the excitement. For many years, scientists had classified 1ES 1927+654 as an "active galactic nucleus," or AGN, meaning it has an active black hole at its center. This particular black hole was adding material at a slow rate -- until it wasn't.

Back in 2018, the black hole first made news when it suddenly increased its activity exponentially. It dramatically increased the rate at which it was consuming material and became over 100 times brighter in the visible light spectrum over the course of a few months. A shift like that was once thought to take far longer than a human lifetime, on the order of thousands to millions of years. Since then, scientists have been observing it closely for any additional interesting phenomena, and 1ES 1927+654 has delivered.

More drama

After the major increase in activity began in 2018, which included nearly a year of extremely high levels of X-ray emission, the black hole quieted down again by 2020 -- only to dramatically increase its output again in 2023. At that time, it began emitting radio waves at 60 times the previous intensity over just a few months, behavior which has never been monitored in real time for a supermassive black hole.

Some of the highest-resolution imaging of radio frequency emissions was collected using a technique called Very Long Baseline Interferometry (VLBI). It clearly shows a pair of oppositely directed plasma jets forming near the black hole and expanding outward over the course of 2023 -- 2024. Among the other unusual behavior of the black hole, this is the first-ever observation of jet formation in real time.

In recent years, scientists have discovered a handful of supermassive black holes that appear to emit far more intensely at radio frequencies compared to when they were first observed, which they call "changing-look AGN." However, until now all of them had been observed at two timepoints years or decades apart, and the assumption was that "something happened" in between. This new paper gives the very first look at how this kind of change occurs in detail.




Turning on in real time

In some cases, black hole jets "can reach huge scales well outside the host galaxy. They can affect how many stars are forming," Meyer says. Figuring out how the jets work "is a very important thing, in order to understand the big picture of how the universe is evolving and galaxies evolved."

In the case described in the new paper, "We have very detailed observations of a radio jet 'turning on' in real time, and even more exciting are the VLBI observations, which clearly show these plasma blobs moving out from the black hole," Meyer says. "That shows us that this really is an outflow jet of plasma that's causing the radio flare. It's not some other process causing increased radio emission. This is a jet moving at likely 20 to 30 percent of the speed of light originating very near a black hole. That's the exciting thing."

Sibasish Laha, an assistant research scientist for UMBC with the Center for Space Sciences Technology and second author on the new paper, has long studied changing-look AGN at X-ray wavelengths. On a hunch that 1ES 1927+654's radio frequency emission might show interesting behavior as well, he reached out to Meyer to form a collaboration to study 1ES 1927+654 and other similar galaxies back in 2020. He is lead author on a companion paper that is currently under review. It includes additional X-ray observations and interpretation of the jet formation event.

"We still do not understand how black holes and their host galaxies interact with each other and co-evolve in cosmic time," Laha says, "and this study for the first time gives us the rare opportunity to understand how a supermassive black hole 'talks' to the host galaxy."

Not for the faint of heart

In this kind of work, time is of the essence. "Time-domain astronomy," as it's called, "is not for the faint of heart," Meyer says. "You know, there are rapid alerts -- something happens and you have to go follow up. You gotta get on it, and it doesn't matter if it's midnight, you have to send that email because you know every hour counts. It's a little stressful."




The project became an "all hands on deck" moment for the UMBC collaboration. Once Meyer and Laha saw the huge jump in radio activity in 2023, Meyer says, "We were like, 'whoa, ok, something is happening.' This has never been seen before. We got very excited, so this is where we went all in on basically trying to grab every radio telescope and get it to look at this source."

Because 1ES 1927+654 was changing so rapidly before their eyes, the team was awarded new, unscheduled observations on telescopes around the world during the study period, when typically telescope time must be scheduled months or years in advance.

A postdoctoral fellow working with Meyer, Onic Shuvo, who is third author on the paper, took on the lion's share of the late-night duties, rapidly analyzing incoming data and requesting new observations. He's thrilled to be part of such an exciting discovery. "This remarkable finding challenges existing models of AGN activity and highlights the unique role that changing-look AGN play in unraveling the mysteries of the central engine of active galaxies in real-time," Shuvo says.

A new jet is born

The newborn jets coming from 1ES 1927+654 are relatively small compared to the massive jet structures in some of the most powerful AGN, Meyer says. But that doesn't make them less interesting -- in fact, they are probably more common across the universe and therefore very important to understand, she says.

Some data suggested that the 2018 flare, in the visible spectrum, could be due to a "tidal disruption event," where a large object like a star or cloud of gas gets too close to an inactive black hole and artificially brightens it for just a few years, Meyer says. But observations of tidal disruption events in already-active galaxies are rare and not well understood.

While the largest plasma jets extend well beyond their host galaxies and last millions of years, scientists are gaining understanding of a new class of smaller, shorter-lived jets called "compact symmetric objects," or CSOs. Meyer believes the data in this case point most strongly to the birth of a new CSO. One recent hypothesis is that jets in CSOs are qualitatively different from the very large and long-lived jets seen elsewhere, Meyer says, perhaps representing "a single ingestion of a star or a gas cloud; basically a single tidal disruption event happens and powers this short-term jet for maybe 1,000 years."

Perhaps the tidal disruption event occurred several years ago, "and it took a few years for the accreting black hole to organize and start producing the jet," as the team saw in 2023 -- 2024, Meyer says.

Open questions

Overall, "We still don't really understand after all these decades of studying these sources why only a fraction of accreting black holes produce jets and then exactly how they launch them. Until recently we could not literally look into that innermost region to see what's happening -- how the accretion disk surrounding the black hole is interacting with and producing the jet. And so there are still a lot of open questions there," Meyer says.

Questions remain, but today there are many promising models of how black holes produce jets, Meyer says. Next steps will include working with theorists to understand how the data from this study can help test and refine those models.

"There's a lot of theoretical work to be done to understand what we've seen, but the good thing is that we have a massive amount of data," Meyer says. "We're going to keep following this source, and it's going to continue to be exciting."
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        Imagining the physics of George R.R. Martin's fictional universe
        Researchers have derived a formula for viral behavior in the Wild Cards, a science fiction series written by a collection of authors about an alien virus called the Wild Card that mutates human DNA. The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

      

      
        New twist in mystery of dinosaurs' origin
        The remains of the earliest dinosaurs may lie undiscovered in the Amazon and other equatorial regions of South America and Africa, suggests a new study.

      

      
        Rare pterosaur fossil reveals crocodilian bite 76m years ago
        The fossilized neck bone of a flying reptile unearthed in Canada shows tell-tale signs of being bitten by a crocodile-like creature 76 million years ago, according to a new study.

      

      
        Curiosity- driven experiment helps unravel antibiotic-resistance mystery
        An international collaboration has achieved an important breakthrough in understanding the genetic mechanisms that allow bacteria to build resistance to drugs.

      

      
        Claims for the world's deepest earthquake challenged by new analysis
        The magnitude 7.9 Bonin Islands earthquake sequence, which ruptured deep within the earth near the base of the upper mantle, did not include an aftershock that extended to record depths into the lower mantle, according to a new study.

      

      
        Solving the evolutionary puzzle of polyploidy: how genome duplication shapes adaptation
        Scientists have developed a theoretical model that uncovers the dual role of polyploidy -- organisms carrying extra genome copies -- in evolution. Their findings reveal that polyploidy can stabilize populations in predictable environments, where the evolution of novel traits is not required, enabling organisms to adapt and thrive in challenging conditions by accelerating evolutionary innovation. This breakthrough offers fresh insights into evolutionary mechanisms and their implications for microb...

      

      
        Stronger stress response in monkeys helps them survive
        Researchers used the environmental circumstances and fecal samples collected from the six years prior to the severe El Ni o drought in Costa Rica to study the relationship between the endocrinologic stress response and survival in white-faced capuchin monkeys. Monkeys who showed a steeper rise in these stress hormones during the mild droughts were more likely to survive the severe El Nino drought. As weather intensifies globally, longitudinal studies of how wild animals cope with changes in tempe...

      

      
        T cells rise up to fight infections in the gut
        Pathogen-fighting immune cells called tissue-resident memory CD8 T cells (TRM cells) go through a surprising transformation -- and relocation -- as they fight infections in the small intestine.

      

      
        Float like a jellyfish: New coral mobility mechanisms uncovered
        When it comes time to migrate, new research has found how a free-living coral ignores the classic advice and goes straight towards the light.

      

      
        Biodegradable nylon precursor produced through artificial photosynthesis
        Scientists have developed an artificial photosynthesis technology that produces precursors of biodegradable nylon from biomass-derived compounds and ammonia.

      

      
        Dining out with San Francisco's coyotes
        As their traditional dining options dwindle, the native coyotes of San Francisco are shifting what they eat. A new study reveals what's on the menu.

      

      
        Many Roads Lead to... the embryo
        Is there only one optimal configuration an organism can reach during evolution? Is there a single formula that describes the trajectory towards the optimum? And can we 'derive' it in a purely theoretical fashion? A team of researchers has answers. Their mathematical model forecasts the ideal body plan of a fruit fly's early embryo, suggesting that evolution might had many optimal options at its disposal.

      

      
        From soot particle filters to renewable fuels
        Unraveling the chemical processes in soot particle filters reveals new ways to produce synthetic fuels.

      

      
        Fossil discovery in the Geiseltal Collection: Researchers identify unique bird skull
        Around 45 million years ago, a 4.6 feet-tall (1.40 meters) flightless bird called Diatryma roamed the Geiseltal region in southern Saxony-Anhalt. An international team of researchers report on the bird's fully preserved skull. The fossil was unearthed in the 1950s in a former lignite mining area in the Geiseltal in Germany. It was initially misclassified and thus led a shadowy existence until its rediscovery. The only other place that a similar skull fossil has been found is the USA.

      

      
        Grass surfaces drastically reduce drone noise making the way for soundless city skies
        Porous land such as foliage significantly lowers noise made by drones and air taxis which could reduce disturbances for urban communities as Urban Air Mobility (UAM) grows.

      

      
        Researchers unlock new insights into tin-based catalysts for electrochemical CO2 reduction
        A group of researchers have analyzed thousands of reports from the past decade, identifying a tin-based catalyst that aids the production of formic acid, an indispensable chemical in various industries, and makes the process greener.

      

      
        Green tea-based adhesive films show promise as a novel treatment for oral mucositis
        Oral mucositis is a painful condition in which the mucous membranes inside the mouth become inflamed. To help alleviate this, researchers have developed a mucoadhesive film using xyloglucan and antioxidant-rich green tea extract containing catechins. With its strong adhesive properties, the film directly adheres to the affected area. Made from accessible ingredients, this solution could provide localized relief and improve the quality of life for patients.

      

      
        Fighting experience plays key role in brain chemical's control of male aggression
        Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.

      

      
        AI in cell research: Moscot reveals cell dynamics in unprecedented detail
        Thanks to a new technology called Moscot ('Multi-Omics Single-Cell Optimal Transport'), researchers can now observe millions of cells simultaneously as they develop into a new organ -- for example, a pancreas.

      

      
        Final synthetic yeast chromosome unlocks new era in biotechnology
        Scientists have completed construction of the final chromosome in the worlds' first synthetic yeast genome following more than a decade of work, opening new possibilities for creating resilient, engineered organisms.

      

      
        Research shows PTSD, anxiety may affect reproductive health of women firefighters
        Investigators found negative mental health conditions among women firefighters may reduce levels of key hormone associated with ovarian reserve.

      

      
        Wild baboons not capable of visual self-awareness when viewing their own reflection
        Wild baboons failed to demonstrate visual self-recognition in a test carried out by anthropologists.

      

      
        Here's what's causing the Great Salt Lake to shrink
        The Great Salt Lake, the largest saltwater lake in the Western Hemisphere, reached historic low levels in 2022, raising economic, ecological and public health concerns for Utah. New research is believed to be the first peer-reviewed study that quantifies the contributing factors to the record low water volume levels, which the researchers say is important for anticipating and managing future lake changes.

      

      
        Can DNA-nanoparticle motors get up to speed with motor proteins?
        DNA-nanoparticle motors are exactly as they sound: tiny artificial motors that use the structures of DNA and RNA to propel motion by enzymatic RNA degradation. Essentially, chemical energy is converted into mechanical motion by biasing the Brownian motion. The DNA-nanoparticle motor uses the 'burnt-bridge' Brownian ratchet mechanism. In this type of movement, the motor is being propelled by the degradation (or 'burning') of the bonds (or 'bridges') it crosses along the substrate, essentially bias...

      

      
        Dolphins use a 'fat taste' system to get their mother's milk
        Juvenile dolphins were found to have specialized receptors for fatty acids on their tongues, offering new insights into their growth and feeding habits.

      

      
        Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state
        A new study has identified a group of neurons that, when activated, can induce a hypometabolic state, akin to hibernation. The discovery could have far-reaching implications for conditions like obesity, cardiometabolic diseases, and even for space travel. The research team found that these neurons regulate key aspects of the brain-heart-gut axis.

      

      
        Extreme climate pushed thousands of lakes in West Greenland 'across a tipping point,' study finds
        Following two months of record heat and precipitation in fall 2022, an estimated 7,500 lakes in West Greenland turned brown, began emitting carbon and decreased in water quality in less than a year. The spike in temperatures caused the precipitation to fall as rain instead of snow. The heat also caused permafrost to thaw, releasing an abundance of carbon, iron, magnesium and other elements that the rain washed into the lakes. Researchers found a decrease in phytoplankton that absorb carbon dioxid...

      

      
        Cycle of coral bleaching on the Great Barrier Reef now at 'catastrophic' levels
        Marine scientists highlights the complex interplay between heat stress, disease onset and coral mortality. They found that 66 percent of the colonies were bleached by February 2024 and 80 per cent by April. By July, 44 percent of the bleached colonies had died, with some coral genera, such as Acropora, experiencing a staggering 95 percent mortality rate.

      

      
        Australian Plantago could replace psyllium husk in gluten-free breads
        Seeds of two species of Plantago have been identified as producing mucilage that can be used as a natural additive to make gluten-free bread dough more elastic, resulting in fluffier loaves.

      

      
        Shorter, smarter, safer: Short-course antibiotics can revolutionize healthcare
        Antibiotic overuse is a key driver in the rise of antimicrobial resistance (AMR), a major global health crisis. Researchers have provided compelling evidence that short-course antibiotic treatments can be a game-changer in tackling ventilator-associated pneumonia (VAP), a serious infection common in critically ill patients.

      

      
        Little birds, little poops, little food safety risk
        Smaller poops from smaller birds carry very low risk of foodborne pathogens on farms, finds a new study.

      

      
        Structural insights reveal drug target in trypanosome parasites
        Trypanosomes are parasites that cause sleeping sickness, Chagas disease, and various animal diseases. Diagnosis and treatment remain complex and no effective vaccine has been developed. A better understanding of the molecular processes in the parasite is fundamental to the development of novel effective drugs. Scientists have now characterized an important protein complex -- the nuclear cap-binding complex -- that is vital for trypanosomes, since it binds to the end of each of the parasites' mRNA...

      

      
        New evidence suggests megaflood refilled the Mediterranean Sea five million years ago
        A new study provides compelling new evidence that a colossal 'megaflood' refilled the Mediterranean Sea, ending a period during which the Med was a vast expanse of salt flats. The study suggests the Zanclean Megaflood ended the Messinian Salinity Crisis, which lasted between 5.97 and 5.33 million years ago.

      

      
        We can make fertilizer more efficiently under the surface of the Earth
        Instead of relying on energy-hungry reactors to generate high temperatures and pressure, researchers are looking underground at Earth's natural heat and forces to cook up ammonia for fertilizer. In a proof-of-concept study, researchers generated ammonia by mixing nitrogen-laced water with iron-rich rocks -- without any energy input or CO2 emission. This new recipe may lead to a more sustainable alternative to current methods, theoretically churning out enough ammonia for 2.42 million years.

      

      
        The importance of eco-friendly sensors in global food supply
        Researchers present paper-based temperature and humidity sensors that are accurate, reliable, and eco-friendly. The team created the sensors by printing silver lines on commercially available paper through dry additive nanomanufacturing. As the paper absorbs water vapor, its capacitance change is measured to reflect the relative humidity of the environment, and as the temperature increases, the metallic conductor experiences an increase in resistivity. They successfully detected changes in relati...

      

      
        In chimpanzees, peeing is contagious
        A new study has described a phenomenon researchers refer to as 'contagious urinations.' The study in 20 captive chimpanzees living at the Kumamoto Sanctuary in Japan shows that, when one chimp pees, others are more likely to follow.

      

      
        Scientists uncover structure of critical component in deadly Nipah virus
        Researchers have profiled the molecular structure and features of a key part of the deadly Nipah virus. Experiments in cells showe how changes in the viral polymerase -- a protein involved in viral replication -- can alter the virus's ability to make copies of itself and infect cells. Further analysis revealed parts of the Nipah virus polymerase that may render the pathogen susceptible to drugs.

      

      
        Ancient viral DNA shapes early embryo development
        Over half of our genomes consists of thousands of remnants of ancient viral DNA, known as transposable elements, which are widespread across the tree of life. Once dismissed as the 'dark side' of the genome, researchers have now revealed their crucial role in early embryo development.

      

      
        Ecologists uncover significant ecological impact of hybrid grouper release through religious practices
        Ecologists have identified significant ecological risks associated with the release of hybrid groupers into Hong Kong's coastal waters, a practice often linked to religious 'mercy release' rituals. Their study highlights how the Tiger Grouper-Giant Grouper hybrid (TGGG), also known as the Sabah grouper, disrupts local marine ecosystems by exploiting unique ecological niches and potentially becoming a dominant predator. This research, the first to use advanced DNA metabarcoding to analyze the diet...

      

      
        Technology for oxidizing atmospheric methane won't help the climate
        Atmospheric scientists show proposed 'geoengineering' effort to remove methane, a potent greenhouse gas, from the atmosphere could worse air quality while providing minimal climate benefits.

      

      
        Research on past hurricanes aims to reduce future risk
        New research emphasizes that studying the impacts of past tropical storms can help communities better prepare for future storms. A key part of the study is analyzing the types and quantities of storm-related precipitation in affected regions to understand its role on local water resources. By mitigating excessive damage, such preparation could enable more people to remain in their home countries. This is increasingly urgent as climate change is expected to make tropical storms 10-15% more frequen...

      

      
        Extreme rain heightens E. coli risks for communities of color in Texas
        Nobody wants to share a day on the water with E. coli. The bacteria is a sure sign of fecal contamination, which is washed into waterways from farm fields or sewage systems by rain. The microbes are also dangerous exposure to E. coli can lead to illness, hospitalization and even death.

      

      
        Researcher studies the power of native plants to combat road salt pollution
        Salt pollution from road deicing salts threatens freshwater ecosystems and urban green infrastructure. New research on salt-tolerant plants like cattails highlights their potential role in mitigating this pollution, though broader strategies are essential for long-term solutions.

      

      
        Bacteria in polymers form cables that grow into living gels
        Experiments and modeling reveal the unexpected structure that can be seen in bacteria grown in mucus samples and biofilms.

      

      
        Rotavirus protein NSP4 manipulates gastrointestinal disease severity
        Researchers have improved our understanding of how rotavirus, the most common cause of acute gastroenteritis in children, makes people sick. The study is among the first to show that the rotavirus protein NSP4 is both necessary and sufficient for multiple aspects of rotavirus infection by disrupting calcium signaling not only within infected cells but also in nearby uninfected cells. These disruptions in calcium signaling affect rotavirus disease severity, providing new insights into how NSP4's f...

      

      
        Direct measurements can reduce uncertainty in soil carbon credit markets
        Scientists find a 'measure and remeasure' approach is a feasible method of verifying soil carbon storage in croplands for climate mitigation.

      

      
        AI transforms label-free photoacoustic microscopy into confocal microscopy
        In life sciences, confocal fluorescence microscopy (CFM) is widely regarded for producing high-resolution cellular images. However, it requires fluorescent staining, which poses risks of photobleaching and phototoxicity, potentially damaging the cells under study. Conversely, mid-infrared photoacoustic microscopy (MIR-PAM) allows for label-free imaging, preserving cell integrity. Yet, its reliance on longer wavelengths limits spatial resolution, making it difficult to visualize fine cellular stru...

      

      
        Three million years ago, our ancestors were vegetarian
        Human ancestors like Australopithecus -- which lived around 3.5 million years ago in southern Africa -- ate very little to no meat, according to new research. This conclusion comes from an analysis of nitrogen isotope isotopes in the fossilized tooth enamel of seven Australopithecus individuals. The data revealed that these early hominins primarily relied on plant-based diets, with little to no evidence of meat consumption.

      

      
        Researchers (plus dogs) discover new truffle species
        Researchers, citizen scientists and their 'truffle dogs' -- have discovered two new species of truffle. Tuber canirevelatum, meaning the 'dog-found' truffle, was named in honor of truffle dogs and Monza, the dog who discovered it with her trainer Lois Martin. The other, Tuber cumberlandense, was named for the Cumberland Plateau where it was found by Margaret Townsend and her truffle dog, Luca.

      

      
        Reading the genome and understanding evolution: Symbioses and gene transfer in leaf beetles
        Scientists explored the evolutionary success of leaf beetles, the most diverse herbivores on Earth. They showed that symbioses with bacteria have evolved repeatedly and independently in different beetle lineages, and contribute significantly to the efficient digestion of plant food. These symbiotic relationships provide clues as to how genetic material was exchanged between bacteria and beetles. Key findings highlight the role of horizontal gene transfer, the incorporation of foreign bacterial ge...
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Imagining the physics of George R.R. Martin's fictional universe | ScienceDaily
Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.


						
In independent research published in the American Journal of Physics, from AIP Publishing, Tregillis and George R.R. Martin derive a formula for viral behavior in the Wild Cards universe. 

Wild Cards is a science fiction series written by a collection of authors and edited by Martin and Melinda M. Snodgrass. Sitting at over 30 volumes, the books are about an alien virus called the Wild Card that mutates human DNA. Martin is credited as a co-author of the paper, making it his first peer-reviewed physics publication.

The idea to explore the science behind the fictional virus came from a series of blog posts on the Wild Cards website.

"Like any physicist, I started with back-of-the-envelope estimates, but then I went off the deep end. Eventually I suggested, only half-jokingly, that it might be easier to write a genuine physics paper than another blog post," Tregillis said. "Being a theoretician, I couldn't help but wonder if a simple underlying model might tidy up the canon."

The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

Tregillis shared that deriving this physical model was a fun but open-ended puzzle. After some trial and error of models based on fractals or thermodynamic analogies, he and Martin settled on the Lagrangian approach.

"We translated the abstract problem of Wild Card viral outcomes into a simple, concrete dynamical system. The time-averaged behavior of this system generates the statistical distribution of outcomes," he said.

While the Wild Card virus can be modeled by physics, Tregillis emphasized that it isn't a hard-and-fast rule in the canon.

"Good storytelling is about characters: their wants, needs, obstacles, challenges, and how they interact with their world," Tregillis said. "The fictional virus is really just an excuse to justify the world of Wild Cards, the characters who inhabit it, and the plot lines that spin out from their actions."
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New twist in mystery of dinosaurs' origin | ScienceDaily
The remains of the earliest dinosaurs may lie undiscovered in the Amazon and other equatorial regions of South America and Africa, suggests a new study led by UCL (University College London) researchers.


						
Currently, the oldest known dinosaur fossils date back about 230 million years and were unearthed further south in places including Brazil, Argentina and Zimbabwe. But the differences between these fossils suggest dinosaurs had already been evolving for some time, pointing to an origin millions of years earlier.

The new study, published in the journal Current Biology, accounted for gaps in the fossil record and concluded that the earliest dinosaurs likely emerged in a hot equatorial region in what was then the supercontinent Gondwana -- an area of land that encompasses the Amazon, Congo basin, and Sahara Desert today.

Lead author and PhD student Joel Heath (UCL Earth Sciences and the Natural History Museum, London) said: "Dinosaurs are well studied but we still don't really know where they came from. The fossil record has such large gaps that it can't be taken at face value.

"Our modelling suggests that the earliest dinosaurs might have originated in western, low-latitude Gondwana. This is a hotter and drier environment than previously thought, made up of desert- and savannah-like areas.

"So far, no dinosaur fossils have been found in the regions of Africa and South America that once formed this part of Gondwana. However, this might be because researchers haven't stumbled across the right rocks yet, due to a mix of inaccessibility and a relative lack of research efforts in these areas."

The modelling study drew on fossils and evolutionary trees of dinosaurs and their close reptile relatives, as well as the geography of the period. It accounted for gaps in the fossil record by treating areas of the globe where no fossils had been found as missing information rather than areas where no fossils exist.




Initially, early dinosaurs were vastly outnumbered by their reptile cousins.

These included the ancestors of crocodiles, the pseudosuchians (an abundant group including enormous species up to 10 metres long), and pterosaurs, the first animals to evolve powered flight (flying by flapping wings rather than gliding), who grew as big as fighter jets.

By contrast, the earliest dinosaurs were much smaller than their descendants -- more the size of a chicken or dog than a Diplodocus. They walked on two legs (were bipedal) and most are thought to have been omnivores.

Dinosaurs became dominant after volcanic eruptions wiped out many of their reptile relatives 201 million years ago.

The new modelling results suggested that dinosaurs as well as other reptiles may have originated in low-latitude Gondwana, before radiating outwards, spreading to southern Gondwana and to Laurasia, the adjacent northern supercontinent that later split into Europe, Asia and North America.

Support for this origin comes from the fact it is a midpoint between where the earliest dinosaurs have been found in southern Gondwana and where the fossils of many of their close relatives have been discovered to the north in Laurasia.




As there is uncertainty about how the most ancient dinosaurs were related to one another and to their close relatives, the researchers ran their model on three proposed evolutionary trees.

They found strongest support for a low-latitude Gondwanan origin of the dinosaurs in the model that counted silesaurids, traditionally regarded as cousins of dinosaurs but not dinosaurs themselves, as ancestors of ornithischian dinosaurs.

Ornithischians, one of the three main dinosaur groups that later included plant eaters Stegosaurus and Triceratops, are mysteriously absent from the fossil record of these early years of the dinosaur era. If silesaurids are the ancestors of ornithischians, this helps to fill in this gap in the evolutionary tree.

Senior author Professor Philip Mannion (UCL Earth Sciences) said: "Our results suggest early dinosaurs may have been well adapted to hot and arid environments. Out of the three main dinosaur groups, one group, sauropods, which includes the Brontosaurus and the Diplodocus, seemed to retain their preference for a warm climate, keeping to Earth's lower latitudes.

"Evidence suggests the other two groups, theropods and ornithischians, may have developed the ability to generate their own body heat some millions of years later in the Jurassic period, allowing them to thrive in colder regions, including the poles."

The earliest known dinosaurs include Eoraptor, Herrerasaurus, Coelophysis, and Eodromaeus.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250123113057.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Rare pterosaur fossil reveals crocodilian bite 76m years ago | ScienceDaily
The fossilised neck bone of a flying reptile unearthed in Canada shows tell-tale signs of being bitten by a crocodile-like creature 76 million years ago, according to a new study published today [23 January] in the Journal of Palaeontology.


						
The juvenile pterosaur vertebra, discovered in Dinosaur Provincial Park, Alberta, bears a circular four-millimetre-wide puncture mark from a crocodilian tooth. Researchers from the Royal Tyrrell Museum of Palaeontology (Canada), the University of Reading (UK) and the University of New England (Australia) say this rare evidence provides insight into predator-prey dynamics in the region during the Cretaceous Period.

The discovery was made during an international field course that took place in July 2023, led by Dr Brian Pickles from the University of Reading.

Dr Caleb Brown from the Royal Tyrrell Museum of Palaeontology is the lead author of the paper. He said: "Pterosaur bones are very delicate -- so finding fossils where another animal has clearly taken a bite is exceptionally uncommon. This specimen being a juvenile makes it even more rare."

Dinosaur Provincial Park has produced some of the most important dinosaur fossil discoveries ever made.

The punctured vertebra belongs to a young Azhdarchid pterosaur (Cryodrakon boreas), with an estimated wingspan of two metres. Adults of this species would have been as tall as a giraffe with a wingspan in the region of 10m.

The researchers used micro-CT scans and comparisons with other pterosaur bones to confirm the puncture is not a result of damage during fossilisation or excavation, but an actual bite.

Dr Brian Pickles from the University of Reading and co-author of the paper said: "Bite traces help to document species interactions from this period. We can't say if the pterosaur was alive or dead when it was bitten but the specimen shows that crocodilians occasionally preyed on, or scavenged, juvenile pterosaurs in prehistoric Alberta over 70 million years ago."

The paper also shows that this new bone documents the first evidence in North America of ancient crocodilians opportunistically feeding on these giant prehistoric flying reptiles. Other examples of Azhdarchid bones with possible crocodilian bites have previously been found in Romania.
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Curiosity- driven experiment helps unravel antibiotic-resistance mystery | ScienceDaily
An international collaboration has achieved an important breakthrough in understanding the genetic mechanisms that allow bacteria to build resistance to drugs.


						
Bacteria have multiple defence mechanisms they can use to build resistance to antibiotics, one of the major problems facing public health globally.

One of these mechanisms involves plasmids, small DNA molecules in bacterial cells, which have their own independent genome and carry antibiotic resistance.

If we can work out the roles plasmids play inside bacteria, then we can use the information to develop a new generation of therapeutics that can target drug resistant infections.

John Innes Centre researchers and partners used a model plasmid called RK2 that is used globally to study clinically relevant plasmids that transmit antimicrobial resistance.

Their initial focus was a molecule called KorB which is essential for plasmids to survive within their bacterial hosts. This DNA-binding protein was previously known to have played a role in controlling gene expression but how this happens was unclear.

To figure this out they teamed up with leading experts from Madrid, New York and Birmingham, UK..




Using advanced microscopy and protein crystallography techniques, the research team discovered that KorB interacts with another molecule called KorA. This KorB-KorA regulatory system shuts down bacterial gene expression, KorB acting as a DNA sliding clamp and KorA as a lock which holds KorB in place.

Together this complex shuts off gene expression to keep the plasmid safe within its bacterial host.

This newly discovered mechanism offers a fresh insight into long-range gene silencing in bacteria. This is the phenomenon by which regulatory elements such as the KorB-KorA complex can interact with distant target genes, in this case switching them off so that the plasmid can survive in the bacterial host.

First author of the study Dr Thomas McLean, a postdoctoral researcher at the John Innes Centre, says the discovery is a triumph of curiosity-driven science: "Originally this project set out to focus on KorB. Then a lucky "Friday afternoon" experiment, which was done purely of curiosity, brought our focus onto the ability for KorA to clamp KorB in the right place at the right time. This was a huge breakthrough that drastically changed the direction of the project. Our study provides a new paradigm for bacterial long-range gene regulation and offers a target for novel therapeutics to destabilise plasmids in their host and re-sensitise them to antibiotics."

The study solves a decades long conundrum in the field, of how the critical protein KorB controls when genes are switched on and off in the multi-drug-resistant plasmid RK2 in bacteria.

The research is being expanded to include more clinically relevant plasmids and to probe further into the KorB-KorA mechanism to see how it disassembles at the correct time.

KorB switching from DNA-sliding clamp to repressor mediates long-range gene silencing in a multi-drug resistance plasmid is in Nature Microbiology.
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Claims for the world's deepest earthquake challenged by new analysis | ScienceDaily
The magnitude 7.9 Bonin Islands earthquake sequence, which ruptured deep within the earth near the base of the upper mantle, did not include an aftershock that extended to record depths into the lower mantle, according to a study in The Seismic Record.


						
When Hao Zhang of the University of Southern California and colleagues re-examined the aftershock sequence of the May 2015 earthquake, they did not find evidence for a 751-kilometer-deep aftershock as reported by previous researchers. This aftershock has been called the deepest earthquake ever recorded.

Instead, their study found a distribution of aftershocks that is compatible with a 12-kilometer sliver of a mantle mineral called olivine that could shed light on how deep earthquakes can occur.

The Bonin Islands earthquake, which ruptured 1000 kilometers offshore of Japan in a remote part of the Pacific Ocean, is one of the deepest and largest earthquakes ever recorded. The earthquake took place within the Izu-Bonin subduction zone 680 kilometers below the Earth's surface.

The mechanisms behind deep earthquakes -- those occurring 500 kilometers or deeper -- are something of a mystery to seismologists. Extremely high pressures and temperatures at these depths make rock more likely to bend or deform plastically, rather than break in the brittle fashion that causes earthquake rupture at shallower depths.

These earthquakes also typically produce few aftershocks, Zhang noted, which could provide useful data to understand how these deep events are generated at subduction zones.

Plastic deformation "limits the formation of extensive fracture networks that would typically generate aftershocks," he said. "Additionally, the high confining pressures promote efficient redistribution of stress following the mainshock, further reducing the likelihood of subsequent seismic events."

One previous study of the Bonin Islands earthquake reported a foreshock sequence for the event, while a second study detected a potentially record-breaking deep aftershock in the lower mantle.




"Both findings could significantly advance our understanding of deep earthquakes, if accurate," said Zhang. "However, these two catalogs are inconsistent, and both have methodological limitations. Therefore, it is essential to re-examine the aftershock sequence using improved techniques."

To gain a better look at the deep and remote earthquake, Zhang and colleagues turned to data collected by a dense seismic array in Japan called Hi-Net, using a combination of techniques to precisely locate seismic signals coming from the event.

Their new analysis detected no foreshocks but identified 14 aftershocks in the upper mantle within a 150-kilometer radius of the earthquake's hypocenter. One set of aftershocks aligned with the rupture plane of the earthquake one week after the mainshock, with a second set dispersing over a wider area during the second week.

"While it remains challenging to definitely reject the existence of seismicity initiated in the lower mantle and its associated mechanisms, our results do reject the most compelling lower mantle seismicity claim to date," the researchers write in their paper.

The aftershock pattern is compatible with the presence of a metastable olivine wedge or MOW, the researchers suggested. In a subducting slab, olivine can delay its transition into other mineral states under high temperature and pressure. "This delayed transformation may generate stress and release energy, potentially triggering deep earthquakes," Zhang said.

With MOWs as potential earthquake nucleation sites, some researchers have proposed this mechanism of transformational faulting as one of the main ways that deep earthquakes occur, he added.

"Furthermore, MOWs offer insights into the thermal structure and behavior of subducting slabs, with colder slabs being more likely to preserve metastable olivine at greater depths," Zhang added. "By studying MOWs, we can refine models of deep earthquake generation and improve our understanding of the dynamic processes in Earth's interior."
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Solving the evolutionary puzzle of polyploidy: how genome duplication shapes adaptation | ScienceDaily
Evolution is the basis of biological diversity, driven by mechanisms that allow organisms to adapt and survive. One such mechanism is polyploidy, where organisms carry extra copies of their genomes. While polyploidy provides genetic redundancy by allowing mutations without affecting survival, it can also slow evolutionary progress by diluting beneficial mutations. This paradox has intrigued scientists for many years now, and a recent study from Earth-Life Science Institute (ELSI) at Institute of Science Tokyo offers new insights into polyploidy's role in evolution. Led by ELSI's Specially Appointed Associate Professor Tetsuhiro Hatakeyama, with contributions from the co-author, Associate Professor of Tokyo Metropolitan University Ryudo Ohbayashi, the study combines theoretical models and biological observations to explore how polyploidy affects genetic variance and evolution. The team's findings suggest that polyploidy can be both, a barrier and a driver of evolutionary change, depending on how innovative evolution is required to adapt to the environment.


						
Hatakeyama's interest in polyploidy traces back to his early work in molecular biology during his master's course, where he studied cyanobacteria experimentally. At the time, he wondered why these organisms had multiple copies of their genome. Though he couldn't resolve the mystery, his later work in theoretical physics led him and Ohbayashi to propose an answer after over 15 years. Hatakeyama explains, "We constructed a theoretical model in the simplest form we could imagine, and through this model, we found that polyploidy slows evolution in stable environments, where gradual evolution is required, but drives evolutionary innovation required to adapt to extreme conditions."

The study distinguishes between smooth fitness landscapes, where organisms' phenotype changes gradually, and rugged landscapes, where organisms must undergo significant phenotypic shifts to survive. Polyploid organisms evolve more slowly in the smooth fitness landscapes due to reduced genetic variance, making it harder for beneficial mutations to take hold. Ohbayashi adds, "However, in rugged landscapes, polyploidy accelerates the development of novel traits by increasing the probability of significant genetic shifts."

The researchers suggest that two major evolutionary theories -- Fisher's fundamental theorem of natural selection and Susumu Ohno's neofunctionalisation by gene duplication -- are not mutually exclusive. Instead, both theories play critical roles depending on whether rare evolutionary events are required for survival.

A key mechanism behind this accelerated evolution is "skewness" -- the biased distribution of genetic information across multiple copies of genomes. This allows polyploid cells to harbour beneficial mutations in some genomes while maintaining overall fitness, facilitating the development of new traits without compromising survival. The study pioneers a groundbreaking application of large deviation theory, a concept that explains rare events. It shows how rare but significant evolutionary changes are more likely in polyploid organisms by explaining the contribution of biased information to rare evolutionary events.

The findings are particularly relevant to studying microbes living in extreme environments, many of which are polyploid. In addition, these insights can help explain why polyploidy is advantageous for adaptation to harsh conditions, offering valuable implications for fields like genetic engineering, industrial microbial production, drug resistance, and cancer treatment. The research connects theoretical and empirical perspectives for Hatakeyama, deepening our understanding of polyploidy's evolutionary role. "This research illuminates how polyploidy influences evolution and sets the stage for future applications in areas like engineering and medicine," he says.

The study also points to the importance of experimental verification. Future research will need to test the theoretical models, and there may be further exploration of how other mechanisms, beyond polyploidy, drive evolutionary innovation. Looking ahead, the researchers emphasise the importance of experimental studies to validate their model. Hatakeyama concludes: "This study bridges theoretical physics and evolutionary biology, shedding light on the interplay between genetic architecture and adaptability, with applications ranging from microorganisms to cancer cells."
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Stronger stress response in monkeys helps them survive | ScienceDaily
White-faced capuchin monkeys in Costa Rica who experienced more intense physiological responses to mild droughts were more fit to survive extreme drought, researchers found in a new UCLA-led study.


						
Most research on wild animals and humans is focused on the damage that stress response causes to a system -- "the wear-and-tear." In this new study, however, published in the journal of Science Advances, a team of researchers sought to examine the adaptive nature of the stress response in wild primates and how a more robust stress response might help them when faced with catastrophic events.

"We wanted to understand how the stress response adaptively helps these individuals survive greater challenges," Susan Perry, a UCLA evolutionary anthropologist, field primatologist and co-author of the study, said.

In the absence of an experimental design that could apply the same stressor to all individuals in a population, the researchers took advantage of a natural experiment -- a particularly severe El Nino drought -- to investigate the relationship between hormonal responses to this extreme stressor and survival outcomes of white-faced capuchins at the Lomas Barbudal Capuchin Monkey Project in Guanacaste, Costa Rica.

In Guanacaste, Perry and a team of researchers have been documenting the lives of monkeys and studying their social behaviors and survival strategies for 35 years. For this particular study, Perry's research group (including current and former graduate students, and research assistants Irene Godoy, Ashley Mensing, Juliane Damm and Colleen Gault) collaborated with University of Michigan researchers Jacinta Beehner and Sofia Carrera.

How a drought led to discovery

The El Nino drought that spread across Central and South America from 2014 to 2016 was the biggest in recent history and led to the deaths of many monkeys. While devastating for the monkeys and the researchers who have studied them for so long, Perry's team was able to make use of the environmental circumstances and samples collected from the six years prior to study the relationship between the endocrinologic stress response and survival in the white-faced capuchins.




During the drought, the monkeys started to lose weight, revealing vertebrae and rib cages, and mothers even rejected caring for and nursing their infants, abandoning them to go forage. Monkeys who would normally babysit infants in a mother's absence also were not taking on child care responsibilities. Mortality rates soared, particularly for infants and older females. This was the only time in Perry's long-term study that these monkeys, who are usually behaviorally flexible, failed to adapt to an environmental stressor by simply changing how they behaved (e.g., changing their diet).

For 14 female monkeys who survived and 14 who had died, the researchers analyzed glucocorticoid levels in fecal material that had been collected from them in the six years prior to the El Nino drought (2008-2013). Glucocorticoids are steroid hormones that regulate metabolism, inflammation and the immune system.

What glucocorticoids in monkey fecal matter revealed

The researchers discovered that the monkeys who showed a steeper rise in these stress hormones during the mild droughts were more likely to survive the severe El Nino drought than those monkeys who experienced less of a stress response. The findings controlled for other conditions known to affect these hormone levels, such as pregnancy and time of day.

With a clearer picture of what an adaptive stress response looks like for this species and population, Perry's team can begin to ask questions about the origin and maintenance of individual differences in the endocrine stress response and whether these differences affect survival.

The study also puts a spotlight on the value of long-term studies in the face of climate change. As weather intensifies globally, longitudinal studies of how wild animals cope with changes in temperature, rainfall and food availability can help us understand which species can adapt rapidly through learning or physiological flexibility and which species lack the ability to cope with major environmental changes during their lifetimes. This knowledge can be useful for conservation reasons. For example, a population of highly endangered animals that cannot quickly adapt to change might need to be moved to a place that now has climatic conditions that match the environment in which that population evolved.
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T cells rise up to fight infections in the gut | ScienceDaily
Your gut is a battleground. The cells that line your small intestine have to balance two seemingly contradictory jobs: absorbing nutrients from food, while keeping a wary eye out for pathogens trying to invade your body.


						
"This is a surface where pathogens can sneak in," says La Jolla Institute for Immunology (LJI) Assistant Professor Miguel Reina-Campos, Ph.D. "That's a massive challenge for the immune system."

So how do immune cells keep the gut safe? New research led by scientists at LJI, UC San Diego, and the Allen Institute for Immunology shows that pathogen-fighting immune cells called tissue-resident memory CD8 T cells (TRM cells) go through a surprising transformation -- and relocation -- as they fight infections in the small intestine.

In fact, these cells literally rise up higher in the tissue to fight infections before pathogens can spread to deeper, more vulnerable areas.

"The tissue in the gut has evolved to provide signals to immune cell infiltrates -- to put immune cells in specific places so they have a better ability to stop pathogens," says Reina-Campos, who served as first author of the new Nature study alongside co-first author Alexander Monell of UC San Diego and co-senior authors Maximilian Heeg, M.D., and Ananda W. Goldrath, Ph.D., of the Allen Institute for Immunology and UC San Diego.

The new findings add to the growing body of evidence that immune cells adapt to protect specific tissues. Reina-Campos thinks these "tissue-resident" immune cells may be key players in future cancer immunotherapies that target tumors in specific organs.

T cells on the move

Reina-Campos and his colleagues investigated the formation of TRM cells in the small intestine. The team harnessed a cutting-edge technology called spatial transcriptomics to track these cells in both human and mouse tissue samples.




Their work showed that the small intestine holds two types of TRM cells. These cells are split between the tiny, finger-like "villi" structures that line the small intestine or the "crypts" between the protruding villi.

The researchers found that progenitor-like TRM cells live closer to the crypts between the villi. On the other hand, differentiated TRM occupy more exposed regions at the top of the villi. "Differentiated immune cells are more exposed at the top of the villi, and that's where they have a better ability to protect you from infections," says Reina-Campos.

Meanwhile, a reserve population of progenitor-like TRM cells continues to lie low in the crypts. "These cells can replenish the pool of effector T cells, so the immune system keeps them as back-ups in the deeper parts of the tissue," adds Reina-Campos.

What keeps these populations organized and in check?

To spy on these important immune cells within their natural habitat, Reina-Campos and colleagues used a new technology -- called spatial transcriptomics -- to observe millions of messenger RNA molecules simultaneously at subcellular resolution.

"For the first time, we were able to capture the formation of immunological memory in space and time," says Reina-Campos.




Looking at small intestines after a viral infection, the scientists found that the gut releases chemical signals to instruct immune cells where to go and what to do. "This study offers a new resource for finding signals that position immune residents to strengthen our gut immunity," says Reina-Campos.

Checkmate for disease?

Reina-Campos credits his mentor, Goldrath, as well as Heeg's and Monell's expertise for making this study possible. As Reina-Campos explains, Heeg and Monell developed new computational approaches to make sense of the massive amounts of data captured through spatial transcriptomics.

"It's led to a breakthrough in our ability to look at hundreds to thousands of genes simultaneously in intact tissues," says Reina-Campos. "With this study, we've opened up a new path for discovery."

Reina-Campos compares the battle between immune cells and pathogens to a chess match.

"To be a chess grandmaster, you need to know not only about the pieces: the bishops, pawns, rooks, etc, but also how they move in concert on the chessboard," he says.

For a long time, scientists have studied the chess pieces -- by analyzing cells extracted from tissue -- but they haven't gotten a good look at the chess match itself. "We don't know as much about how the chessboard works -- and we know even less about the rules that apply to our chess pieces as they move across the board," says Reina-Campos.

The new study gives researchers a detailed look at how immune cells interact with each other and their cellular gameboard.

Reina-Campos says the new finding should guide future research into how immune cells develop and move through other organs with different tissue structures, such as the kidneys and lungs -- and how immune cells might fight tumors in these organs.
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Float like a jellyfish: New coral mobility mechanisms uncovered | ScienceDaily
When it comes time to migrate, QUT research has found how a free-living coral ignores the classic advice and goes straight towards the light.


						
The research -- led by Dr Brett Lewis from the QUT School of Atmospheric and Earth Sciences and Reef Restoration and Adaptation Program, and published in PLOS One -- investigated how the free-living mushroom coral Cycloseris cyclolites moves, navigates and responds to light in its natural environments.

"Not all corals are attached to the substrate; some are solitary and free-living, allowing them to migrate into preferred habitats," Dr Lewis said.

"However, the lifestyle of these mobile corals, including how they move and navigate for migration, remains largely obscure."

Cycloseris cyclolites is an adorably small free-living species of mushroom coral capable of migrating to different reef habitats, often driven by the search for optimal light conditions.

Using high-resolution time-lapse imaging, the team identified that Cycloseris cyclolites was able to move via a mechanism known as pulsed inflation, a process where the coral inflates and deflates its tissue in rhythmic bursts to propel itself forward, like the movement seen in jellyfish.

The mechanism appears to be a widespread strategy for free-living corals, aiding in functions such as self-righting when turned upside down, sediment rejection when buried during storms and now phototaxis -- behaviours that help the coral survive in complex environments.




"Our findings suggest that pulsed inflation is not just a survival strategy but a critical mechanism for migration and navigation," Dr Lewis said.

"The ability of Cycloseris cyclolites to move towards specific light sources is a fascinating parallel to other marine species like jellyfish, which suggests they are more neurologically sophisticated than previously thought."

Cycloseris cyclolites was also shown to exhibit a strong preference for blue light, with 86.7 per cent of the corals moving towards blue light sources, compared to just 20 per cent for white light.

The ability of these migratory mushroom corals to distinguish between different wavelengths of light aligns with their preference for deeper water habitats, where blue wavelengths dominate, and could be crucial for their migration to optimal depths for survival, reproduction and dispersal.

Providing new insights into coral mobility mechanisms, the findings show just how closely related these corals are to jellyfish mechanisms which have been previously researched as a key point in the evolution of the centralised nervous system humans possess today.

"The findings also have important ecological implications," Dr Lewis said.

"Understanding their movement strategies could help scientists predict how migratory corals might resist, survive or adapt to changes in environmental conditions such as sea surface changes caused by climate change, which can be reduced by the deeper waters these corals migrate to.

"With these climate-driven factors increasing, the faster the migration, the higher the chance of survival."
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Biodegradable nylon precursor produced through artificial photosynthesis | ScienceDaily
Nylon, the durable and elastic material, is like other plastics made from chemicals found in fossil fuels. Biodegradable plastics based on biomass-derived compounds are attracting attention as an alternative to conventional plastics, and Osaka Metropolitan University scientists have now synthesized biodegradable nylon precursors.


						
Professor Yutaka Amao's team at the Research Center for Artificial Photosynthesis previously reported on a method for producing raw materials for biodegradable plastics from biomass-derived compounds. A polyester-type biodegradable plastic could be formed by using L-lactic acid as the raw material for polylactic acid.

This time, by using L-alanine, an amino acid with a similar structure, the team created raw material for a nylon-type biodegradable plastic. Artificial photosynthesis technology was developed with the addition of the biocatalyst L-alanine dehydrogenase, which combines ammonia with pyruvate to produce L-alanine, to the photoredox system composed of a dye and a catalyst.

"We have also succeeded in synthesizing the precursor of biodegradable nylon poly-L-alanine using solar energy," Professor Amao declared. "In the future, we hope to achieve the synthesis of nylon precursors that have a low impact on the environment, with the aim of producing L-alanine through artificial photosynthesis using ammonia derived from biomass compounds."

The findings were published in Sustainable Energy & Fuels.
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Dining out with San Francisco's coyotes | ScienceDaily
As their traditional dining options dwindle and natural areas give way to restaurants, homes and sidewalks, the coyotes of San Francisco are shifting what they eat.


						
Scientists from the University of California, Davis, wanted to understand what San Francisco's coyotes are eating, and how their diet is changed and shaped by the city's landscape, which can vary from block to block.

Their study, published in the journal Ecosphere, found that the number of restaurants and amount of pavement or "impervious surfaces" within the city heavily influenced what the coyotes ate. Coyote consumption of rats was highest where restaurant density was highest, and consumption of human-sourced food was highest in the most heavily paved parts of the city.

The findings can help inform and prioritize management strategies to protect native coyotes and reduce human-wildlife conflicts.

What San Francisco's coyotes are eating

So what are coyotes eating in San Francisco?

"A lot of human-provided food," said lead author Tali Caspi, a Ph.D. candidate with the UC Davis Department of Environmental Science and Policy and with the UC Davis School of Veterinary Medicine's Mammalian Ecology and Conservation Unit (MECU). "Chicken is a really big diet item; we found it in 72% of the scat samples analyzed in the study."

However, a natural prey source, pocket gophers, comprised the next most popular food source, found in about 57% of the scats collected, followed by pig (human-sourced) and racoon (natural). While some people have expressed concern about coyotes eating cats, felines were rare in the dietary analysis, detected in 4.5% of samples.




Scat and DNA analysis

To reach their findings, the authors collected more than 700 coyote scat samples from throughout San Francisco between September 2019 and April 2022. They brought them to UC Davis for lab analyses at MECU, within the Veterinary Genetics Laboratory. Genotyping matched fecal samples to individual coyotes, while DNA metabarcoding quantified diet composition.

Caspi notes that while the analysis reveals food sources, it does not differentiate among, for example, a backyard chicken, takeout from a dumpster, or chicken found in pet food.

The research also showed that coyotes in more urbanized parts of the city, such as Telegraph Hill near Coit Tower or Bernal Hill, ate more human-sourced food than coyote neighbors with more green space, such as in the Presidio or Golden Gate Park.

The scientists also observed that diets among coyote family groups were highly varied, while diets among members of the same family varied little.

"This study highlights the huge range of dietary and habitat affinities of coyotes as a species," said senior author Ben Sacks, director of the MECU at UC Davis. " That is a trait for which they are already well-known, but the study also joins a growing body of evidence pointing to relatively narrow proclivities of coyotes as individuals. They tend to stick with what they know."

Living among coyotes




Coyotes are native to San Francisco. Extirpated in the early 1900s, they returned in the early 2000s and now share space with more than 870,000 people on 47 square miles -- the second-most densely populated major city in the United States -- with water on three sides.

There are many things people can do to respectfully share space with coyotes and reduce human-wildlife conflict. This includes keeping cats indoors, not leaving pet food outside, securely disposing food waste and, perhaps most importantly: "Don't feed coyotes," Caspi said. "There's a misconception that coyotes are starving and need our help finding food in San Francisco, and clearly they don't."

Coping with urban life

From song sparrows in Portland, Oregon varying their song frequencies to cockatoos in Australia opening trash cans, the study joins the body of literature showing behavioral differences within cities among the same species.

"There are a lot of different ways to survive city life as an animal," Caspi said. "It speaks to the plasticity and resilience of these species to see all of these different strategies for coping with urban life."

Additional coauthors include Monica Serrano and Stevi Vanderzwan of UC Davis, independent researcher Janet Kessler, and Christopher Schell of UC Berkeley.

The study was funded by a Christine Stevens Wildlife Award from the Animal Welfare Institute, the UC Davis Center for Community and Citizen Science, and additional supporting grants from UC Davis and UC Berkeley. Caspi also acknowledged the contributions of community scientists via iNaturalist. The online network helped lead her to fresh scat samples and even helped her trace a rare lab analysis of fin whale in a coyote's diet to a nearby beached fin whale recorded on the app.
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Many Roads Lead to... the embryo | ScienceDaily
Is there only one optimal configuration an organism can reach during evolution? Is there a single formula that describes the trajectory towards the optimum? And can we 'derive' it in a purely theoretical fashion? A team of researchers, including from the Institute of Science and Technology Austria (ISTA), has answers. Their mathematical model forecasts the ideal body plan of a fruit fly's early embryo, suggesting that evolution might had many optimal options at its disposal.


						
It is hypothesized that optimization is the secret sauce for many of nature's fascinating phenomena, suggesting the world is driven toward a state of minimal energy, the most efficient output, or the highest fitness. Whether it is pods of whales or collectives of tiny cells, life's building blocks have been selected to self-organize close to peak efficiency.

The development of an animal embryo, from a small cluster of cells to a multicellular organism, might also have been optimized and fine-tuned to an almost perfect system. However, a precise mathematical formula predicting the optimal structure has been elusive until now.

Physicists from the Institute of Science and Technology Austria (ISTA), the Frankfurt Institute for Advanced Studies, and Princeton University now present exactly that: A theoretical model of the fruit fly's early embryonic development, nearly two decades in the making. With their detailed model, they could theoretically derive and thus predict the optimal 'wiring' of the gene-regulation network that controls the early developmental processes. The results are published in PNAS.

Evolution = Optimization

Evolution is the driving force for every organism. Given its environment, an organism adapts, survives, and withstands selective pressure. "Adaptation can be seen as an optimization process, or at least as a process that requires optimization of certain traits and functions," explains Thomas Sokolowski, first author of the study.

Compared to physical systems, where optimization typically leads to a final state with the lowest energy, biological systems seem to have multiple optimal solutions for the same problem. For instance, eyes evolved independently in various animals, yet their overall structure is remarkably similar across species.




"Eyes were optimized for the same well-defined objective function, which is maximal uptake of light and its encoding into neural spikes. They are therefore strongly dictated by laws of physics. Nuanced differences between animals may be explained by differences in the side circumstances under which they evolved," Sokolowski continues.

Also for the development of various embryos, many diverse strategies have evolved. They all share the same outcome: a highly precise and reproducible body plan. While these strategies were likely shaped and improved by evolution to serve specific purposes, it is quite difficult to pinpoint which purpose dominated the optimization process.

"It is increasingly clear how an embryo develops, but it is not clear which mathematical function guides the system to come together," Sokolowski says. "It's like finding a mathematical needle in the biological haystack."

The fruit fly

Drosophila, as biologists refer to it, is a widely studied organism, probably best known for the 1995 Noble Prize-winning work of Eric Wieschaus, Christiane Nusslein-Volhard, and Edward B. Lewis. They identified the genes that are crucial for the correct development of the fly, in particular, the so-called "gap genes" and morphogen (signaling molecule) gradients that control them.

The gap gene network plays a crucial role during the development of the embryo's head-to-tail axis. This "genetic positioning system" helps individual cells acquire the right fate in the right place, ultimately forming the segmented body of a fruit fly. The varying activation levels of the gap genes form an incredibly precise "positional code" along this axis, providing each cell with exactly the right information on where they are located within the embryo.




Time flies

Already twenty years ago, work by William Bialek, Gasper Tka?ik, Curtis Callan, Aleksandra Walczak, Thomas Gregor, and others suggested that the gap gene network in the fruit fly has been fine-tuned by evolution for providing high positional information with a limited number of signaling molecules, much like providing a precise GPS signal with the smallest number of satellites. The scientists therefore came up with the key idea of finding a mathematical function to explain this phenomenon.

In the first attempt, Tka?ik and colleagues looked at simplified theoretical models that implemented only parts of the regulatory mechanisms of the gap gene network. They gradually increased the model complexity to make it more realistic. While these "toy" models did not capture all combined characteristics of the gap gene system, they still paved the way toward a full optimization attempt.

"Our early work showed that it was possible to obtain nontrivial and originally unexpected predictions for gene regulatory interactions by optimizing them for maximal information throughput under realistic biophysical and molecular resource constraints," says Tka?ik.

Meanwhile, Thomas Sokolowski and colleagues have been studying detailed stochastic models -- models that explicitly include randomness -- of spatially interacting genes akin to the gap genes. Sokolowski then joined the Tka?ik group at ISTA in 2014, which created a unique opportunity to combine the original optimization approach with detailed spatial-stochastic modeling. Together, the scientists quickly managed to implement a spatial-stochastic model that, on the one hand, was realistic about what happens in the actual fruit fly and, on the other hand, computationally efficient.

Initially being a simplified version with only two genes, the model was extended to the full set of four interacting gap genes and three morphogen gradients, suitable for carrying out fully-featured optimizations of the gap gene system. "Remarkably, the optimal networks we derived closely matched characteristic features of the spatial gene expression profiles observed in the real fruit fly," Tka?ik continues.

Many "optimal" ways

Additionally, the scientists found out that there is more than one optimal way for encoding positional information in the gap network. Different sets of biophysical parameters can lead to the required optimal properties of the system. While being only a tiny subset of all physically possible solutions, the optimal solutions still display a remarkable variety.

"We believe this is not a detriment, but an advantage for evolution, as the same fitness can be potentially reached by many imaginable evolutionary paths," Sokolowski suggests. "While the evolution that led to Drosophila which we study today followed one particular path, the fact that many alternative routes potentially exist may have facilitated its access to a fit organism." The more options are available, the higher are the chances to select a functional one.

To understand the processes leading to functional body plans in more detail and get a more accurate representation of the actual evolutionary dynamics, the researchers will require additional modeling that goes beyond numerical optimization of parameters. This will involve taking into account factors such as environmental influences or the mechanisms of natural selection -- an intriguing and challenging quest for future research in theoretical biology.
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From soot particle filters to renewable fuels | ScienceDaily
Carbon particles are present in many aspects of our daily lives. Soot, which consists of tiny carbon particles, is generated when energy sources such as oil or wood are not completely burned. Soot particle filters, in turn, remove the nanometer- to micrometer-sized particles from car exhaust fumes with the help of chemical surface reactions. Carbon particles could also be used in industry, because at temperatures above 1000 degrees Celsius, carbon can be converted with carbon dioxide (CO2) and water into precursors of synthetic fuels. In both applications, chemical reactions occurring on the carbon surface are essential, yet the conditions under which specific reaction pathways dominate are not fully understood.


						
Carbon particles are degraded by nitrogen dioxide and oxygen

Scientists from the Max Planck Institute for Chemistry (MPIC) can now better explain what happens during the oxidation of carbon nanoparticles in the particulate filter. They examined what happens to the tiny soot particles under conditions that are typical for vehicle exhaust gases from diesel engines. At temperatures ranging from approximately 270 to 450degC, the carbon interacts with the reactive gases nitrogen dioxide (NO2) and oxygen (O2). The gases oxidize the carbon and thus break it down. The result: the higher the temperature, the faster the carbon mass vanishes. The researchers subsequently entered the experimental data into a kinetic multi-layer model known as KM-GAP-CARBON.

The modeling unveils what happens chemically: at lower temperatures, carbon decomposition is dominated by nitrogen dioxide, whereas at higher temperatures it is dominated by oxygen. This change in dominant reaction pathways is marked by a gradual shift in the activation energy that is necessary for a chemical reaction to take place.

Chemical model stems from atmospheric aerosol research

"Our model was originally designed to describe the chemistry of fine-dust particles in the atmosphere, but we found that it also works very well for high-temperature technical applications," says Thomas Berkemeier, the lead author of the study and research group leader at MPIC. "Our model helps us to understand why the chemical reaction pathway is influenced by temperature. It also explains a second peculiarity: in the measurements, we observe that the reaction rate is highest in the beginning and at the end of the reaction."

According to the study recently published in the journal Angewandte Chemie, the more reactive carbon atoms on the surface of carbon particles are oxidized and gasified first, leading to an accumulation of less reactive atoms on the surface. This initially leads to a form of passivation of the particles, and the oxidation process slows down. "Towards the end of the reaction, the ratio of the surface area of the particles to their volume is particularly large, which is why the volume-normalized reaction rate increases sharply again," explains Berkemeier, who aims to examine the precise structure of the particles in the future using both microscopic and spectroscopic techniques. Additionally, the chemist and his team are planning further studies on reaction kinetics to explore the effects of various oxidants and conditions.

Basic research contributes to the development of renewable fuels

Ulrich Poschl, co-author and director at the Max Planck Institute for Chemistry, commented, "Our research not only enhances the understanding of fundamental processes on carbon nanosurfaces. It also opens up new avenues for technological innovations in the environmental and energy sectors, for example, through advancements in carbon capture technologies and to optimize the production conditions in the development of synthetic fuels. The results of decades of basic scientific research thus also contribute to a sustainable development of technology and society in the Anthropocene."

The term Anthropocene refers to the current geological epoch, which is characterized by the rapidly increasing and globally pervasive human influence on planet Earth and has been part of the scientific activities and research at the Max Planck Institute for Chemistry since its discovery by Nobel Prize winner Paul Crutzen.
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Fossil discovery in the Geiseltal Collection: Researchers identify unique bird skull | ScienceDaily
Around 45 million years ago, a 4.6 feet-tall (1.40 metres) flightless bird called Diatryma roamed the Geiseltal region in southern Saxony-Anhalt. An international team of researchers led by the Martin Luther University Halle-Wittenberg (MLU) and the Senckenberg Research Institute and Natural History Museum in Frankfurt report on the bird's fully preserved skull in the scientific journal Palaeontologia Electronica. The fossil was unearthed in the 1950s in a former lignite mining area in the Geiseltal in Germany. It was initially misclassified and thus led a shadowy existence until its rediscovery. The only other place that a similar skull fossil has been found is the USA.


						
The Geiseltal Saxony-Anhalt is located south-west of Halle and was a lignite mining area until 1993. Numerous exceptionally well-preserved animal fossils have been unearthed here. The Geiseltal Collection at MLU comprises 50,000 fossils and is considered a national heritage asset. These fossils offer unique insights into the evolution of animals and the Eocene Epoch around 45 million years ago. At that time, the Geiseltal was a warm, tropical swamp. Ancient horses, early tapirs, large land crocodiles as well as giant tortoises, lizards and numerous birds lived here. Some of the latter were flightless and the largest of these was Diatryma, a herbivore with a gigantic beak which stood around 4.6 feet high.

For many years no one knew that an almost completely preserved skull of Diatryma was part of the collection. "The find was initially misidentified as a crocodile skull," says Michael Stache, a geological preparator at MLU's Central Repository of Natural Science Collections. Stache came across the fossil again by chance several years ago. He realised the mistake and got down to work, restoring and then analysing the piece of skull. He combined the fossil with another object from the collection, reconstructing an almost entire skull. Dr Gerald Mayr, a researcher at the Senckenberg Institute, examined the find more closely and realised its importance: the skull clearly belonged to a Diatryma. Only one other fully preserved skull is known to exist in the world and is housed in the American Museum of Natural History in the USA.

"This shows once again that many of the most interesting discoveries in palaeontology occur in museum collections. Just a few years ago, nobody would have thought that the Geiseltal Collection would contain such surprises," says Gerald Mayr. Michael Stache also reports that there is great scientific interest in the fossils. Researchers from Germany and abroad come to MLU on a regular basis to investigate the objects. "This research expands our understanding of the Eocene Epoch in the Geiseltal even though the excavations were completed long ago," says Michael Stache. Up until ten years ago, for example, it was assumed that Diatryma hunted prehistoric horses in the Geiseltal. More recent investigations have found that the bird was, in fact, a herbivore.

There are around 40 specimens of the bird in the Geiseltal Collection. "Diatryma was probably a rare guest in the Geisetal. Otherwise, there would probably be more fossils," concludes Stache.
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Grass surfaces drastically reduce drone noise making the way for soundless city skies | ScienceDaily

Lead author Dr Hasan Kamliya Jawahar from the University of Bristol's aeroacoustic group managed by Professor Mahdi Azarpeyvand was able to demonstrate that porous ground treatments, can significantly reduce noise by up to 30 dB in low-mid frequencies and enhance thrust and power coefficients compared to solid ground surfaces. This suggests that treating roofs of building, landing pads and vertiports with porous surfaces like grass or mosses will reduce noise when drone is landing.

Dr Kamliya Jawahar based in Bristol's Faculty of Science and Engineering explained: "It was known that ground effects influence propeller performance and noise, particularly during take-off and landing.

"While noise issues are well-documented, solutions tailored to urban environments are limited.

"I drew inspiration from natural porous materials, such as vegetation, known for their noise-damping properties. This led to exploring engineered porous surfaces as a potential solution to reduce noise and improve aerodynamics."

The team conducted experiments in an anechoic chamber using a pusher propeller mounted above a ground plane. The ground was alternated between solid and porous treatments with varying porosity and thickness. Microphones placed in both near-field and far-field locations captured acoustic data, while a six-axis load cell measured aerodynamic forces. By comparing results across configurations, they were able to calculate how porous surfaces influence noise and performance under ground-effect conditions.

Dr Kamliya Jawahar said: "Vegetation is known to function as a natural porous medium, where its structural complexity and material properties such as foliage density and moisture content contribute to its noise absorption capabilities.




"It has been widely used in environmental noise reduction strategies such as roadside barriers and urban green spaces but this is the first time it is being investigated for futuristic Urban Air Mobility."

The noise reduction effect of porous ground treatments stems from their ability to modify and manage the flow dynamics near the ground. When a propeller operates close to a porous surface, the porous material absorbs some of the energy from the flow impingement reducing the velocity of the tangential wall jet -- a high-speed outwash of air along the ground -- thereby mitigating the aerodynamic interactions that contribute to noise.

Additionally, the porous structure traps portions of the impinging flow, reducing its reflection back towards the propeller. This minimizes the re-ingestion of disturbed airflows into the propeller, which are a significant source of tonal and broadband noise. The reduction in reflected turbulence and the stabilized hydrodynamic pressure field help decrease both tonal and broadband noise emissions, resulting in quieter operations. These effects are particularly pronounced in ground effect conditions.

These findings can be applied to UAM operations by enabling quieter and more efficient vehicle designs. They also support the development of noise-reducing vertiport surfaces, fostering greater community acceptance and compliance with urban noise regulations.

"Our research demonstrates that innovative porous landing surfaces can drastically reduce noise from drones and air taxis, paving the way for quieter and more sustainable urban skies," added Dr Kamliya Jawahar.
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Researchers unlock new insights into tin-based catalysts for electrochemical CO2 reduction | ScienceDaily
The global climate crisis, driven by the depletion of fossil fuels and rising atmospheric CO2 levels, has intensified the need for sustainable energy solutions. Among these, the electrochemical CO2 reduction reaction (CO2RR), particularly when integrated with renewable energy sources, has emerged as a promising approach. This process not only mitigates CO2 emissions but also addresses energy storage challenges by converting CO2 into high-value, carbon-neutral fuels. One of the standout products of CO2RR is formic acid (HCOOH), valued for its versatility in industries such as tanning, textiles, and pharmaceuticals, as well as its role as a high-energy-density liquid hydrogen storage medium.


						
"Formic acid is an indispensable chemical in various industries, and its potential as a hydrogen carrier makes it a critical component for a sustainable energy future," said Xue Jia, an assistant professor at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR). Recent techno-economic analyses have also highlighted the practicality and economic feasibility of synthesizing formic acid through CO2RR, emphasizing its adaptability for future industrial applications.

To advance the development of efficient CO2RR catalysts, Jia and her colleagues conducted a comprehensive study, analyzing over 2,300 experimental reports from the past decade. Their findings underscored the superior activity and selectivity of tin-based catalysts, such as Sn[?]N4[?]C single-atom catalysts (SAC) and polyatomic Sn, for HCOOH production. These catalysts consistently outperformed others, including metal-nitrogen-carbon (M[?]N[?]C) catalysts and various metals, in terms of formic acid Faradaic efficiency (FE).

A significant aspect of the study was the influence of pH on catalyst performance. The team's analysis revealed that the selectivity and activity of HCOOH production increase with pH levels, as demonstrated in catalysts like SnO2 and Bi0.1Sn. However, conventional theoretical models that treat pH-dependent energetic corrections as constants failed to accurately predict activity at the reversible hydrogen electrode (RHE) scale.

"By incorporating electric field effects and pH-dependent free energy formulations, we were able to analyze the selectivity and activity of catalysts under actual working conditions, which is a significant step forward," explained Hao Li, associate professor at WPI-AIMR. This advanced modeling approach provided critical insights into the reaction mechanism, enabling a deeper understanding of the pH-dependent behavior of Sn-based catalysts.

The study also addressed a longstanding challenge: understanding how the structural differences between single-atom and polyatomic Sn catalysts impact their performance. The team discovered that Sn[?]N4[?]C SAC exhibits a monodentate adsorption mode, while polyatomic Sn adopts a bidentate mode. These distinct adsorption modes result in opposite dipole moments for the intermediate OCHO, significantly influencing the catalysts' activity and selectivity for CO2RR.

"This structural sensitivity, combined with pH-dependent modeling, has provided a comprehensive understanding of Sn-based catalysts and aligned our predictions with experimental observations," said Linda Zhang, Assistant Professor at Tohoku University's Frontier Research Institute for Interdisciplinary Sciences (FRIS). The research highlights the importance of considering structural and kinetic factors, beyond conventional thermodynamic models, for precise catalyst design.

The implications of this work extend beyond CO2RR. By employing advanced computational techniques, such as density functional theory (DFT) and machine learning force fields (MLFF), the researchers demonstrated the potential of tailoring catalysts for specific reaction conditions. This approach is expected to drive the development of high-performance systems for a range of electrocatalytic processes.

"Precise modeling and advanced computational techniques are enabling us to design catalysts tailored for specific reaction conditions, paving the way for more efficient CO2 reduction technologies," adds Li. The study's integration of experimental and theoretical perspectives marks a significant step toward addressing climate challenges through innovative catalyst design.

The findings were published in the journal Angewandte Chemie International Edition, with the authors expressing their gratitude to the Tohoku University Support Program for covering the article processing charge.
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Green tea-based adhesive films show promise as a novel treatment for oral mucositis | ScienceDaily
Green tea shines as a natural powerhouse of antioxidants, with catechins leading the charge among its polyphenols, which protect cells from oxidative stress. These powerful compounds neutralize harmful free radicals generated during cancer treatment. The anti-inflammatory properties of green tea can alleviate oral mucositis, a painful inflammation of the mouth lining often caused by chemotherapy and radiation.


						
Building on these benefits, researchers at the Tokyo University of Science (TUS), Japan, have explored the potential of tea catechins in developing a novel treatment for oral mucositis that minimizes patient discomfort. Their findings were made available online on January 14, 2025 and published in Volume 10 and Issue 1 of ACS Omega on December 19, 2024. The research team, led by Professor Takehisa Hanawa, included Assistant Professor Kaoru Hirose, Ms. Rieko Nitto, and Mr. Shotaro Yokota from TUS, in collaboration with Dr. Yayoi Kawano (former lecturer at TUS, now Professor at Nagoya City University, Japan), as well as Dr. Akira Tabuchi, Ms. Yumeo Suzuki, and Dr. Kazuhiko Yamatoya from MP Gokyo Food & Chemical Co., Ltd., Japan.

In line with TUS's commitment to advancing research that supports the UN Sustainable Development Goals (SDGs), the team sought to develop an innovative and accessible treatment for oral mucositis, aligning with SDG 3 (good health and well-being) and SDG 9 (industry, innovation, and infrastructure). "Our goal was to create a formulation for oral mucositis that patients could use easily and comfortably, helping to prevent the decline in quality of life and difficulties with eating caused by cancer treatments," explains Prof. Hanawa.

Oral mucositis, a common and painful side effect of cancer treatments, affecting 30-40% of the patients, results from damage to rapidly dividing mucosal cells. This condition causes significant discomfort and interference with vital activities, such as eating and sleeping. To address this, the researchers designed a thin mucoadhesive film enriched with tea catechins, which can be applied directly to affected areas for prolonged relief. This film is a thin, flexible material that adheres to the inside of the mouth to deliver active ingredients, like medications, directly to the affected area. It offers a more convenient, inexpensive, and user-friendly alternative to mucoadhesive tablets, which often have limited usability.

The films were prepared by combining xyloglucan (Xylo), a water-soluble polymer extracted from tamarind seeds, with green tea extract (TE) which contains over 75% catechins, including more than 40% epigallocatechin gallate (EGCG). Xylo is a natural gelling agent, commonly used as a food thickener. It forms a structure similar to the mucin network in the mouth, giving the film its mucoadhesive properties. Given the easy availability, usage as food additive, and low cost of TE, which contains EGCG as well as various catechins, it was selected as a gelling agent for Xylo in this study. The researchers examined how Xylo and TE gelled together and explored the physical and chemical properties of the gels and films they produced.

The researchers developed two types of films: hydrogels, prepared by drying Xylo/TE solutions at 4 degC for 24 hours, and xerogels, which were dried for seven days, resulting in firmer, drier films. The hydrogel, however, transitioned into a liquid-like state at skin surface temperatures (35-37 degC) and became weak, breaking with just a small amount of pressure. In contrast, the xerogel films demonstrated better mucoadhesive properties, withstanding up to ten times more force and performing similarly to commercially available oral mucoadhesive films.

To test the adhesive strength of the xerogel, the researchers simulated oral conditions using mucin disks coated with artificial saliva. The film was pressed onto the disk with a plunger, and the force required to detach it was measured. The films adhered well, with detachment forces matching or exceeding those of over-the-counter products. The team also examined the release of EGCG by soaking the films in water, discovering that higher concentrations of Xylo facilitated greater EGCG release over time, highlighting their potential as mucoadhesive films.

"Xylo/TE xerogel films demonstrated high strength, hydrogel-like properties due to rapid water absorption, and adhesion forces comparable to commercial films," says Prof. Hanawa. The team is now focused on enhancing the film's design and evaluating its safety and efficacy through cell-based experiments, advancing toward a promising solution for oral mucositis.
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Fighting experience plays key role in brain chemical's control of male aggression | ScienceDaily
Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.


						
Dopamine has been linked to male aggression for decades. How past experiences might influence this relationship, however, had until now been unclear.

In experiments in rodents, a team led by researchers at NYU Langone Health boosted activity in dopamine-releasing cells in a part of the brain called the ventral tegmental area. The findings revealed that in inexperienced male fighters, this led the animals to attack for twice as long as they would have fought naturally. When the cells were blocked, the novice mice would not fight at all.

By contrast, this pattern did not hold true in males that had extensive fighting experience. Whether or not dopamine-releasing cells were boosted or blocked, the duration of attack did not change. Notably, though, the more clashes a mouse won, the more fights it would start in the future.

"Our findings offer new insight into how both 'nature' and 'nurture' shape aggression in males," said study senior author Dayu Lin, PhD. "While aggression is an innate behavior, dopamine -- and fighting experience -- is essential for its maturation during adulthood," added Lin, a professor in the Departments of Psychiatry and of Neuroscience at NYU Grossman School of Medicine.

A report on the findings is publishing online Jan. 22 in the journal Nature.

Building on their evidence for the role of dopamine in learning aggression, authors set out to better understand the brain mechanisms that might explain it. To do this, the team prevented cells in the ventral tegmental area of the brain from releasing dopamine into another region called the lateral septum, a site known to regulate aggression. They found that novice males would never learn to fight, but those with previous fighting experience would continue to engage in aggressive behavior. Similarly, promoting dopamine release in this area of the brain boosted hostility in rookies but had no effect on veterans.




This suggests that the lateral septum is a key brain site for dopamine to promote "aggression learning" in rodents and likely in other mammals, including people, says Lin, who is also a member of NYU Grossman School of Medicine's Institute for Translational Neuroscience.

The team also measured dopamine release in the lateral septum as the animals gained fighting experience. They found that the chemical surges the most on the day they first decide to attack. As the mouse becomes more experienced with fighting, this dopamine spike becomes less dramatic, supporting a central role of the chemical in initial aggression learning.

Importantly, the researchers also found that dopamine did not appear to play a similar role in female aggression. In fact, manipulating dopamine levels did not affect aggressive behaviors in female mice in any way.

According to Lin, the results may offer new insight into addressing mental health conditions marked by intense shifts in mood and behavior, such as schizophrenia, bipolar disorder, and borderline personality disorder. Antipsychotic drugs that interfere with dopamine release are commonly used to treat such diseases, as well as to suppress violent behavior in psychiatric patients.

"Our results suggest that targeting dopamine may not be an effective tool when treating those with a long history of aggression," said Lin. "As a result, healthcare providers may need to consider a patient's history, as well as their age and sex, when considering which therapy to use."

Lin adds that the results may also explain why antipsychotic drugs are known to have a stronger and longer-lasting effect in children than in adults, for whom aggression often returns once they stop receiving medication.

That said, Lin cautions that while mice share similar brain chemistry with people and that the current findings echo human clinical results, more research will be needed to demonstrate the impact of past behavior on the effectiveness of antipsychotic medications in humans.

Funding for the study was provided by National Institutes of Health grants R01MH101377, R01MH124927, U19NS107616, U01NS11335, U01NS12082, P30DA048736, and R01MH133669. Further study funding was provided by the Vulnerable Brain Project.

In addition to Lin, other NYU Langone researchers involved in the study are Bingqin Zheng, MS; Xiuzhi Dai; Xiaoyang Cui, BS; Luping Yin, PhD; Jing Cai, PhD; and Nicolas Tritsch, PhD. Other study investigators include Yizhou Zhuo, PhD, and Yulong Li, PhD, at the Peking University School of Life Sciences in Beijing; and Larry Zweifel, PhD, at the University of Washington in Seattle. Bing Dai, PhD, a former graduate student at NYU Langone and a current postdoctoral associate at the Massachusetts Institute of Technology in Cambridge, served as the study lead author.
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AI in cell research: Moscot reveals cell dynamics in unprecedented detail | ScienceDaily
Thanks to a new technology called Moscot ("Multi-Omics Single-Cell Optimal Transport"), researchers can now observe millions of cells simultaneously as they develop into a new organ -- for example, a pancreas. This groundbreaking method was developed by an international research team led by Helmholtz Munich and has been published in the renowned journal Nature.


						
Until now, biologists had only a limited understanding of how cells develop in their natural environment -- for instance, when they form an organ in the embryo. "Existing methods provided only snapshots of a few cells or could not link the dynamic processes in space and time," explains Dominik Klein, one of the lead authors of the study, a PhD candidate at the Institute of Computational Biology at Helmholtz Munich, and a researcher at the Technical University of Munich (TUM). "This has greatly limited our understanding of the complex interactions during organ development and in disease processes."

Moscot Maps Cell Development in Entire Organs and Organisms

Together with an interdisciplinary team led by Giovanni Palla (Helmholtz Munich), Marius Lange (ETH Zurich), Michal Klein (Apple), and Zoe Piran (Hebrew University of Jerusalem), Dominik Klein developed Moscot. The team drew on a theory developed in the 18th century: the theory of optimal transport, which describes how objects can move most efficiently from one place to another to minimize time, energy, or cost. The application of optimal transport to two populations of cells had previously been limited by the size of biomedical datasets. This obstacle has now been overcome thanks to advances in artificial intelligence, significantly influenced by co-author Marco Cuturi (Apple). "We have adapted our mathematical models to accurately represent the molecular information and position of cells in the body during their development. The theory of optimal transport helps us understand how cells move, change, and transition from one state to another," says Klein. This now makes it possible to observe millions of cells simultaneously -- with an accuracy that was previously unimaginable.

Moscot enables the multimodal mapping of single cells in spatial tissues and plays a crucial role in dynamic biological processes. It connects millions of cells over time, linking changes in gene expression to cellular decisions. The implementation of Moscot aims to analyze enormous datasets using complex algorithms while providing an intuitive interface for biologists. Additionally, Moscot precisely and simultaneously captures the molecular state of a large number of cells and describes their development in space and time. This makes it possible for the first time to track and better understand complex cellular processes within entire living organs and organisms.

New Insights into Pancreas and Diabetes Research 

Moscot's application has provided new insights in pancreas research: the team succeeded in mapping the development of hormone-producing cells in the pancreas based on multimodal measurements. Based on these findings, scientists can now analyze the underlying mechanisms of diabetes in detail. "This new perspective on cellular processes opens up opportunities for targeted therapies that address the root causes of diseases rather than merely treating symptoms," says Prof. Heiko Lickert, who heads the Institute of Diabetes and Regeneration Research at Helmholtz Munich and is co-last author of the study together with Prof. Fabian Theis.




A Turning Point in Medical Research

Fabian Theis, Director at the Institute of Computational Biology at Helmholtz Munich and TUM professor, emphasizes the significance of Moscot for biomedical research: "Moscot is changing the way we understand and use biological data. It enables us not only to capture the dynamics of cell development in unprecedented detail but also to make precise predictions about the progression of diseases, aiming to develop personalized therapy approaches."

For Theis, Moscot is a prime example of interdisciplinary collaboration: "The successful combination of mathematics and biology in this project impressively demonstrates how crucial collaboration between different disciplines is for achieving true scientific breakthroughs. Thanks to close cooperation with the team led by Heiko Lickert from the Helmholtz Diabetes Center, we were able to validate Moscot's predictions through laboratory experiments."

Learn more: moscot-tools.org
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Final synthetic yeast chromosome unlocks new era in biotechnology | ScienceDaily
Macquarie University researchers have worked with an international team of scientists to achieve a major milestone in synthetic biology by completing the creation of the final chromosome in the world's first synthetic yeast genome.


						
This achievement represents the completion of the global Sc2.0 project to create the world's first synthetic eukaryotic genome from Saccharomyces cerevisiae (baker's yeast) and a new-to-nature tRNA neochromosome.

Using cutting-edge genome-editing techniques, including the CRISPR D-BUGS protocol, the team identified and corrected genetic errors that impacted yeast growth. These changes restored the strain's ability to grow on glycerol, a key carbon source, under elevated temperatures.

The breakthrough, published this week in Nature Communications, demonstrates how engineered chromosomes can be designed, built and debugged to create more resilient organisms that could help secure supply chains for food and medicine production in the face of climate change and future pandemics.

"This is a landmark moment in synthetic biology," says Professor Sakkie Pretorius, Co-Chief Investigator and Deputy Vice Chancellor (Research) of Macquarie University.

"It is the final piece of a puzzle that has occupied synthetic biology researchers for many years now."

Distinguished Professor Ian Paulsen, Director of the ARC Centre of Excellence in Synthetic Biology, who co-led the project, says: "By successfully constructing and debugging the final synthetic chromosome, we've helped complete a powerful platform for engineering biology that could revolutionise how we produce medicines, sustainable materials and other vital resources."

The research team used specialised gene editing tools to identify and fix problems in the synthetic chromosome affecting how well the yeast could reproduce and grow under challenging conditions.




They discovered that the placement of genetic markers near uncertain gene regions accidentally interfered with how essential genes were turned on and off, particularly affecting crucial processes like copper metabolism and how cells divide their genetic material.

"One of our key findings was how the positioning of genetic markers could disrupt the expression of essential genes," says co-lead author Dr Hugh Goold, research scientist at The NSW Department of Primary Industries and Honorary Postdoctoral Research Fellow from Macquarie University's School of Natural Sciences.

"This discovery has important implications for future genome engineering projects, helping establish design principles that can be applied to other organisms."

The completion of the chromosome known as synXVI allows scientists to explore new possibilities in metabolic engineering and strain optimisation. The synthetic chromosome includes features that enable researchers to generate genetic diversity on demand, accelerating the development of yeasts with enhanced capabilities for biotechnology applications.

"The synthetic yeast genome represents a quantum leap in our ability to engineer biology," says Dr Briardo Llorente, Chief Scientific Officer at the Australian Genome Foundry.

The construction of such a large synthetic chromosome was only possible using the robotic instrumentation in the Australian Genome Foundry.




"This achievement opens up exciting possibilities for developing more efficient and sustainable biomanufacturing processes, from producing pharmaceuticals to creating new materials," says Dr Llorente.

The research provides valuable insights for future synthetic biology projects, including potential applications in engineering plant and mammalian genomes. The team's new design principles for synthetic chromosomes to avoid placing potentially disruptive genetic elements near important genes will help other researchers working on synthetic chromosomes.

Macquarie University is responsible for more than 12 per cent of the entire Sc 2.0 project, and this contribution was supported by the NSW Government's Department of Primary Industries, the Australian Research Council Centre of Excellence in Synthetic Biology, and external grants from Bioplatforms Australia and the NSW Chief Scientist and Engineer.
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Research shows PTSD, anxiety may affect reproductive health of women firefighters | ScienceDaily
A new study led by University of Arizona Mel and Enid Zuckerman College of Public Health researchers in collaboration with fire service partners and other researchers around the country through the Fire Fighter Cancer Cohort Study showed that post-traumatic stress disorder and anxiety are associated with lower levels of anti-Mullerian hormone, a marker of ovarian reserve, among women firefighters.


						
The ovarian reserve is the number of healthy eggs in a woman's ovaries that could potentially be fertilized. It is a measure of a woman's fertility and ability to have children.

"These findings highlight the negative effect that mental health conditions can have on health -- specifically, reproductive health," said first author Michelle Valenti, MPH, a doctoral student in epidemiology at the Zuckerman College of Public Health and program coordinator of the Fire Fighter Cancer Cohort Study's Women Firefighter Study.

The paper "Evaluating the Effect of Depression, Anxiety, and Post-Traumatic Stress Disorder on Anti-Mullerian Hormone Levels Among Women Firefighters," was published in the Journal of Women's Health.

Firefighters are exposed to high stress and traumatic situations in addition to chemical exposures and have a higher prevalence of PTSD compared with the general population. Previous research showed that women firefighters have lower levels of anti-Mullerian hormone compared with women who are not firefighters; however, the reason why was unknown.

The research team, which included personnel at the Zuckerman College of Public Health's Center for Firefighter Health Collaborative Research, led this analysis to determine whether anxiety, depression or PTSD were associated with anti-Mullerian hormone levels. They found that clinical diagnoses of PTSD and anxiety were associated with reductions in anti-Mullerian hormone levels of 66% and 33%, respectively.

These findings highlight a potential mechanism through which adverse mental health conditions could lead to adverse reproductive outcomes. Further research is needed to identify potential areas for intervention.




"The work of this AMH study within the broader context of the FFCCS is imperative to taking care of all of our firefighters," said Capt. Caitlin St. Clair of the Puget Sound Regional Fire Authority. "These findings provide scientific leverage to fire departments to implement programs to reduce stress and improve the lives of our firefighter women."

The Women Firefighter Study, a subgroup of the Fire Fighter Cancer Cohort Study, aims to identify causes of stress, cancer and adverse reproductive health effects in women firefighters that would inform effective interventions to mitigate these conditions.

"This study demonstrates the power of the Fire Fighter Cancer Cohort Study Women Firefighter Study to evaluate exposures that lead to adverse gynecologic conditions," Valenti said. "The Women Firefighter Study would not be possible without our amazing fire service partners who have championed women firefighter research."

Co-authors from the Zuckerman College of Public Health include senior author Jeff Burgess, MD, MPH, a professor and director of the Center for Firefighter Health Collaborative Research at the U of A Mel and Enid Zuckerman College of Public Health and a member of the BIO5 Institute; Leslie Farland, ScD, an associate professor and member of the BIO5 Institute; Yiwen Liu, PhD, an assistant professor of epidemiology and biostatistics; Shawn Beitel, program administrator for firefighter research; research technician Jordan Baker; and graduate student Kaiwen Huang.

In addition to St. Claire, other fire service research liaisons who contributed to the study include Capt. John Gulotta of the Tucson Fire Department, Capt. Jamie Kolar and Derek Urwin, PhD, of the Los Angeles County Fire Department, and many other firefighters.

This research was funded by the Federal Emergency Management Agency under award nos. EMW-2015-FP-00213 and EMW-2019-FP-00526.
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Wild baboons not capable of visual self-awareness when viewing their own reflection | ScienceDaily

It was the first time a controlled laser mark test has been done on these animals in a wild setting and strengthens the evidence from other studies that monkeys don't recognise their own reflection.

The researchers observed 120 Chacma baboons in Tsaobis Nature Park, Namibia, between May and October 2021 to better understand self-awareness among wild non-hominid primates, who have previously been tested almost exclusively in captivity.

Study author Dr Alecia Carter (UCL Anthropology) said: "We define self-awareness as 'the capacity to become the object of your own attention' and we test this capacity by assessing an individual's ability to identify an image of themselves.

"The Chacma baboons we observed in Tsaobis Nature Park certainly enjoyed using the mirrors as a new toy, but throughout our study they didn't quite understand that the mirror's reflection represented their own bodies and that the laser mark in the mirror image was, indeed, on themselves.

Dr Carter continued: "Anthropologists have been trying to measure self-awareness in animals for 50 years, but studies have lacked control conditions and focused on small numbers of animals raised in captivity. Our study is the first controlled laser mark test to be conducted in a wild setting and we hope it will act as a framework for future visual self-recognition studies."

In Namibia, the researchers began by allowing the baboons a period of mirror exposure to learn about the reflective surface. Reflective surfaces are uncommon in the baboons' arid natural habitat, in contrast to primates raised in captivity who may have had more exposure to their own reflection.




As shown in the footage, a red or green laser pointer was first shone on a visible part of the baboon's body, such as their hand or foot, to determine whether the baboon would investigate a mark visible on their own bodies. The baboons found the mark visually compelling, showing their curiosity by touching and scratching the mark.

The laser was then shone on a part of their body the baboon could not see unaided, such as their ear or cheek. While sat in front of a mirror, the baboons did not react or respond to the laser mark in the same way, suggesting they did not identify the baboon in the mirror as themselves.

Overall, interest in the lasers decreased with the age of the baboons and was greater among males than females. They also found that the baboons responded more to the green, rather than the red laser mark. The researchers compared a total of 361 laser experiments across 120 baboons.

Corresponding author Esa A. Ahmad said: "Our study provides a fantastic framework for scientists and anthropologists to continue researching the self-awareness of non-hominid primates in their natural setting.

"As the baboons didn't touch the marks when viewed indirectly, this research confirms that monkeys don't spontaneously recognise themselves in a mirror. But, given the monkeys quickly familiarised themselves with their mirror image, it also suggests that they don't consider their reflection to be a stranger."

Ethical permission to conduct the research was granted by the Namibian National Commission on Research Science and Technology and the Zoological Society of London Ethics Committee.
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Here's what's causing the Great Salt Lake to shrink | ScienceDaily
The Great Salt Lake, the largest saltwater lake in the Western Hemisphere, reached historic low levels in 2022, raising economic, ecological and public health concerns for Utah. New research from Portland State is believed to be the first peer-reviewed study that quantifies the contributing factors to the record low water volume levels, which the researchers say is important for anticipating and managing future lake changes.


						
"The lake has a lot of social and economic relevance for the region and Utah," said Siiri Bigalke, the lead author and a Ph.D. candidate in PSU's Earth, Environment and Society program who built on research she started while a master's student at Utah State University. "It provides over $1.9 billion in annual economic revenue, serves as a vital feeding ground for millions of migratory birds and enhances snowfall over the Wasatch Mountain Range" -- home to 11 world-class ski resorts which are a big reason why the 2034 Winter Olympics are returning to Salt Lake City.

Bigalke and co-authors Paul Loikith, an associate professor of geography and director of PSU's Climate Science Lab, and Nick Siler, an associate professor in the College of Earth, Ocean, and Atmospheric Sciences at Oregon State University, developed and applied a model that simulates lake volume change year over year from water inputs primarily from streamflow into the lake and precipitation onto the lake and output from water evaporating off the lake.

"We developed a model that created alternate scenarios where only one of the input or output variables changed as observed in order to isolate the relative contributions of streamflow, precipitation and evaporation to the record low volume in 2022," Bigalke said.

The decline in lake levels leading up to 2022 has been widely attributed to low stream flows from the lake's three major tributaries, likely due to some combination of drought, water diversions, and climate change. However, the present study found that lower streamflows only accounted for about two-thirds of the total decline in lake volume. The rest primarily came from an increase in lake evaporation due to warmer temperatures, which will only get worse as temperatures continue to rise.

"As the climate is warming, evaporation off the lake increases, so the contribution from warming to the evaporation is significant," Loikith said. "Without the warming trend, 2022 wouldn't have been record low. Even though streamflow is dominant, the increase in evaporation was necessary to reach the record low."

The researchers said that the findings suggest that increased streamflow can lead to rapid volume recovery in the short term, but under continued warming, evaporation is expected to lead to additional long-term water loss.

In addition to ecological and economic loss, the shrinking lake also poses health risks as a source of toxic dust for the 1.2 million people in the Salt Lake City metro region.

"As the lake shrinks, it's exposing this dry lakebed that could possibly increase dust events into the metropolitan area, affecting the air quality for nearby residents," Bigalke said.

The findings were published in the journal Geophysical Research Letters. The authors suggest further research into determining the degree to which local increasing evaporation, precipitation changes and/or human-caused diversions is affecting streamflow into the lake.
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Can DNA-nanoparticle motors get up to speed with motor proteins? | ScienceDaily
DNA-nanoparticle motors are exactly as they sound: tiny artificial motors that use the structures of DNA and RNA to propel motion by enzymatic RNA degradation. Essentially, chemical energy is converted into mechanical motion by biasing the Brownian motion. The DNA-nanoparticle motor uses the "burnt-bridge" Brownian ratchet mechanism. In this type of movement, the motor is being propelled by the degradation (or "burning") of the bonds (or "bridges") it crosses along the substrate, essentially biasing its motion forward.


						
These nano-sized motors are highly programmable and can be designed for use in molecular computation, diagnostics, and transport. Despite their genius, DNA-nanoparticle motors don't have the speed of their biological counterparts, the motor protein, which is where the issue lies. This is where researchers come in to analyze, optimize, and rebuild a faster artificial motor using single-particle tracking experiment and geometry-based kinetic simulation.

"Natural motor proteins play essential roles in biological processes, with a speed of 10-1000 nm/s. Until now, artificial molecular motors have struggled to approach these speeds, with most conventional designs achieving less than 1 nm/s," said Takanori Harashima, researcher and first author of the study.

Researchers published their work in Nature Communications on January 16th, 2025, featuring a proposed solution to the most pressing issue of speed: switching the bottleneck.

The experiment and simulation revealed that binding of RNase H is the bottleneck in which the entire process is slowed. RNase H is an enzyme involved in genome maintenance, and breaks down RNA in RNA/DNA hybrids in the motor. The slower RNase H binding occurs, the longer the pauses in motion, which is what leads to a slower overall processing time. By increasing the concentration of RNase H, the speed was markedly improved, showing a decrease in pause lengths from 70 seconds to around 0.2 seconds.

However, increasing motor speed came at the cost of processivity (the number of steps before detachment) and run-length (the distance the motor travels before detachment). Researchers found that this trade-off between speed and processivity/run-length could be improved by a larger DNA/RNA hybridization rate, bringing the simulated performance closer to that of a motor protein.

The engineered motor, with redesigned DNA/RNA sequences and a 3.8-fold increase in hybridization rate, achieved a speed of 30 nm/s, 200 processivity, and a 3 mm run-length. These results demonstrate that the DNA-nanoparticle motor is now comparable to a motor protein in performance.




"Ultimately, we aim to develop artificial molecular motors that surpass natural motor proteins in performance," said Harashima. These artificial motors can be very useful in molecular computations based on the motion of the motor, not to mention their merit in the diagnosis of infections or disease-related molecules with a high sensitivity.

The experiment and simulation done in this study provide an encouraging outlook for the future of DNA-nanoparticle and related artificial motors and their ability to measure up to motor proteins as well as their applications in nanotechnology.

Takanori Harashima, Akihiro Otomo, and Ryota Iino of the Institute for Molecular Science at National Institutes of Natural Sciences and the Graduate Institute for Advanced Studies at SOKENDAI contributed to this research.

This work was supported by JSPS KAKENHI, Grants-in-Aid for Transformative Research Areas (A) (Publicly Offered Research) "Materials Science of Meso-Hierarchy" (24H01732) and "Molecular Cybernetics" (23H04434), Grant-in-Aid for Scientific Research on Innovative Areas "Molecular Engine" (18H05424), Grant-in-Aid for Early-Career Scientists (23K13645), JST ACT-X "Life and Information" (MJAX24LE), and Tsugawa foundation Research Grant for FY2023.
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Dolphins use a 'fat taste' system to get their mother's milk | ScienceDaily
Juvenile dolphins were found to have specialized receptors for fatty acids on their tongues, offering new insights into their growth and feeding habits.


						
Scientists have discovered that juvenile bottlenose dolphins have specialized receptors for detecting the fatty acids in their mother's milk. These findings, published in the journal Marine Mammal Science, offer important insights into how these marine mammals grow, feed, and communicate.

The new findings challenge previous assumptions about cetacean sensory systems. Unlike land mammals, dolphins and other marine mammals have limited olfactory capabilities - their sense of smell is largely nonfunctional in aquatic environments. Researchers have therefore speculated that dolphins had other ways of sensing their surroundings and detecting food.

Fat plays an essential role in providing energy and supporting brain development in dolphin calves, which are entirely dependent on their mother's milk during their early stages of life.

"We looked at the tongue of a young Indo-Pacific bottlenose dolphin and confirmed special structures that may help it detect fat," says the study's first author Hinako Katsushima of the Graduate School of Environmental Science at Japan's Hokkaido University. "At the back of the tongue, there's a V-shaped row of taste receptors that are specifically tuned to pick up fatty acids. These receptors also have enzymes that help break down the fat, making it easier for the dolphin to sense and process it."

In a second experiment, the team gave young dolphins a choice between two liquids: one containing milk and the other a cloudy solution. The dolphin showed an unexpected preference for the cloudy solution. This reinforces the finding that dolphins can distinguish between the two liquids, but the researchers are unsure why they avoided the milk. One possibility is that they found the milk unfamiliar - it was a mixture of milk from two females - and so avoided it from a fear of new foods, a habit called neophobia.

"Our findings suggest that the ability to detect fatty acids in their mother's milk is part of a specialized 'fat taste' system that could help dolphins assess the nutritional value of their food," says Assistant Professor Takashi Hayakawa from the Faculty of Environmental Earth Science at Hokkaido University, who led the study. "In the wild, where fat-rich diets are critical for survival, this capability may provide dolphins with an evolutionary advantage, allowing them to select high-quality milk from their mothers and later evaluate the nutritional content of their prey."

The new study opens new avenues for understanding how marine mammals perceive and interact with their environment, as well as how they communicate and forage in the wild. Further research will be necessary to explore the full scope of this "fat taste" system and how it functions in other marine species.
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Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state | ScienceDaily
A team led by researchers at Georgia State University has identified a novel group of neurons controlling the brain-heart-gut axis which can be activated to induce a hypometabolic state that resembles hibernation. The discovery could have wide-ranging impacts for scientific fields ranging from obesity to cardiometabolic health, and even space travel.


						
The new study is published in the journal Nature Metabolism.

Lead author Eric Krause is a professor of neuroscience, a Georgia Research Alliance (GRA) Distinguished Investigator at Georgia State University and a core member of the Center for Neuroinflammation and Cardiometabolic Disease (CNCD). Krause worked with researchers from the University of Florida and the Monell Chemical Senses Center in Philadelphia.

"We identified this population of neurons located near the base of the skull that relay the sensation of mechanical stretch exerted on the gut and heart to the brain. When these neurons are activated, they seem to recreate the sensation of feeling full or having increased blood pressure," Krause said. "We found that activating these neurons suppresses eating and lowers blood pressure, heart rate and whole-body metabolism."

During the research, the team discovered that simultaneous, recurrent firing of these neurons in mice produces a torpor-like state, similar to that of animals in hibernation, characterized by reductions in cardiac output, body temperature and energy expenditure.

"We found that repeated excitation of the neurons decreased body mass and produced a hypometabolic state without inducing anxiety-like behaviors that are often observed with chronic stress," Krause said. "This is changing what we know about body-to-brain communication and how profoundly it affects physiology and behavior."

The researchers were able to activate the population of neurons through a process known as chemogenetic excitation. Utilizing animal models to manipulate oxytocin signaling in the vagal sensory neurons, the team was able to assess impacts on various sensory function.




Oxytocin is commonly known as the love hormone and regulates how we respond to other people. Krause said the findings indicate that oxytocin may act on these neurons to also rule how we feel about ourselves, similar to what we think of as "gut feelings" or "heartache."

Krause said activating these neurons could be leveraged therapeutically to achieve weight loss without prolonged hypometabolism or stress side effects.

Researchers also believe this discovery could be a step toward developing treatments for cardiometabolic disease and extending longevity. Torpor is also being explored for applications ranging from biomedical therapeutics to slowing the metabolic rate of astronauts to enable long-duration space travel.

Guillaume de Lartigue is a co-author on the study and a researcher with the Monell Chemical Senses Center. He called this discovery an exciting step toward unlocking the therapeutic potential of the vagus nerve.

"We've tapped into the body's own energy-saving toolkit. By activating these neurons, we can trigger an ancient survival mechanism present in mammals," de Lartigue said. "If we can control the body's on/off switch for energy use, the implications for human health are extraordinary."

Annette de Kloet, an associate professor of neuroscience and part of the Georgia State research team, said the research highlights a novel approach to decreasing food intake, body weight and blood pressure without negative anxiogenic consequences.

"This discovery may lead to novel approaches that take advantage of body-brain communication to alleviate stress-induced cardiometabolic diseases, like obesity and hypertension," de Kloet said.

The research team has recently been awarded an additional $3.4 million grant from the National Institutes of Health to continue its work.

"Our GRA Distinguished Investigators are recognized for their exceptional vision and expertise," said Donald Hamelberg, interim vice president for research and economic development at Georgia State. "This latest breakthrough highlights the research excellence these scholars contribute to our university and to society."
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Extreme climate pushed thousands of lakes in West Greenland 'across a tipping point,' study finds | ScienceDaily
West Greenland is home to tens of thousands of blue lakes that provide residents drinking water and sequester carbon from the atmosphere. Yet after two months of record heat and precipitation in fall 2022, an estimated 7,500 lakes turned brown, began emitting carbon and decreased in water quality, according to a new study.


						
Led by Fulbright Distinguished Arctic Scholar and University of Maine Climate Change Institute Associate Director Jasmine Saros, a team of researchers found that the combination of extreme climate events in fall 2022 caused ecological change that "pushed Arctic lakes across a tipping point," they wrote in a paper published in the the Proceedings of the National Academy of Sciences?(PNAS). By July 2023, less than one year later, the physical, chemical and biological properties of these lakes were altered, a widespread transformation that typically occurs over hundreds of years, Saros said. Their results were shared with nearby communities.

Greenland normally experiences snow in the fall, but the spike in temperatures caused the precipitation to fall as rain instead, according to the study. The heat also caused permafrost -- frozen soil that stores a significant amount of organic carbon -- to thaw, releasing an abundance of carbon, iron, magnesium and other elements. As rain fell in record amounts, it washed these newly exposed metals and carbon from soil into lakes across Greenland's western region, turning them brown.

Saros, also a professor of paleolimnology and lake ecology with UMaine's School of Biology and Ecology, said the rapid alteration in West Greenland's lakes contrasts with the slow, multi-decade-long browning experienced in lakes across the Northern Hemisphere, including those in Maine.

"The magnitude of this and the rate of change were unprecedented," Saros said.

The influx of dissolved organic carbon and nutrients from the permafrost can promote bacteria growth and produce an undesirable taste and odor in the water, in addition to altering color, Saros said. Increased exposure to metals released from permafrost can also cause health problems. By identifying the type and quantity of organic and inorganic materials entering the lakes following the climate extreme events, residents in the surrounding area can better evaluate how to treat their water.

"The increased dissolved organic material can interact with drinking water treatment processes to produce chlorination byproducts called trihalomethanes, which may be carcinogenic," Saros said.




With altered physical and chemical properties, the lakes became more opaque and less light was able to penetrate their surface. The reduction in light decreased the biodiversity of plankton, which had significant ramifications for the region's carbon cycle. Researchers found a decrease in phytoplankton that absorb carbon dioxide from the atmosphere through photosynthesis, and an increase in plankton that break down and release carbon. Instead of sequestering carbon dioxide in the summer, the lakes have become a source of it, with a 350% increase in the flux of this greenhouse gas from them.

"The likely explanation is that so much organic carbon mobilized from the landscape into the surface water, and the organic carbon was available for aquatic organisms to use," Saros said. "Because the lakes turned so brown, it reduced the light coming into the system, which tends to favor organisms that use organic carbon pathways instead of photosynthesis."

Researchers concluded that the rise in heat and precipitation was caused by several atmospheric rivers. According to the National Oceanic and Atmospheric Administration (NOAA), an atmospheric river is a long, narrow column of water vapor that produces intense rain or snow when it makes landfall. They affect much of the world, and existing climate models predict that by the end of the century, they will become 50-290% more frequent in Greenland, western North America, east Asia, western Europe and Antarctica.

Saros said additional research and monitoring could help determine how these lakes may recover, providing greater insight into lake dynamics in the region. Further studies can also help scientists examine browning lakes across the Northern Hemisphere, how they may recover and potential treatment and intervention.

"It was such an overwhelming climate force that drove all the lakes to respond in the same way," Saros said. "When it comes to recovery, will it be the same across lakes or different?"

The study was made possible through extensive data collection obtained through annual water sampling and remote sensors in the lakes that operate year-round.




"Our study demonstrates the power of long-term observation. I've been working in this area since 2013, and have worked on many projects here. But in the background, my colleagues and I have been trying to maintain a consistent data set of observations," Saros said. "That's how we were able to capture and quantify the effects of this extreme climate event."

In addition to Saros, UMaine Ph.D. students Vaclava "Vendy" Hazukova, Grayson Huston, Avery Lamb and Guillaume Bourdin co-authored the study.

Other co-authors include Sean Birkel, Maine state climate scientist and assistant professor with the Climate Change Institute and University of Maine Cooperative Extension; Robert Northington from Elizabethtown College in Pennsylvania; Ryan Pereira from Heriot-Watt University in Edinburgh, Binbin Jiang from Zhejiang University of Science and Technology in China; and Suzanne McGowan from the Netherlands Institute of Ecology. Saros said Binbin and Northington were former postdoctoral associates at UMaine.

"Many Ph.D. students were involved in this work, and were totally instrumental in this work," she said.
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Cycle of coral bleaching on the Great Barrier Reef now at 'catastrophic' levels | ScienceDaily
A team of marine scientists from the University of Sydney has published the first peer-reviewed study documenting the devastating coral bleaching events that occurred on the southern Great Barrier Reef in early 2024.


						
Led by Professor Maria Byrne from the School of Life and Environmental Sciences, the research highlights the alarming impact of unprecedented marine heatwaves on coral ecosystems, raising urgent concerns for marine biodiversity and the communities that depend on these vital ecosystems.

The study, published in Limnology and Oceanography Letters, provides critical insights into the extent of coral bleaching and mortality during the 2023-2024 global marine heatwave. The research team meticulously tracked the health of 462 coral colonies at the University of Sydney's Great Barrier Reef research station at One Tree Island over a period of 161 days.

The results revealed that 66 percent of the colonies were bleached by February 2024 and 80 per cent by April. By July, 44 percent of the bleached colonies had died, with some coral genera, such as Acropora, experiencing a staggering 95 percent mortality rate.

Professor Byrne said: "Our findings underscore the urgent need for action to protect coral reefs, which are not only biodiversity hotspots but also crucial for food security and coastal protection. The southern Great Barrier Reef, despite its protected status, was not immune to the extreme heat stress that triggered this catastrophic bleaching event."

The research also highlights the complex interplay between heat stress, disease onset and coral mortality. Notably, Goniopora corals developed black band disease, contributing to the high mortality rates observed. The study emphasises that the rapid onset of bleaching and disease in corals previously considered resilient poses significant challenges for predicting the future composition of coral reef ecosystems in a warming world.

Professor Ana Vila Concejo, a co-author of the study from the School of Geosciences, said: "This research is a wake-up call for policymakers and conservationists. The resilience of coral reefs is being tested like never before, and we must prioritise strategies that enhance their ability to withstand climate change. Our findings underscore the need for immediate and effective management interventions to safeguard these ecosystems."

The implications of this research extend beyond the ecology and conservation. Coral reefs provide essential services to human communities, including fisheries, tourism and coastal protection. As the Great Barrier Reef faces increasing threats from climate change, the study calls for a collaborative approach to conservation that involves local communities, scientists and policymakers.

Dr Shawna Foo, a Sydney Horizon Fellow and co-author of the study, said: "Seeing the impacts on a reef that has largely avoided mass bleaching until now is devastating. The high rates of mortality and disease, particularly in such a remote and pristine area, highlight the severity of the situation. Although the reef's highly protected status may not have prevented the impacts of the heatwave, its role in facilitating recovery will be crucial to observe."
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Australian Plantago could replace psyllium husk in gluten-free breads | ScienceDaily

The research was conducted by a team led by the University of Adelaide's Dr James Cowley, who discovered the differences in mucilage content and chemistry of each Plantago species affected its suitability for use as a food ingredient.

"The differences in mucilage led to wildly different impacts when added to gluten-free breads," says Dr Cowley.

"Adding Plantago flour made the doughs more elastic, making them more resistant to collapsing during fermentation, which made breads with better appearance and texture.

"We believe this comes down to the differing chemistries of the mucilage, as the amount alone did not explain the effects. For example, two native species, P. cunninghamii and P. turrifera, produced similar or better-quality breads to commercial P. ovata, despite having much lower mucilage content."

Mucilage is a sticky gel of pure dietary fibre that is produced by many seeds when they are wetted. An example of this is chia seed pudding, which has a gooey texture thanks to the mucilage they produce.

Dr Cowley has studied Plantago seeds for more than a decade and says desire is increasing among coeliacs and non-coeliac gluten-avoiders for better gluten-free bread products that don't have such long ingredients lists.




"Consumers are increasingly looking for 'clean label' products that are perceived as 'healthier' or 'more natural'," says Dr Cowley.

"Hydroxypropylmethylcellulose, known as HPMC or E464, is one of the most common gluten replacements in bread but is often met negatively, as it is perceived as 'artificial' or 'unnatural'.

"Psyllium husk, which is extracted from Plantago ovata for use in gluten-free doughs, can be included on ingredient labels as vegetable fibre without the need for an E number, allowing it to be more 'clean label'."

Dr Cowley says the research, published in Food Hydrocolloids, also shows that whole-seed flours -- those which use the inner seed parts as well as the mucilage-containing husk -- are preferable to those in which the mucilage is removed.

"Commercial psyllium husk is made by removing the mucilage through a grinding process, but this produces a large amount of waste with no high-value commercial use, despite our group recently showing that the waste is high in nutrients," says Dr Cowley.

"We hope that more products may use Plantago whole-seed flour, which still contains that beneficial mucilage, as a more sustainable alternative to purified psyllium husk."

Most importantly, the resulting breads were softer, springier and had more volume.




"Consumers consider texture and appearance to be critical to their perception of a quality gluten-free bread, and they are looking for springy, airy loaves that behave as closely to gluten-containing breads as possible," Dr Cowley says.

"We aren't quite there yet, but new additives and formulations appear all the time. Hopefully one day we can produce clean-label gluten-free breads that are just as good as the real thing."

Dr Cowley and colleagues are narrowing the quality gap between gluten-free and traditional breads through follow-up research.

"We are now beginning to understand why mucilage chemistry plays a big role in improving the quality of gluten-free breads made with Plantago flour," he says.

"My brilliant PhD student, Lucija Strkalj, a co-author on this paper, recently successfully defended her PhD thesis and made some exciting discoveries about how the mucilage chemistry leads to more elastic networks in food products."
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Shorter, smarter, safer: Short-course antibiotics can revolutionize healthcare | ScienceDaily
Antibiotic overuse is a key driver in the rise of antimicrobial resistance (AMR), a major global health crisis. Researchers from the Yong Loo Lin School of Medicine, National University of Singapore (NUS Medicine) and Duke-NUS Medical School have provided compelling evidence that short-course antibiotic treatments can be a game-changer in tackling ventilator-associated pneumonia (VAP), a serious infection common in critically ill patients.


						
The findings from the landmark REGARD-VAP trial, published in Lancet Respiratory Medicine, and the accompanying economic analyses published in Lancet Global Health, highlight how prudent antibiotic use can curb resistance, effectively safeguarding patients as well as combatting the global threat of antimicrobial resistance while reducing healthcare costs.

Led by the NUS Medicine research team, the clinical trial examined over 450 patients across intensive care units (ICUs) in Singapore, Thailand, and Nepal. Results revealed that short-course antibiotics -- carefully tailored to individual patients' recovery -- are just as effective as traditional longer treatments in preventing death and recurrence of pneumonia. "By shortening the duration of antibiotics, we can reduce the risks of side effects and resistance without compromising patient outcomes," added Dr Mo Yin, Junior Academic Fellow at the Department of Medicine, NUS Medicine, and principal investigator of the clinical trial, and co-author of the economic analysis.

The economic analyses, led by the Duke-NUS research team, accompanying the trial were just published in the journal Lancet Global Health. They demonstrated that adopting short-course antibiotics offers significant value for healthcare systems. In Singapore, the strategy is cost-saving, reducing hospital expenditure while maintaining excellent outcomes for patients. In Thailand and Nepal, short-course antibiotics were highly cost-effective, with health gains outweighing the modest additional costs incurred. "Short-course antibiotics are a pragmatic solution that benefits patients and healthcare systems alike, particularly in resource-limited settings," said Assistant Professor Yiying Cai, lead researcher from the Health Services and Systems Research Programme at Duke-NUS.

The REGARD-VAP study's findings have practical implications for hospitals worldwide. Short-course antibiotics can streamline treatment in ICUs, where managing infections efficiently is vital. The approach is effective across high-income (Singapore), middle-income (Thailand), and low-income (Nepal) settings, making it a scalable solution for diverse healthcare systems. These results provide robust evidence including cost-effectiveness data for policymakers to adopt short-course antibiotics into national and institutional guidelines.

The team hopes to disseminate their findings globally to encourage the adoption of short-course antibiotics, particularly in regions with limited resources. They also advocate for integrating cost-effectiveness studies into future clinical trials to strengthen both clinical and economic decision-making processes. By reducing unnecessary antibiotic exposure, short-course treatments help preserve the effectiveness of existing drugs for future generations. Every additional day of antibiotic use increases the risk of drug resistance by 7%. Reducing treatment duration is a critical step in combating this silent epidemic. "Prudent antibiotic use is essential to combat antimicrobial resistance and optimise healthcare outcomes. Our findings make a strong case for adopting short-course antibiotics as the new standard of care," concluded Dr Mo Yin.
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Little birds, little poops, little food safety risk | ScienceDaily
It doesn't require a degree in ornithology, a lab test or even an app for most growers to determine whether bird poop near their crops presents a food safety risk. They just need to ask themselves a simple question: How big is it?


						
That's according to a study from the University of California, Davis, published today in the Journal of Applied Ecology. The study said an informed, nuanced view of food-safety risks and wild birds could help growers avoid crop losses and manage farms for food safety, biodiversity conservation and crop production.

Since 2006, when an E. coli outbreak devastated the U.S. leafy greens industry, growers have been pressured to remove natural habitat to keep wildlife -- and the foodborne pathogens they sometimes carry -- from visiting crops. Growers are often advised not to harvest crops within a roughly three-foot radius of any wildlife feces, lest they risk failing a food safety audit or losing a buyer contract. Growers often cite such concerns as a barrier to implementing conservation actions they would otherwise consider taking on their farms.

"We wanted to find out the true risk of wild birds to food safety," said lead author Austin Spence, a postdoctoral researcher in the UC Davis Department of Wildlife, Fish and Conservation Biology. "Which birds have pathogens, which birds are spending time on farms, and if a bird has a pathogen, does that pathogen survive long in bird poop? Our findings indicate that we can co-manage our areas for both agriculture and conservation."

Where pathogens persist

Through field and greenhouse experiments, bird surveys, point counts and fecal transects, the authors assessed food-safety risks from nearly 10,000 birds across 29 lettuce farms on California's Central Coast. They spent hours following turkeys, bluebirds and other wild birds at the UC Davis Student Farm and nearby Putah Creek, collecting hundreds of fecal samples. They compared E. coli survival in bird droppings on lettuce, soil and plastic mulch to measure pathogen persistence.

After all of these efforts, they landed on a simple finding: Smaller poops from smaller birds carry very low risk of foodborne pathogens, which were rare in birds overall. If a bird were to become infected, pathogen survival depends heavily on the bird's size.




"Birds that are large produce really big feces, and that's where pathogens are more likely to survive," said Spence. "Birds that are small have tiny feces, and the pathogens die off quickly. So farmers don't have to know the species of bird it came from. They just need to know the size. If it's the size of a quarter, don't harvest near that. If it's a tiny white speck, it's very low risk and probably fine."

Balancing conservation, crop yields, and food safety

Beyond fecal size, what the birds pooped on -- be it the crop, soil or plastic -- made a difference for pathogen survival. In the study, E. coli survived longer on lettuce itself than on soil or plastic mulch.

Fortunately, about 90% of birds observed on the farms were small and tended to poop mostly on soil, where pathogens perish quickly. By avoiding no-harvest buffers when food-safety risks are low, growers of leafy greens could harvest about 10% more of their fields.

"Birds generally present really low food-safety risks," said senior author Daniel Karp, a UC Davis professor in the Department of Wildlife, Fish, and Conservation Biology. "The industry has been concerned about birds for a while. But pathogenic E. coli and Salmonella are vanishingly rare in wild, farmland birds. And we now know E. coli tends to die off quickly in most bird poop."

The study opens up new strategies for growers to better balance conservation and food-safety risks. For example, growers could erect nest boxes to attract small, beneficial insect-eating birds, like bluebirds and swallows, that help control pests without risking food safety.




The work also contributes to a growing body of research that suggests growers do not need to remove habitat to improve food safety.

"There have been no studies to date that suggest habitat removal improves food safety," Karp said. "Habitat around farms is actually likely to favor the small, insect-eating birds that are unlikely to carry pathogens. Studies like ours are giving farmers science-based permission to conserve habitat -- and many species of wild birds -- on their farms again."

The study's additional coauthors are Jeffery McGarvey and SangIn Lee at the USDA Agricultural Research Service, Olivia Smith at Michigan State University, Elissa Olimpi at Conservation Science Partners, and undergraduates Wentao Yang and Meirun Zhang at UC Davis.

The study was funded through the Center for Produce Safety, the California Department of Food and Agriculture and the U.S. Department of Agriculture.
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Structural insights reveal drug target in trypanosome parasites | ScienceDaily
Trypanosomes are parasites that cause deadly diseases in humans and animals, such as Human African Trypanosomiasis (sleeping sickness), Chagas disease, and Nagana in cattle. According to the World Health Organisation, sustained control efforts have reduced the number of sleeping sickness infections, but millions of people are still estimated to be infected with Chagas disease. Diagnosis and treatment remain complex, and no effective vaccine has been developed for these neglected tropical diseases.


						
A new study from the Kowalinski group at EMBL Grenoble characterised the structure of an important trypanosomal protein complex, potentially paving the way for novel drug discovery in the future.

Currently, the insect species that transmit trypanosomes are mostly found in the Southern Hemisphere. However, as climate change may increase the spread of insect-borne diseases across the globe, understanding the biology of these parasites is becoming even more urgent.

Trypanosomes -- like other living organisms -- transcribe their DNA into messenger RNAs (mRNAs), which serve as a set of instructions for the cells to build proteins, which are essential for nearly all processes in living organisms. They perform specific biological tasks, such as the infection process in the host.

Both humans and trypanosomes are eukaryotic organisms -- those that pack their DNA into a nucleus. In eukaryotes, mRNAs undergo extensive processing before the instructions they carry can be used by the cell. Since the processing of human and trypanosome mRNAs bears significant differences, a better understanding of these molecular processes is fundamental to developing drugs that specifically inhibit RNA processing in the parasite without affecting human cells.

In their recent study, published in Nature Communications, the Kowalinski group characterised the nuclear cap-binding complex. This complex binds all mRNAs in trypanosomes and is vital for correct mRNA processing and thus for the survival of the parasite. The researchers reveal major differences between the trypanosomal and human nuclear cap-binding complex, suggesting it could serve as a potential drug target.

Different pathways

In all eukaryotes, the nuclear cap-binding complex is a key player in cellular RNA metabolism. It binds RNA at a very early stage during its production. Other components (called factors) of the cellular machinery then interact with the newly synthesised RNA molecule via the cap-binding complex. These factors use the cap-binding complex as a platform to lead the RNA to its next processing step or to a new location in the cell.




Unlike its human counterpart, which has two sub-units, the trypanosome nuclear cap-binding complex consists of four subunits. The function of three of them had not been understood so far -- which triggered the interest of the Kowalinski group.

Their research revealed that the complex consists of two lobes -- one that resembles the human complex and a second part that is connected to the first through a very flexible protein.

"A major challenge of studying this complex was its flexibility," said Harald Bernhard, former PhD student in the Kowalinski group and first author of the study. "I was using cryo-electron microscopy (cryo-EM) to generate a structure of the complex, but the flexible parts were never resolved in our data. We thus turned to small-angle X-ray scattering." The researchers used the X-ray beams available at the European Synchrotron Radiation Facility on Grenoble's European Photon and Neutron science campus to assess the flexible parts of the complex.

The end of mRNA molecules usually carries a chemical modification, but in trypanosomes, this so-called 'cap' is hypermodified, with many more modifications than in other organisms."Since trypanosomes carry a special RNA cap structure, we were also interested in how exactly the nuclear cap-binding complex interacts with this cap and the RNA molecule in general," added Eva Kowalinski, EMBL Grenoble Group Leader and the principal investigator on this project.

The researchers used their cryo-EM structures to reveal the interaction between the nuclear cap-binding complex and the RNA cap structure. Binding assays also suggested a second, novel, binding site for RNA in the complex. "We followed up on this observation and determined that one of the flexibly linked subunits, whose function was previously unknown, specifically binds double-stranded RNAs," explained Hana Petrzilkova, a research assistant in the Kowalinski lab who contributed to the publication.

A potential drug target and future studies

Because it is essential for the parasite, but very different from the human complex, the cap-binding complex could be a future drug target.




"This avenue is currently being explored by a PhD student in my group," added Kowalinski. "This project is supported by EMBL and the local University of Grenoble Alpes through the 'Grenoble Attractiveness and Excellences Initiative' with funding of the France 2030 framework of the French National Research Agency ANR."

Additionally, the data on the nuclear cap-binding complex will serve as the foundation to fully understand the details of RNA biogenesis and processing in Trypanosoma brucei (T.brucei). In addition to its impact on human and animal health, T. brucei is also used as a model organism in research to explore the origins of eukaryotic life and evolution.

Kowalinski also recently received ERC funding to study mRNA processing in trypanosomes through a mechanism called trans-splicing. Trans-splicing holds promise as a molecular tool for RNA editing -- a novel approach to gene therapy currently being tested in a variety of clinical trials.
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New evidence suggests megaflood refilled the Mediterranean Sea five million years ago | ScienceDaily
A new study provides compelling new evidence that a colossal 'megaflood' refilled the Mediterranean Sea, ending a period during which the Med was a vast expanse of salt flats.


						
The study suggests the Zanclean Megaflood ended the Messinian Salinity Crisis, which lasted between 5.97 and 5.33 million years ago.

An international team of scientists, including the University of Southampton, have identified a series of geological features around South East Sicily that point to a massive flood taking place across the region.

"The Zanclean megaflood was an awe-inspiring natural phenomenon, with discharge rates and flow velocities dwarfing any other known floods in Earth's history," said Dr. Aaron Micallef, lead author of the study and researcher at the Monterey Bay Aquarium Research Institute in California. "Our research provides the most compelling evidence yet of this extraordinary event."

During the Messinian Salinity Crisis, the Mediterranean Sea became isolated from the Atlantic Ocean and evaporated, leading to vast salt deposits which reshaped the region's landscape.

For years, scientists had thought that this dry period ended gradually, with the Mediterranean refilling over a period of 10,000 years. But this idea was challenged by the discovery of an erosion channel stretching from the Gulf of Cadiz to the Alboran Sea in 2009. The finding pointed to a single, massive flooding event, lasting between two and 16 years, which became known as the Zanclean megaflood.

Estimates suggest the megaflood had a discharge from 68 to 100 Sverdrups (Sv), with one Sv equal to one million cubic metres per second.




The new research published in the journal Communications Earth & Environment combines newly discovered geological features with geophysical data and numerical modelling to provide the most comprehensive picture yet of the megaflood.

The researchers investigated over 300 asymmetric, streamlined ridges in a corridor across the Sicily Sill -- a submerged land bridge that once separated the western and eastern Mediterranean basins.

"The morphology of these ridges is compatible with erosion by large-scale, turbulent water flow with a predominantly north easterly direction," says Professor Paul Carling, an Emeritus professor in the School of Geography and Environmental Science at the University of Southampton and a coauthor of the study.

"They reveal the immense power of the Zanclean Megaflood and how it reshaped the landscape, leaving lasting imprints on the geological record."

By sampling the ridges, the team found they were topped with a layer of rocky debris containing material eroded from the ridge flanks and the surrounding region, indicating it was deposited there quickly and with immense force.

This layer is right at the boundary between the Messinian and Zanclean periods when the megaflood is believed to have occurred.




Using seismic reflection data -- a kind of geological ultrasound allowing scientists to see layers of rock and sediment beneath the surface, the researchers discovered a 'W-shaped channel' on the continental shelf east of the Sicily Sill.

This channel, carved into the seabed, connects the ridges to the Noto Canyon -- a deep underwater valley located in the eastern Mediterranean.

The shape and location of the channel suggest that it acted like a massive funnel. When the megaflood waters poured over the Sicily Sill, this channel likely carried the water toward the Noto Canyon and into the eastern Mediterranean.

The team developed computer models of the megaflood to simulate how the water might have behaved. The model suggests that the flood would have changed direction and grown in intensity as time went on, reaching speeds of up to 32 meters per second (72 miles per hour), carving deeper channels, eroding more material, and transporting it over longer distances.

"These findings not only shed light on a critical moment in Earth's geological history but also demonstrate the persistence of landforms over five million years," Dr Micallef added. "It opens the door to further research along the Mediterranean margins."

The research was supported by the National Geographic Society, Deutsche Forschungsgemeinschaft, and the David and Lucile Packard Foundation.
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We can make fertilizer more efficiently under the surface of the Earth | ScienceDaily
Instead of relying on energy-hungry reactors to generate high temperatures and pressure, researchers are looking underground at Earth's natural heat and forces to cook up ammonia for fertilizer. In a proof-of-concept study, published January 21 in the Cell Press journal Joule, researchers generated ammonia by mixing nitrogen-laced water with iron-rich rocks -- without any energy input or CO2 emission. This new recipe may lead to a more sustainable alternative to current methods, theoretically churning out enough ammonia for 2.42 million years.


						
The idea stems from an unusual geological phenomenon observed in the 1980s in Mali, West Africa. Locals discovered a well streaming with hydrogen gas, which scientists later traced to a water-rock chemical reaction beneath the Earth's surface.

"It was an 'aha' moment," says senior author Iwnetim Abate of the Massachusetts Institute of Technology (MIT). "We may be able to use Earth as a factory, harnessing its heat and pressure to produce valuable chemicals like ammonia in a cleaner manner."

Ammonia is as a key ingredient in fertilizers and could one day power the future as clean fuel, but today's industrial ammonia production is energy intensive. It consumes about 2% of global energy and releases around 2.4 tons (5,291 lb) of CO2 for every ton (2,204 lb) of ammonia produced, making it the chemical industry's top CO2 emitter.

To test their "Earth factory" idea, Abate and his team built a rock-water reaction system that mimics Earth's subsurface environment. They exposed synthetic iron-rich minerals to nitrogen-laced water, triggering a chemical reaction that oxidized the rock and yielded ammonia, which the team dubbed "geological ammonia." The process required no energy input, emitted no CO2, and even worked under ambient conditions.

The team then swapped the synthetic mineral with olivine, a natural iron-laden rock, to better mimic real-world scenarios. They further optimized the process by adding a copper catalyst and cranking the heat to 300degC (572degF). Within 21 hours, they produced about 1.8 kg (4 lb) of ammonia per ton (2,204.6 lb) of olivine, demonstrating the method's feasibility and sustainability.

"These rocks are all over the world, so the method could be adapted very widely across the globe," says Abate. But still, "there's a whole other level of complexity that we'll need to work through." Implementation will involve drilling into iron-rich rocks deep within Earth, injecting nitrogen-laced water, and grappling with the intricacies of how rocks crack, expand, and interact with gases and liquids.




The idea's economic outlook is encouraging. Producing geological ammonia costs about $0.55 per kilogram (2.2 lb), on par with conventional methods priced at $0.40-$0.80. The research may also open new ways to address wastewater pollution.

"Nitrogen sources are considered as pollution in wastewater, and removing them costs money and energy," says first author Yifan Gao of MIT. "But we may be able use the wastewater to produce ammonia. It's a win-win strategy." Integrating wastewater treatment with ammonia production could yield an additional profit of $3.82 per kilogram of ammonia.

"Ammonia is pretty important for life," says senior author Ju Li of MIT. Apart from microbes, the only other natural way to produce ammonia on Earth is through lightning striking nitrogen gas. "That's why the geological production of ammonia is quite interesting when you think about where life came from."

This work was supported by the National Science Foundation.
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The importance of eco-friendly sensors in global food supply | ScienceDaily
Greenhouses and open farms that welcome visitors to purchase locally grown produce and meat have become increasingly important to food productivity. Not only are farmers looking for ways to monitor conditions to help improve greenhouse crop growth and yield, but keeping harvested food fresh in storage conditions is also a major concern. Smart sensor technology, monitoring and controlling temperature and humidity, plays an essential role in producing enough food to meet the ever-increasing demand for the worldwide population.


						
In Journal of Laser Applications, by AIP Publishing, researchers at Auburn University in Alabama presented paper-based temperature and humidity sensors that are accurate and reliable, as well as eco-friendly.

Measuring temperature and humidity in a variety of crop-growing circumstances has prompted the development of numerous sensors, but ensuring these devices are effective while remaining environmentally friendly and cost-effective is a challenge.

"In recent years, agriculture has been hit heavily by drastic changes in environmental factors such as humidity and temperature, thereby driving the urgency for innovative solutions to enhance productivity and improve quality with minimal environmental impact," said author Masoud Mahjouri-Samani.

Flexible electronics and sensors are quickly and easily manufactured. The print technologies used in producing these sensors include methods such as aerosol-jet printing, inkjet printing, gravure printing, and screen printing. Due to the liquid nature of these techniques and their incompatibility with biodegradable base materials, most printing is done on nonbiodegradable plastics.

Paper is an excellent alternative to these traditional plastic materials. Its cellulose fibers provide a porous surface, and it is biodegradable and abundant.

The research team created temperature and humidity sensors by printing silver lines on four types of commercially available paper through a process called dry additive nanomanufacturing. Changes in the ability to store electrical energy, called capacitance, and resistivity in the printed electrodes are monitored to determine shifts in temperature and humidity. As the paper absorbs water vapor, its capacitance change is measured to reflect the relative humidity of the environment.

The temperature-sensing mechanism relies on changes in resistance. As the temperature increases, the metallic conductor experiences an increase in resistivity.

The sensors proved reliable and sensitive to changes in temperature and humidity levels. They successfully detected changes in relative humidity levels from 20% to 90% and temperature variations from 25C to 50C. Additionally, the biodegradable sensors are affordable and can be reused, and when the time comes, they can be disposed of safely.

"By integrating advanced techniques like dry additive nanomanufacturing with biodegradable substrates, this research combines functionality with environmental responsibility, addressing the growing concern of the disposal of electronic equipment," said Mahjouri-Samani. "This approach offers the potential to revolutionize smart agricultural practices by enabling precise monitoring of key factors in plant growth."
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In chimpanzees, peeing is contagious | ScienceDaily

"In humans, urinating together can be seen as a social phenomenon," says Ena Onishi of Kyoto University.

"An Italian proverb states, 'Whoever doesn't pee in company is either a thief or a spy' (Chi non piscia in compagnia o e un ladro o e una spia), while in Japanese, the act of urinating with others is referred to as 'Tsureshon'. This behavior is represented in art across centuries and cultures and continues to appear in modern social contexts. Our research suggests that this phenomenon may have deep evolutionary roots. We found that chimpanzees, our closest relatives, tend to urinate in response to the urination of nearby individuals."

The researchers decided to study this behavior after noticing that the sanctuary chimpanzees seemed to pee at about the same time. It reminded them of human behavior, and they wondered whether it might be comparable to contagious yawning. To find out, they documented peeing behaviors in the Kumamoto chimpanzees over more than 600 hours, including 1,328 urination events. They analyzed the observational data to see whether peeing among the chimpanzees was significantly synchronized in time. They also explored whether it was influenced by nearby individuals or shaped by social factors.

The evidence showed that urination events were significantly more synchronized during observations than would be expected if the chimpanzees were simply peeing at random times with respect to one another. The likelihood of contagious urination also increased with physical proximity to the initial urinator, they report. Interestingly, individuals with lower dominance ranks were more likely to pee when others were peeing. The finding suggests that urination patterns are influenced by social hierarchy, with a tendency for the behavior to "flow down" the dominance structure, the researchers say.

"We were surprised to discover that the contagion pattern was influenced by social rank," Onishi says. "Since there were no prior studies on contagious urination in any species, we drew parallels to contagious yawning, another semi-voluntary physiological behavior. Based on this, we initially expected that any social influences might resemble those seen in yawning -- such as stronger contagion between socially close pairs. However, our results showed no evidence of effects related to social closeness. Instead, we observed a clear influence of social rank, with lower-ranking individuals being more likely to follow the urination of others."

"This was an unexpected and fascinating result, as it opens up multiple possibilities for interpretation," Shinya Yamamoto, also of Kyoto University, adds. "For instance, it could reflect hidden leadership in synchronizing group activities, the reinforcement of social bonds, or attention bias among lower-ranking individuals. These findings raise intriguing questions about the social functions of this behavior."

The findings may have important implications for understanding and exploring the role of this behavior in maintaining group cohesion, facilitating coordination, or reinforcing social bonds within the group, according to the researchers. It reveals how this seemingly mundane and necessary behavior might be of overlooked social significance.

The researchers say more study is needed to understand the specific functions and mechanisms underlying contagious urination in chimpanzees. They're also curious to know whether this phenomenon exists in other species.
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Scientists uncover structure of critical component in deadly Nipah virus | ScienceDaily
Scientists at Harvard Medical School and Boston University Chobanian & Avedisian School of Medicine have mapped a critical component of the Nipah virus, a highly lethal bat-borne pathogen that has caused outbreaks in humans almost every year since it was identified in 1999.


						
The advance, described Jan. 20 in Cell, brings scientists a step closer to developing much-needed medicines. Currently, there are no vaccines to prevent or mitigate infection with the Nipah virus and no effective treatments for the disease other than supportive care.

The virus, harbored by fruit bats, can be transmitted to pigs and to humans. It can also infect people through contaminated food and can travel directly from person to person via droplets released when coughing. The World Health Organization has declared Nipah virus a priority pathogen, a designation given to organisms that can cause serious outbreaks and require urgent research to inform prevention and treatment strategies.

Nipah virus has the potential to ignite a pandemic, researchers say, because it can spread via airborne droplets and respiratory secretions. Additionally, the researchers note, evidence hints that some infected people who develop milder, nonspecific symptoms may still transmit the virus.

In severe cases, the infection can cause serious respiratory illness and encephalitis, a form of brain inflammation that can lead to devastating neurologic deficits and death. The virus kills between 40 and 75 percent of those infected, according to estimates from the Centers for Disease Control and Prevention. By comparison, Ebola virus kills between 25 and 90 percent of those infected in past outbreaks, with an average death rate of 50 percent.

In the new study, researchers homed in on a part of the viral machinery called the viral polymerase complex, a group of proteins the virus uses to copy its genetic material, spread, and infect cells. The work provides a detailed three-dimensional picture of the virus's polymerase and its key features. Understanding the structure and behavior of this critical piece of the viral machinery illuminates how the pathogen multiplies inside its hosts.

Until now, the structure and function of the Nipah virus polymerase remained poorly understood, researchers said, cautioning that further research would be needed to fully understand how the polymerase makes the different types of genetic materials that enable the virus to multiply.




Nonetheless, the team said, unraveling this piece of the viral apparatus is the critical first step toward profiling the inner workings of a virus that poses a serious threat.

"Identifying how the polymerase is regulated to switch on and switch off the different enzymatic activities that are required for viral replication would be game-changing, and this study represents a key step towards that goal," said study co-corresponding author Rachel Fearns, Chair and Ernest Barsamian Professor of Virology, Immunology & Microbiology at the Boston University Chobanian & Avedisian School of Medicine.

Unraveling the molecular structure of the viral polymerase complex provides a foundation that can inform the design of treatments.

"This new understanding can help us identify the functional properties of the polymerase structure that could be leveraged as drug targets," said co-corresponding author Jonathan Abraham, associate professor of microbiology at Harvard Medical School and an investigator of the Howard Hughes Medical Institute.

Once the researchers worked out the structure of the enzyme, they took a closer look at how different parts of the enzyme affect the different functions that it performs. Understanding the roles of these different parts and how they can adopt different positions offers critical clues for how to block the virus's proliferation.

The researchers conducted the experiments in two different ways. First, they purified the polymerase and determined its structure using cryo-electron microscopy, a technique that allows scientists to visualize the structure of biologic samples at the scale of individual molecules. Second, they induced mutations in the polymerase and then observed how the mutated polymerase behaved in cells to understand how these mutations affected its function.




"Elucidating both the unique and shared characteristics of the Nipah virus polymerases in comparison to other viral polymerases, our study provides critical insights that have the potential to inform the development of broad-spectrum antivirals," said study co-first author Heesu Kim, a researcher in the Fearns Lab.

The researchers note that there is one promising oral drug candidate developed by scientists at Georgia State University that works against viruses related to Nipah but not against Nipah virus itself.

To understand why this drug candidate is ineffective against Nipah virus, the researchers conducted various simulation studies to see whether certain structural tweaks to the viral polymerase would improve the ability of the drug to latch onto the virus. The researchers identified a specific portion of the viral polymerase that could become a drug target. This in turn can inform the design of small-molecule inhibitors that disrupt the viral polymerase and render Nipah virus susceptible to treatment.

"We hope that our findings will spark interest and stimulate additional research by others, enabling new insights into a deadly pathogen," said Side Hu, co-first author on the study and a post-doctoral researcher in the Abraham Lab. "Indeed, we were excited to see other groups share their data openly just as we did and help move the field forward."
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Ancient viral DNA shapes early embryo development | ScienceDaily
Over half of our genomes consists of thousands of remnants of ancient viral DNA, known as transposable elements, which are widespread across the tree of life. Once dismissed as the "dark side" of the genome, researchers at Helmholtz Munich and Ludwig-Maximilians-Universitat (LMU) have now revealed their crucial role in early embryo development.
Unanswered Questions About the Role of Ancient Viral DNA 
Transposable elements, remnants of ancient viral DNA, are reactivated during the first hours and days following fertilization. This dynamic period of early development sees embryonic cells displaying remarkable plasticity, yet the molecular mechanisms and factors that regulate this plasticity remain unclear. Research in models such as mice suggests that transposable elements play a crucial role in cellular plasticity, but it is still uncertain whether this is a universal feature across all mammalian species. The diverse evolutionary origins of these viral remnants raise further questions about their conservation across mammalian genomes. Understanding the regulatory mechanisms governing the activation of transposable elements is essential for advancing reproductive medicine and uncovering the fundamental principles of genome regulation.
Thought to Be Extinct Viral Elements Re-Expressed in Mammalian Embryos
A team of researchers led by Prof. Maria-Elena Torres-Padilla at Helmholtz Munich and LMU set out to explore these ancient DNA sequences by developing a novel method to study their transcription. They created a single-embryo atlas by comparing embryos from several mammalian species, including mouse, cow, pig, rabbit, and the non-human primate, rhesus macaque. Their findings were surprising: The researchers discovered that very old viral elements, previously thought to be extinct, are re-expressed in mammalian embryos. They also found that each species studied expresses distinct types of these elements.
New Avenues for Gene Manipulation and Cell Plasticity Research
These observations show that the activation of transposable elements is conserved across species, and identifying specific elements provides exciting opportunities to manipulate thousands of genes in cells at the same time. "This approach offers a novel way to influence cell fate, such as directing stem cell differentiation, which typically requires the simultaneous manipulation of hundreds of genes," says co-first author Dr. Marlies Oomen. "Our work highlights the importance of understanding the regulatory principles behind transposable elements."
Prof. Torres-Padilla further explains: "Our research uncovered that transposable element activation is a distinctive feature of early embryos in several mammalian species. This finding is significant because these early-stage cells can differentiate into all body cell types. By understanding how these cells regulate ancient viral elements, we gain crucial insights into the mechanisms of cellular plasticity. This study sets the stage for future research into specific regulatory elements, with broad implications for health, disease, and how manipulating these elements could impact cellular processes."
Unprecedented Dataset for Early Development Across Multiple Mammalian Species
In addition to developing a novel methodology that opens new avenues for researchers working with single cells and embryos, this study has generated an unprecedented dataset. Early embryo development is a highly dynamic process that is of great interest to scientists, but most studies tend to focus on a single species, typically mouse or human. This study, however, took an evolutionary approach by comparing multiple mammalian species, allowing the identification of key regulatory pathways shared across mammals. The biological insights gained from this research, combined with the rich dataset, will serve as a valuable resource for researchers in developmental and reproductive biology.
 
About the Researchers
Prof. Maria-Elena Torres-Padilla, Director at the Institute of Epigenetics and Stem Cells at Helmholtz Munich and Professor at the Faculty of Biology at Ludwig-Maximilians-Universitat (LMU).
Dr. Marlies Oomen, Postdoctoral Researcher at the Institute of Epigenetics and Stem Cells at Helmholtz Munich.
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Ecologists uncover significant ecological impact of hybrid grouper release through religious practices | ScienceDaily
Ecologists from the School of Biological Sciences (SBS) and the Swire Institute of Marine Science (SWIMS) at The University of Hong Kong (HKU) have identified significant ecological risks associated with the release of hybrid groupers into Hong Kong's coastal waters, a practice often linked to religious 'mercy release' rituals.


						
Their study highlights how the Tiger Grouper-Giant Grouper hybrid (TGGG), also known as the Sabah grouper, disrupts local marine ecosystems by exploiting unique ecological niches and potentially becoming a dominant predator. This research, the first to use advanced DNA metabarcoding to analyse the diet of this hybrid species, underscores the urgent need for public education and conservation measures to mitigate unintended ecological impacts. The findings have been published in the journal Reviews in Fish Biology and Fisheries.

Hybrid Groupers: A Popular Market Species with Hidden Ecological Threats

The TGGG is a hybrid species bred through aquaculture by crossing the Tiger Grouper (Epinephelus fuscoguttatus) with the Giant Grouper (Epinephelus lanceolatus). Valued for its large size and rapid growth, it is a common sight in Hong Kong's fish markets. Its affordability and impressive size have also made it a popular choice for local mercy release practices, where animals are released into the wild as an act of spiritual merit. However, this seemingly benevolent act has significant ecological consequences.

To explore the potential ecological effects of releasing hybrid groupers into Hong Kong's coastal waters, our research team utilised DNA metabarcoding to analyse the diet of TGGG. Becoming the first to apply this method to study the dietary habits of this hybrid species, the team extracted and sequenced DNA from the hybrid's stomach contents, allowing them to identify its prey, even when the prey was fully digested or fragmented. This innovative approach provides a detailed and accurate picture of the hybrid's dietary habits and its interactions with local marine ecosystems.

Innovative DNA Analysis Highlights the Threat

The study found that the TGGG is a formidable predator with a distinctive diet, feeding on various prey species not typically consumed by native species -- including fish, crustaceans, and cephalopods. By exploiting broader ecological niches and gaps in the ecosystem where resources or habitats are underused, the TGGG disrupts local food webs and is highly likely to thrive and establish itself as a dominant predator.




'Our findings show that the TGGG is not just another introduced species, it has the potential to significantly disrupt trophic dynamics and reshape coastal ecosystems,' said Professor Celia SCHUNTER of HKU SBS and SWIMS, the study's lead investigator.

The researchers warn that the rapid growth, large size, and absence of natural predators in Hong Kong's waters make it an exceptionally competitive species. These traits, combined with the availability of vacant ecological niches, pose a serious threat to the balance of marine biodiversity in Hong Kong's coastal ecosystems.

The study also draws attention to the role of mercy release practices in introducing non-native species like the TGGG into local waters. Dr Arthur CHUNG, the postdoctoral fellow of HKU SBS and SWIMS and co-author of the study, emphasised the importance of addressing these risks, 'This study underscores the need for careful monitoring and management to mitigate the unintended impacts of human activities on biodiversity.'

The researchers stressed that public education and stricter conservation measures are essential to minimising the ecological damage caused by mercy release and other human activities. These efforts are critical for preserving the health of Hong Kong's marine ecosystems.
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Technology for oxidizing atmospheric methane won't help the climate | ScienceDaily
As the atmosphere continues to fill with greenhouse gases from human activities, many proposals have surfaced to "geoengineer" climate-saving solutions, that is, alter the atmosphere at a global scale to either reduce the concentrations of carbon or mute its warming effect.


						
One recent proposal seeks to infuse the atmosphere with hydrogen peroxide, insisting that it would both oxidize methane (CH4), an extremely potent greenhouse gas while improving air quality.

Too good to be true?

University of Utah atmospheric scientists Alfred Mayhew and Jessica Haskins were skeptical, so they set out to test the claims behind this proposal. Their results, published on Jan. 3, confirm their doubts and offer a reality check to agencies considering such proposals as a way to stave off climate change.

"Our work showed that the efficiency of the proposed technology was quite low, meaning widespread adoption of the technology would be required to make any meaningful impact on atmospheric CH4," said Mayhew, a postdoctoral researcher with the university's Wilkes Center for Climate Science & Policy. "Then, our results indicate that if this technology is adopted at scale, then we start to see some negative air-quality side effects, particularly for wintertime particulate matter air pollution."

To conduct the study, the Utah scientists modeled what would happen if you deployed the technology patented by a Canadian company, which is proposing to spray aerosolized hydrogen peroxide, or H2O2, into the atmosphere during daylight hours from 600-meter towers. These towers would approach the height of the world's tallest radio towers.

"When that hydrogen peroxide is in the presence of sunlight, it's going to make a really powerful oxidant, the hydroxyl radical OH," said Haskins, an assistant professor of atmospheric sciences. "That's a natural scrubber in the atmosphere, and it's going to help speed up the conversion of methane to CO2."

Methane is a single-bonded molecule combination of carbon and hydrogen, as opposed to the double-bonded compounds that are far more common in the atmosphere. Hydroxyls are more likely to oxidize those double-bonded molecules, such as the isoprene coming off trees or volatile organic compounds, so OH is just not that efficient for breaking down methane, according to Haskins.




"OH doesn't react fast with methane," Haskins said. "It's reacting with so many other things."

Methane's outsized impact on the climate

While carbon dioxide from fossil fuels gets much of the blame for climate change, methane is also a big contributor. Eventually, methane breaks down into carbon dioxide and water.

The primary ingredient in the natural gas burned in home appliances and power plants, methane, or CH4, packs 76 times more climate-warming punch than carbon dioxide over a 20-year timeframe. Methane persists in the atmosphere for only 12 years, but the gas is blamed for nearly a third of the rise in global temperatures since the Industrial Revolution, according to the International Energy Agency.

Anthropogenic sources, primarily oil, gas and coal operations and landfills, account for 60% of global methane emissions.

Artificially speeding up methane oxidation could slow climate change, but such geoengineering projects could carry adverse environmental impacts, which Haskins's lab seeks to characterize. A recent report from the National Academy of Sciences concluded the unintended consequences of atmospheric methane removal technologies are likely significant but poorly understood. Haskins' study is heeding the report's call to scrutinize these technologies, such as the one that would release vast amounts of hydrogen peroxide.




"We could buy ourselves about 50 years and avoid some of the immediate impacts of climate change if we did this, but no one had actually previously done any side-effects studies to see what was going to happen," Haskins said. "This is very first paper to assess any air quality side effects of such geoengineering solutions."

Geoengineering's potential side effects

Manipulating a system as complex as Earth's atmosphere is an inherently dangerous action, potentially resulting in unforeseen problems.

"There's so many feedbacks that can go on in the climate. Atmospheric chemistry is just one example. You change one thing and you think it's going to do this, but it actually may do the opposite in one place versus the other," Haskins said. "You have to be really careful and do these sorts of assessments. Is this a responsible thing to do? What's the impact going to be?"

By way of example, Haskins raised the troubling history of humanmade gasses called chlorofluorocarbons, or CFCs, which ate into the protective layer of ozone that shields Earth from harmful ultraviolet radiation.

"We started using CFCs in industry as propellants and refrigerants, and suddenly we cause the ozone hole," she said. "And we've been dealing with the consequences of that for 40 years. And we still won't have a fully resolved no-ozone-hole year until probably 2060, so we have to be careful of what we're doing."

Mayhew and Haskins used a global chemical-transport model, called GEOS-Chem, to simulate the proposal to release hydrogen peroxide from towers. The goal was to estimate how much methane would be oxidized under three different emission scenarios, from light to extreme.

Their simulation envisioned the use of 50 towers spread around North America. Replicating the company's proposal, the medium-release scenario called for each tower to spray 612 grams, or 1.35 pounds, per second for 10 hours a day for a year.

"This proposed solution just won't remove any meaningful amount of methane from the atmosphere. It's not going to solve global warming. At most, we found 50 towers could reduce 0.01% of annual anthropogenic methane emissions," Haskins said. "You'd need about 352,000 of them to remove 50% of anthropogenic methane. It's an insane number. And if you did 50 high-emission towers, you'd still need about 43,000."

In the meantime, places with poor wintertime air quality could see particulate pollution get much worse.

"There's potential that future research could show that the air quality impacts of placing these towers close to methane point sources is minimal if they're activated at certain times of the year, and far from large population centers," Mayhew said. "If that's the case, then this technology (or similar approaches) could play a very small role in combating warming, but it's clear from our work that the air-quality side effects should be placed as a central consideration for any proposed real-world implementation of technology like this."
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Research on past hurricanes aims to reduce future risk | ScienceDaily
Tropical storms like hurricanes are not only terrifying, but also incredibly costly for coastal regions across the United States, Mexico, Central America and the Caribbean. Beyond the immediate devastation, these storms contribute to significant economic losses and human displacement. In 2023 alone, climate migration linked to such events saw 2.5 million individuals attempt to cross the U.S. southern land border.


						
New research led by The University of Texas at Arlington emphasizes that studying the impacts of past tropical storms can help communities better prepare for future storms. A key part of the study is analyzing the types and quantities of storm-related precipitation in affected regions to understand its role on local water resources. By mitigating excessive damage, such preparation could enable more people to remain in their home countries. This is increasingly urgent as climate change is expected to make tropical storms 10-15% more frequent and intense.

"We already know that tropical storms have a huge impact on water resources in communities, but few studies have examined the water runoff from these events and how they impact local populations -- that's where our research comes in," said Ricardo Sanchez-Murillo, lead author of the study and associate professor of earth and environmental sciences at UTA.

Dr. Sanchez-Murillo and his team, in collaboration with international partners from hurricane-prone regions in the Bahamas, Costa Rica, the Dominican Republic, El Salvador, Honduras, Jamaica, Mexico, Nicaragua, and Trinidad and Tobago, analyzed water "fingerprints" known as isotopic compositions. By studying isotopic data from past storms, they provided new insights into how storm-related precipitation influences regional water cycles, adding depth to our understanding of these weather events.

"Our comprehensive analysis of isotopic compositions in tropical storm-derived precipitation offers a deeper understanding of the role these weather systems play in regional water cycles and climate predictions," said Sanchez-Murillo. "These results underscore the significance of accounting for storm-related precipitation. We feel that understanding precipitation impacts will help communities better prepare for extreme storms and manage local water resources both before and after the storms."

The research team, which includes researchers from Brown University, Clemson University, Florida International University, Humboldt University, Oberlin College, Rice University, the University of Aberdeen, the University of Houston, the University of Tennessee and Washington State University, plans to expand its work. Future studies will investigate evaporation and groundwater recharge patterns resulting from tropical storms, as well as how storm paths might shift due to climate change.

"This research has broad implications for improving our understanding of how tropical storms impact water resources and climate, leading to better predictions and management strategies," Sanchez-Murillo said.

This research was funded in part from grants from the International Atomic Energy Agency and an Early Career Fellowship from the Gulf Research Program of the National Academics of Science, Engineering, and Medicine.
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Extreme rain heightens E. coli risks for communities of color in Texas | ScienceDaily
Nobody wants to share a day on the water with E. coli.


						
The bacteria is a sure sign of fecal contamination, which is washed into waterways from farm fields or sewage systems by rain. The microbes are also dangerous -- exposure to E. coli can lead to illness, hospitalization and even death.

Still, as many beachgoers know, it's not uncommon for E. coli to temporarily shut down lakes and other recreational waters across the U.S. Now, research led by the University of Michigan shows that communities of color in Texas face pronounced risks of E. coli exposure in nearby waters following storms that dump abnormally high amounts of rain.

"E. coli is the leading cause of water quality impairments in the United States, and exposure to this pollution is not evenly distributed. We're also seeing that extreme precipitation has a disproportionate effect on E. coli pollution," said lead author Xiaofeng Liu, a postdoctoral researcher at the U-M School for Environment and Sustainability and a Schmidt AI in Science fellow at the Michigan Institute for Data and AI in Society.

Liu and colleagues worked with E.coli, climate, environmental and socioeconomic data available for the state of Texas between 2001 and 2021. Using computational models, the team could spot when and where the extreme rainfall had the greatest impact on E. coli levels, while uncovering associations between these impacts and socioeconomic factors.

The patterns were complex, but a couple of clear results emerged.

Communities in the north and east with higher percentages of Black residents had higher concentrations of E. coli flushed into their recreational waters by extreme rain in winter.




Predominantly Latino communities -- where the majority of residents were of Latin American descent -- in the southern and western parts of the state experienced outsize E. coli increases following intense storms in September.

"This is a complicated issue. The communities live in these places all the time, but the rainfall impact is different in different seasons," Liu said.

There are numerous social, historical, geological and meteorological variables at play for understanding this seasonality and location dependence, which are not all captured by available data, she says.

Still, when coupled with the team's computational analysis, there is enough data to identify when and where contamination is most likely to occur. And with that knowledge, people can start looking for opportunities to prevent or combat the influx of E. coli.

"This can inform local governments and environmental agencies and help develop targeted policies and targeted water management practices to help these impacted communities," Liu said.

This work, published in the journal of Science of the Total Environment, was part of a larger project looking at water quality issues and their relationship to social factors.




That project also yielded another recent report -- led by Runzi Wang, assistant professor at the University of California, Davis -- looking at E. coli levels and trends throughout Texas. That report showed that not only did Black and Latino communities tend to reside near water with higher concentrations of E. coli, so did economically disadvantaged communities.

Liu and her colleagues did not observe a similar correlation between income level and extreme rainfall impacts on E. coli concentrations during their investigation. But they did find that lower-income areas were more likely to experience an increase in extreme rainfall intensity heading forward.

"The regions with this increasing trend also tended to have higher percentages of lower-income residents," Liu said. "So even though there isn't a correlation now, climate variability could amplify the effect for lower-income communities in the future."

The team focused their initial study on Texas because E. coli is a serious and known problem. About a third of the streams in Texas are polluted by bacteria, Liu said, but the state also has a robust monitoring system.

Because of that, the team could validate their methods while also performing useful analysis. The researchers now plan to extend their work to other locations in the U.S.

"With this study, we wanted to demonstrate our framework to connect surface water quality with social factors," Liu said. "Our model is definitely applicable to other regions."
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Researcher studies the power of native plants to combat road salt pollution | ScienceDaily
Salt pollution in freshwater is a growing global concern.


						
Excessive salt harms plants, degrades soil, and compromises water quality. In urban areas, road salts used for de-icing during winter often wash into stormwater systems, posing health concerns and challenges for infrastructure.

Specifically, salts can impact the processes like filtration and contaminate retention basins that are used to manage and treat urban stormwater runoff. Megan Rippy, assistant professor in civil and environmental engineering, is on a mission to understand how salt affects plants in stormwater detention basins and assess whether certain plants can mitigate salt pollution through a process called phytoremediation.

"Plants play an important role in green infrastructure performance, but only 1 percent of plants, known as halophytes, can handle highly saline environments," said Rippy. "This makes it important to characterize the threat salts pose to green infrastructure as well as the potential of salt tolerant species to mitigate that threat."

Rippy led a yearlong study funded by a National Science Foundation Growing Convergence Research program award. She studied stormwater detention basins in Northern Virginia, exploring the impacts of road salts on plants, soils, and water quality in green infrastructure systems. These basins, designed to manage stormwater runoff and improve water quality, face challenges from road salts used during winter months.

The research published in Science of the Total Environment shows that the amount of salt present in green infrastructure systems does reach levels that threaten plant communities. However, relying on salt-tolerant plants to mitigate the program is unlikely to be effective because they simply don't assimilate enough salt.

Salt levels and plant resilience

The research found that basins draining roads exhibited the highest salt levels, causing significant stress to plants. Parking lots were next with moderate salt levels, while basins draining grassy areas had little to no salt stress.




Of the 255 plant species identified in the basins, 48 native species showed the ability to tolerate high salt concentrations. Certain plants, particularly cattails, absorbed substantial amounts of salt, significantly higher than other species.

The researchers focused on 14 detention basins across Northern Virginia, measuring salt levels in water, soil, and plant tissues throughout the four seasons. The water samples were analyzed at the Occoquan Watershed Monitoring Laboratory for electrical conductivity and major salt ions. The basins provide drainage for different types of land, including roads, parking lots, and grassy areas.

Can plants solve the salinity problem?

While salt-tolerant plants like cattails showed promise, their impact on overall salt removal was limited. Even in a basin densely planted with cattails, only about 5 to 6 percent of the road salt applied during winter could be removed. This suggests that phytoremediation alone cannot resolve salt pollution but could complement broader salt management strategies that also address winter salt application.

"The amount of salt cattails remove is roughly equivalent to the mass of one to two adults," said Rippy. "That pales in comparison to the amount we actually apply to the roads and parking lots, suggesting that we shouldn't expect plants to be a silver bullet solution to our salinization problem."

Climate change also may alter salt stress dynamics in stormwater systems. As winters in transitional climate zones become milder with more rain and less snow, the amount of salt applied to roads could decrease. This shift might bring salt levels in basins more in line with plants' ability to absorb and process the salinization.




However, regions with persistent snow cover may experience different challenges, such as delayed deicer wash-off and plant emergence, which could affect salt stress profiles and phytoremediation capacity.

Resilient systems for managing urban salt pollution

This study provides valuable insights into the interplay between plants, salt pollution, and green infrastructure. By understanding how plants tolerate and process salt, Rippy is one step closer to developing sustainable solutions for protecting freshwater ecosystems.

While plants alone cannot solve our salt pollution problem, their role in integrated management strategies is critical. This can offer guidance for urban planners, engineers, and environmental scientists to design more effective stormwater systems to manage runoff, reduce salt pollution, and create greener, more resilient cities.
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Bacteria in polymers form cables that grow into living gels | ScienceDaily
Scientists at Caltech and Princeton University have discovered that bacterial cells growing in a solution of polymers, such as mucus, form long cables that buckle and twist on each other, building a kind of "living Jell-O."


						
The finding could be particularly important to the study and treatment of diseases such as cystic fibrosis, in which the mucus that lines the lungs becomes more concentrated, often causing bacterial infections that take hold in that mucus to become life threatening. This discovery could also have implications in studies of polymer-secreting conglomerations of bacteria known as biofilms -- the slippery goo on river rocks, for example -- and in industrial applications where they can cause equipment malfunctions and health hazards.

The work is described in a paper published on January 17 in the journal Science Advances.

"We've discovered that when many bacteria grow in fluids containing spaghetti-like molecules called polymers, such as mucus in the lungs, they form cable-like structures that intertwine like living gels," says Sujit Datta, a professor of chemical engineering, bioengineering, and biophysics at Caltech and corresponding author of the new paper. "And, interestingly, there are similarities between the physics of how these structures form and the microscopic physics underlying many nonliving gels, like Purell or Jell-O."

Datta recently moved to Caltech from Princeton University. One of his graduate students at Princeton, Sebastian Gonzalez La Corte, is lead author of the paper. He and Datta had been interested in how mucus concentration changes in the lungs and guts of cystic fibrosis patients -- in whom more polymers than usual are present. Working with mucus samples provided by colleagues at MIT, Gonzalez La Corte grew E. coli bacteria (commonly used in laboratory studies) in regular liquid and in cystic fibrosis-like samples and then observed the specimens under a microscope to watch how the bacterial cells grew in each case.

He focused on cells that had lost the ability to swim, as is the case for many bacteria in nature. Under normal circumstances, when such a cell divides into two, the resulting cells separate and diffuse away from each other. However, Gonzalez La Corte found that in a polymeric solution, the copied cells remained stuck to each other, end to end.

"As cells continue to divide and stick to each other, they start to form these beautiful long structures that we call cables," Gonzalez La Corte says. "At some point, they actually bend and fold on each other and form an entangled network."

The team found that the cables continue to elongate and grow as long as the cells have the nutrients they need, eventually creating chains that are thousands of cells long.




Subsequent experiments showed that it does not seem to matter which bacterial species are introduced, nor does the type of organic polymer solution make a difference; once enough polymer surrounds the bacterial cells, the cables grow. The researchers even saw the same result with bacteria in synthetic polymers.

Although the initial motivation for the study was to better understand the growth of infections in patients with cystic fibrosis, the findings are more broadly relevant. Mucus plays an important role in the human body, not only in the lungs but also in the gut and in the cervicovaginal tract. And Datta says the work is also important in the context of biofilms, groupings of bacteria that grow an encapsulating polymer matrix of their own. There are biofilms in the human body, such as dental plaque, but they are also extremely common in soil and in industrial settings, where they can damage equipment and cause health hazards.

"That polymer matrix that they've secreted is what makes biofilms so tough to remove from surfaces and treat with antibiotics," Datta says. "Understanding how cells grow in that matrix could be key to discovering how to better control biofilms."

Understanding the Physics Behind the Cables

Through carefully designed experiments, the team found that the external pressure exerted by the polymers surrounding the dividing cells is what forces the cells together and holds them in place. In physics, such an attractive force that is under the control of an outside pressure is called a depletion interaction. Gonzalez La Corte used the theory of depletion interaction to create a theoretical model of bacterial cable growth. The model can predict when a cable will survive and grow in a polymeric environment.

"Now we can actually use established theories from polymer physics, which were developed for completely different things, in these biological systems to quantitatively predict when these cables will arise," Datta says.




Why Do the Bacteria Form These Cables?

"We discovered this interesting, unusual, very unexpected phenomenon," Datta says. "We can also explain why it happens from a mechanistic, physics perspective. Now the question is: What are the biological implications?"

Interestingly, there are two possibilities: The bacteria could be clumping together to form this network of living gel in an effort to make themselves larger and therefore more difficult for immune cells to engulf and destroy. Alternately, cable formation could actually be harmful to the bacteria. After all, the secretions from the host cause the bacteria to build the cables. "Mucus isn't static; for example, in the lungs, it's being constantly swept up by little hairs on the surface of the lungs and propelled upward," Datta says. "Could it be that when bacteria are all clumped together in these cables, it's actually easier to get rid of them -- to expel them out of the body?"

For now, no one knows which possibility is correct, and Datta says that is what makes this project remain interesting. "Now that we have found this phenomenon, we can frame these new questions and design further experiments to test our suspicions," he says.
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Rotavirus protein NSP4 manipulates gastrointestinal disease severity | ScienceDaily
Researchers at Baylor College of Medicine and collaborating institutions have improved our understanding of how rotavirus, the most common cause of acute gastroenteritis in children, makes people sick. The study published in Science Advances is among the first to show that the rotavirus protein NSP4 is both necessary and sufficient for multiple aspects of rotavirus infection by disrupting calcium signaling not only within infected cells but also in nearby uninfected cells. These disruptions in calcium signaling affect rotavirus disease severity, providing new insights into how NSP4's function influences rotavirus virulence. The findings suggest that manipulating NSP4 could lead to new strategies to prevent or treat rotavirus infections.


						
"Rotavirus alone accounts for one-quarter of all cases of severe pediatric acute gastroenteritis, which typically presents with watery diarrhea, vomiting, fever and abdominal pain. Currently, nearly 500,000 children worldwide die from this condition every year," said corresponding author Dr. Joseph Hyser, associate professor of molecular virology and microbiology, as well as part of the Alkek Center for Metagenomic and Microbiome Research and member of the Dan L Duncan Comprehensive Cancer Center at Baylor. "Although oral rehydration therapy and live-attenuated rotavirus vaccines have helped reduce the burden of rotavirus acute gastroenteritis in children worldwide, there is still room for improvement."

In the current study, Hyser and his colleagues looked deeper into how functions of NSP4 during rotavirus infection contribute to disease severity in hopes of finding a novel approach to treat or prevent the disease. In a previous study, the researchers discovered that rotavirus triggers aberrant calcium signals known as 'intercellular calcium waves' that radiate from infected cells to neighboring uninfected cells and that inhibition of these signals lessened disease severity.

"The results indicated that it was likely that calcium waves contributed to rotavirus replication and virulence; however, it was not clear how the virus triggered this signal," Hyser said. "We already had evidence that placed NSP4 at the top of the list of viral proteins that could be involved in triggering calcium waves."

Working with existing human and porcine virulent and attenuated rotavirus strains, as well as novel genetic recombinant strains generated by a reverse genetics system, the team examined the role of NSP4 in the induction of calcium waves and its connection to disease severity using a range of experimental models, including cells grown in the lab, intestinal organoid cultures and animal models.

The researchers found that the ability of rotavirus to generate calcium waves was fully attributable to NSP4, such that expression of NSP4 in cells, even in the absence of rotavirus infection, generated calcium waves indistinguishable from a native infection.

Importantly NSP4 from attenuated rotaviruses, which cause milder or no disease, induced fewer calcium waves than NSP4 from virulent strains and inserting the attenuated NSP4 into a virulent rotavirus strain both decreased the number of calcium waves it produced and decreased its ability to cause diarrhea in an animal model.




"We found that the ability of rotavirus to generate calcium waves goes hand in hand with NSP4, expression of NSP4 alone is sufficient to generate calcium waves, and multiple aspects of rotavirus disease severity correlated with the ability to generate calcium waves," Hyser said.

Furthermore, calcium waves also triggered an immune response, implicating calcium dysregulation as a means of viral recognition.

"Altogether, the evidence suggested that NSP4 seemed to be involved in inducing calcium waves linked to both rotavirus disease severity and host cell responses to this aberrant level of calcium signaling," Hyser said.

The findings may apply beyond rotavirus to other viruses carrying proteins similar to NSP4 that could be involved in disrupting calcium signaling.

Other contributors to this work include J. Thomas Gebert, Francesca J. Scribano, Kristen A. Engevik, Ethan M. Huleatt, Michael R. Eledge, Lauren E. Dorn, Asha A. Philip, Takahiro Kawagishi, Harry B. Greenberg and John T. Patton. The authors are affiliated with one or more of the following institutions: Baylor College of Medicine, Indiana University and Stanford University School of Medicine.

The study was supported by National Institutes of Health grants (NICH R01AI158683, R01DK115507, NIH S10OD028480, NIH F30DK131828, NIH F31DK132942, NIH F32DK130288 and NIH T32DK007664) and the McNair Foundation M.D./Ph.D. Scholars Program.
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Direct measurements can reduce uncertainty in soil carbon credit markets | ScienceDaily
Directly measuring soil carbon rather than relying on predictive models can provide hard evidence of how much carbon is being stored, allowing for better assessments of confidence in carbon markets for croplands, according to a study co-authored by Yale School of the Environment scientists and recently published in Environmental Research Letters.


						
The researchers also found that using appropriate study designs applied to the real-world scale of agriculture allows for feasible verification of how much carbon is being stored in soil through climate-smart practices, including growing crops to cover soil and not disturbing soil through tillage. The direct measurement method, when coupled with study designs that are common to fields such as epidemiology, can also be used for quantifying how climate-smart practices affect soil health and other desired outcomes, the authors noted.

"The study suggests that we can do direct measurements at scale, taking its application beyond carbon markets to other greenhouse gas accounting efforts like those conducted by countries to report their national emissions," said co-author Mark Bradford, the E.H. Harriman Professor of Soils and Ecosystem Ecology, who was involved in the work through the Yale Applied Science Synthesis Program, an initiative of the Yale Center for Natural Carbon Capture and The Forest School at YSE.

Natural carbon solutions, which include managing croplands to enhance carbon storage, is considered essential by the Intergovernmental Panel on Climate Change (IPCC) to help mitigate the impacts of the climate crisis, Bradford noted. Soil organic carbon (SOC) accounting and crediting primarily uses measure-and-model approaches, relying on predictive biogeochemical models informed by small field trials and limited direct measurement, but their real-world accuracy for predicting outcomes on commercial farms is uncertain, he said. Instead of relying on predictions from models, the researchers found that a "measure and remeasure" approach using soil samples collected across hundreds of fields can provide reliable evidence of how much carbon is being stored.

Measuring changes in the amount of carbon stored in soils accurately is challenging, Bradford said. Soil carbon changes slowly against a large background stock, meaning that measuring change requires collecting and analyzing many samples. At small scales, this method has long been considered too costly.

The research team found that sampling 10% of fields across many farms -- up to tens of thousands of acres -- over longer time frames can provide reliable data. By directly measuring and remeasuring soil carbon using causal study designs, the credits sold are much more likely to reflect actual carbon storage, helping buyers feel confident their money is supporting real climate benefits and, at the same time, shrinking costs as projects are scaled up, the authors conclude. The approach also could be useful for validating the suitability of predictive models currently used for other cropland greenhouse gas accounting purposes, such as the internal accounting that companies do to meet their net-zero goals, they added.

To help farmers calculate the cost-benefit of soil management projects, Eric Potash, a research scientist with the Agroecosystem Sustainability Center (ASC) at the University of Illinois who led the study, developed an open-source web app that allows users to explore the costs and profitability of soil carbon projects based on specific parameters: project size, duration, analysis costs, and sampling strategy.

"This study suggests that people may be able to reliably quantify how much soil carbon is changing due to adoption of climate-smart agricultural and regenerative practices," Bradford said. "If you can address the measurement and verification concerns around how soil carbon stocks are actually responding, it will help prioritize policies and investments that achieve soil restoration and protection, leading to improved water and nutrient retention in soils, aeration, and soil biodiversity. Such healthy soils will be more resilient to extreme weather and build food security."

The study was also co-authored by Emily Oldfield '05, '11 MESc, '19 PhD, a soil scientist at the Environmental Defense Fund, and Kaiyu Guan, director of ASC.
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AI transforms label-free photoacoustic microscopy into confocal microscopy | ScienceDaily
A research team at POSTECH, led by Professors Chulhong Kim (Department of Electrical Engineering, Department of Convergence IT Engineering, Department of Mechanical Engineering, Department of Medical Science and Engineering, Graduate School of Artificial Intelligence) and Jinah Jang (Department of Mechanical Engineering, Department of Convergence IT Engineering, Department of Medical Science and Engineering), alongside doctoral candidate Eunwoo Park, Dr. Sampa Misra (Department of Convergence IT Engineering), and Dr. Dong Gyu Hwang (Center for 3D Organ Printing and Stem Cells), has developed a technology that surpasses the constraints of traditional imaging methods, providing stable and highly accurate cell visualization. Their findings were published in Nature Communications.


						
In life sciences, confocal fluorescence microscopy (CFM) is widely regarded for producing high-resolution cellular images. However, it requires fluorescent staining, which poses risks of photobleaching and phototoxicity, potentially damaging the cells under study. Conversely, mid-infrared photoacoustic microscopy (MIR-PAM) allows for label-free imaging, preserving cell integrity. Yet, its reliance on longer wavelengths limits spatial resolution, making it difficult to visualize fine cellular structures with precision.

To bridge these gaps, the POSTECH team developed an innovative imaging method powered by explainable deep learning (XDL). This approach transforms low-resolution, label-free MIR-PAM images into high-resolution, virtually stained images resembling those generated by CFM. Unlike conventional AI models, XDL offers enhanced transparency by visualizing the transformation process, ensuring both reliability and accuracy.

The team implemented a single-wavelength MIR-PAM system and designed a two-phase imaging process: (1) The Resolution Enhancement phase converts low-resolution MIR-PAM images into high-resolution ones, clearly distinguishing intricate cellular structures such as nuclei and filamentous actin, and (2) the Virtual Staining phase produces virtually stained images without fluorescent dyes, eliminating the risks associated with staining while maintaining CFM-quality imaging. This innovative technology delivers high-resolution, virtually stained cellular imaging without compromising cell health, offering a powerful new tool for live-cell analysis and advanced biological research.

Professor Chulhong Kim remarked: "We have developed a cross-domain image transformation technology that bridges the physical limitations of different imaging modalities, offering complementary benefits. The XDL approach has significantly enhanced the stability and reliability of unsupervised learning." Professor Jinah Jang added, "This research unlocks new possibilities for multiplexed, high-resolution cellular imaging without labeling. It holds immense potential for applications in live-cell analysis and disease model studies."

This research was made possible through support from the Ministry of Education, the Ministry of Science and ICT, the Korea Medical Device Development Fund, the Korean Fund for Regenerative Medicine, the Korea Institute for Advancement of Technology (KIAT), the Artificial Intelligence Graduate School Program (POSTECH), BK21 FOUR, and the Glocal University 30 Project.
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Three million years ago, our ancestors were vegetarian | ScienceDaily

The consumption of animal resources, especially meat, is considered a crucial turning point in human evolution. This protein-rich food has been linked to the increase in brain volume and the ability to develop tools. However, direct evidence of when meat emerged among our early ancestors, and of how its consumption developed though time, has been elusive. A team of researchers from the Max Planck Institute for Chemistry in Germany and the University of the Witwatersrand in South Africa (Wits University) now provide evidence that human ancestors of the genus Australopithecus that lived in southern Africa between 3.7 and 3.3 million years ago subsisted mostly on plants.

The research team analyzed stable isotope data from tooth enamel of Australopithecus individuals found in the Sterkfontein cave near Johannesburg, part of South Africa's "Cradle of Humankind," an area known for its rich collection of early hominins fossils. They compared the isotopic data of Australopithecus with that from tooth samples of coexisting animals, including monkeys, antelopes, and large predators such as hyenas, jackals, and big cats.

Tooth enamel preserved dietary signatures

"Tooth enamel is the hardest tissue of the mammalian body and can preserve the isotopic fingerprint of an animal's diet for millions of years," says geochemist Tina Ludecke, lead author of the study. Ludecke has led the "Emmy-Noether Junior Research Group for Hominin Meat Consumption" at the Mainz-based Max Planck Institute for Chemistry since 2021 and is an Honorary Research Fellow at the Evolutionary Studies Institute of the University of the Witwatersrand in Johannesburg. She regularly travels to Africa to sample fossilized teeth for her analysis. Wits University owns the Sterkfontein Caves and is the custodian of the Australopithecus fossils.

When animals digest food, biochemical reactions favor the "light" isotope of nitrogen (14N). Consequently, the degradation products that are produced in their body contain high proportions of 14N. The excretion of these "light" nitrogen compounds in urine, feces, or sweat increases the ratio of "heavy" nitrogen (15N) to this "light" nitrogen the body in comparison to the food it eats. This means that herbivores have a higher nitrogen isotope ratio than the plants they consume, while carnivores in turn have a higher nitrogen isotope ratio than their prey. Therefore, the higher the 15N to 14N ratio in a tissue sample, the higher is the trophic position of the organism in the food web.

Nitrogen isotope ratios have long been used to study the diets of modern animals and humans in hair, claws, bones and many other organic materials. However, in fossil material, these measurements have previously been limited to samples that are only a few tens of thousands of years old due to the degradation of organic material over time. In this study, Tina Ludecke used a novel technique developed in Alfredo Martinez-Garcia's laboratory at the Max Planck Institute for Chemistry, to measure nitrogen isotopes ratios in fossilized tooth enamel that is millions of years old.




Evidence of mostly plant-based food

The team of researchers found that the nitrogen isotope ratios in the tooth enamel of Australopithecus varied, but were consistently low, similar to those of herbivores, and much lower than those of contemporary carnivores. They conclude that the diet of these hominins was variable but consisted largely or exclusively of plant-based food. Therefore,Australopithecus did not regularly hunt large mammals like, for example, the Neanderthals did a few million years later. While the researchers cannot completely rule out the possibility of occasional consumption of animal protein sources like eggs or termites, the evidence indicates a diet that was predominantly vegetarian.

Further research on fossilized tooth enamel

Ludecke's team plans to expand their research, collecting more data from different hominin species and time periods. They aim to examine fossils from other key sites in eastern and southern Africa as well as southeast Asia to explore when meat consumption began, how it evolved, and whether it provided an evolutionary advantage for our ancestors.

"This method opens up exciting possibilities for understanding human evolution, and it has the potential to answer crucial questions, for example, when did our ancestors begin to incorporate meat in their diet? And was the onset of meat consumption linked to an increase in brain volume?" says Alfredo Martinez-Garcia, from the Max Planck institute for Chemistry.

"This work represents a huge step in extending our ability to better understand diets and trophic level of all animals back into the scale of millions of years. The research provides clear evidence that its diet did not contain significant amounts of meat. We are honoured that the pioneering application of this new method was spearheaded at Sterkfontein, a site that continues to make fundamental contributions to science even 89 years after the first hominin fossils were discovered there by Robert Broom," says Professor Dominic Stratford, Director of Research at the Sterkfontein Caves and co-author of the paper.

The study was funded by the Max Planck Society. Tina Ludecke's research group is supported by the Emmy Noether program of the German Research Foundation (DFG).
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Researchers (plus dogs) discover new truffle species | ScienceDaily
Michigan State University researchers -- along with colleagues at the University of Florida, citizen scientists and their "truffle dogs" -- have discovered two new species of truffle.


						
Tuber canirevelatum, meaning the 'dog-found' truffle, was named in honor of truffle dogs and Monza, the dog who discovered it with her trainer Lois Martin. The other, Tuber cumberlandense, was named for the Cumberland Plateau where it was found by Margaret Townsend and her truffle dog, Luca.

T. canirevelatumdid not look or smell like anything known to grow in North America so, curious to know what it was, Martin mailed it to the lab of Gregory Bonito, associate professor in the Department of Plant, Soil and Microbial Sciences at the MSU College of Agriculture and Natural Resources. Bonito and his undergraduate research student, Alassane Sow, lead author on the study, used DNA analyses to identify the two truffles and to place them in the tree of life.

"Receiving these samples was very exciting, especially because they looked very similar to the well-known edible European truffles Tuber macrosporumand Tuber aestivum,"Sow said. "We hope that by describing both of these species there will be increased interest in cultivating North American truffles. Our analyses show that each has aromatic compounds found in some of the most valuable truffle species."

Due to their rarity, truffles are expensive and highly prized in the culinary world. According to Bonito, both these new truffle species have economic potential. "In international markets, fresh truffles are sold for hundreds and thousands of dollars per kilogram," Bonito said.

Although T. cumberlandense has been harvested in truffle orchards and in woodlands and has been sold under various names, the analysis showed that it is a distinct and previously undescribed species native to North America, Bonito said.

Currently, efforts are underway in Kentucky to cultivate this native truffle by the distiller Maker's Mark.




"This particular species enjoys a symbiotic relationship with their host, white oaks, growing from their roots and providing nutrition to the trees," Bonito said. "Maker's Mark is interested in cultivating T. cumberlandense because they store their whiskey in white oak barrels. They will be reforesting their land in Kentucky with white oaks for the barrels and hope one day to harvest truffles as well; perhaps they will even create truffle-infused whiskey."

Historically, the attention has been on cultivating and selling European truffle species, but there is growing interest in cultivating, wild-harvesting and selling species of truffles native to North America.

Bonito said more and more people are trying to grow truffles, which means more truffle dogs are needed for sniffing out these fungal fruits since they grow underground.

"If you have $20,000 of truffles growing underground, you need to find them before they perish, so the dogs are very important," Bonito said.

Bonito, along with Matthew Smith from the Department of Plant Pathology at the University of Florida, has been surveying and identifying native North American truffles since before 2010. Bonito and Smith received NSF-funding in 2020 to research the evolution of truffles, morels and their relatives known as Pezizales, which supported this work.

Benjamin Lemmond, a member of the Smith lab in Florida, said, "Truffles are some of the most mysterious and alluring fungi on the planet. They live their lives underground, out of sight, but people all around the world are eager to find them and enjoy their unique culinary qualities. This study shows that there are still undiscovered truffles right under our nose, so to speak, and that without the help of dogs (and their incredible noses) we might never find them."

In addition to naming and describing these new species, Bonito said that each species of truffle produces a unique aroma, which is the basis for the culinary potential of truffles and, therefore, their value.




Bonito and Sow worked with MSU's Randy Beaudry, professor in the Department of Horticulture, to qualify and characterize the volatiles using gas chromatography. Volatiles are the chemical compounds that create a truffle's aroma.

"This instrument allowed us to measure the volatile organic compounds released by a truffle," Sow said. "We found that T. canirevelatum was enriched in compounds such as dimethyl sulfide and methyl 1-propenyl sulfide, which contribute to the truffle's savory garlic aroma. In T. cumberlandense, we found the compounds dimethyl sulfide (found in the Perigord black truffle and the Piedmont white truffle) and 2,4-dithiapentane (commonly used when making synthetic truffle products)."

"Our research reinforces the importance of using trained truffle dogs in tuber research and truffle farming," Bonito said. "We suspect many native tuber species remain to be discovered and described. This task will be enhanced through the continued collaboration between mycologists -- scientists who study fungi -- the public and trained truffle dogs."
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Reading the genome and understanding evolution: Symbioses and gene transfer in leaf beetles | ScienceDaily
Researchers from the Max Planck Institute for Chemical Ecology in Jena, the Max Planck Institute of Biology in Tubingen, Germany, and a consortium of international scientists explored the evolutionary success of leaf beetles, the most diverse herbivores on Earth. They showed that symbioses with bacteria have evolved repeatedly and independently in different beetle lineages, and contribute significantly to the efficient digestion of plant food. These symbiotic relationships provide clues as to how genetic material was exchanged between bacteria and beetles. Key findings highlight the role of horizontal gene transfer, the incorporation of foreign bacterial genetic material into the beetle genome, which is thought to be the result of earlier symbioses. Overall, the study emphasizes the importance of microbial partnerships and genetic exchange in shaping the dietary adaptations of leaf beetles, which facilitated the evolutionary success of leaf beetles.


						
With more than 50,000 described species, the leaf beetle family is distributed worldwide and represents about a quarter of the species diversity of all herbivores. Leaf beetles can be found to feed on almost all plant groups. They live in the rhizosphere, the canopy and even underwater. Many leaf beetles, such as the Colorado potato beetle, are notorious pests. Their species richness and global distribution highlight their evolutionary success, which is particularly astonishing given that leaves are a difficult food source to digest and provide unbalanced nutrients.

Researchers from the Department of Insect Symbiosis at the Max Planck Institute for Chemical Ecology in Jena and the Mutualisms Research Group at the Max Planck Institute for Biology in Tubingen, Germany, have now asked how leaf beetles have overcome these dietary challenges throughout evolution. Do different leaf beetle species use the same strategy, or have they found other ways to achieve their nutritional goal?

Understanding the role of foreign genetic material

Almost all leaf beetles have incorporated foreign genetic material into their genome, which is responsible for the production of enzymes necessary to digest plant cell wall components. For example, pectinases are enzymes that break down pectins -- indigestible dietary fibers for humans, but metabolized by many bacteria. Approximately half of the species of leaf beetles live in close association with symbiotic bacteria. These symbionts provide the beetles with important digestive enzymes to help them break down food components. They often also provide the beetles with vitamins and essential amino acids.

The researchers know from their own previous studies that the beetles use both pectinases from their own genome and those encoded by symbionts. "These digestive enzymes are essential for the beetles' survival. However, we only have a fragmentary understanding of which beetle species need symbiotic bacteria for digestion, which do not, and where the beetles' pectinases come from. We wanted to reconstruct the evolutionary scenarios that led to today's distribution patterns through comparative studies of all leaf beetle groups," explains first author Roy Kirsch.

With the support of national and international colleagues, the team carried out genome and transcriptome analyses of 74 leaf beetle species from around the world. Through this comparative analysis across all leaf beetle subfamilies, the researchers could understand how the current distribution of the beetle's enzymes and symbiont-encoded enzymes has evolved. "We were also able to demonstrate that horizontal gene transfer, a phenomenon that describes the incorporation of foreign genes from bacteria into the genome, is quite common in leaf beetles. Both symbiosis and horizontal gene transfer have strongly influenced the evolution of insects," says Roy Kirsch.




Dynamic evolution of pectinases

The analyses also revealed that the vast majority of the beetle species use either their own pectinases, acquired through horizontal gene transfer, or the pectinases of their bacterial symbionts. However, beetle and symbiont pectinases never occurred together in any beetle species.

"The binary distribution of beetles encoding pectinases within their genomes versus those acquiring them symbiotically remains one of the most striking findings from the study. Such a pattern raises additional questions concerning how horizontal gene transfer and symbiosis have shaped the way beetles consume and process foliage, and the trade-offs associated with outsourcing a key metabolic trait," explains Hassan Salem, who leads the Max Planck Research Group on Mutualisms.

The results of the study show that the evolution of pectinases is dynamic and characterized by the alternation of horizontal gene transfer and symbiont uptake. "You can imagine this process as follows: When a symbiosis is established, a beetle pectinase from a previous horizontal gene transfer is replaced by a symbiont pectinase. The advantage of incorporating a symbiont is that its pectinase may have new activities or be more efficient, and the symbiont may also provide additional benefits, such as producing other digestive enzymes or essential nutrients. The beetle's own pectinase gene is no longer needed and is lost during evolution. As the symbiotic interaction progresses, the symbiont's pectinase gene may be transferred into the beetle's genome and the symbiont may be lost, but this process needs to be studied in more detail," says Martin Kaltenpoth, head of the Department of Insect Symbiosis.

A pathway to evolutionary success

The results show how repeated horizontal gene transfer and the establishment of symbioses with bacteria enabled leaf beetles to rapidly adapt to a plant-based diet, contributing to their remarkable evolutionary success.
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      Top stories featured on ScienceDaily's Science & Society, Business & Industry, and Education & Learning sections.


      
        Imagining the physics of George R.R. Martin's fictional universe
        Researchers have derived a formula for viral behavior in the Wild Cards, a science fiction series written by a collection of authors about an alien virus called the Wild Card that mutates human DNA. The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

      

      
        Grass surfaces drastically reduce drone noise making the way for soundless city skies
        Porous land such as foliage significantly lowers noise made by drones and air taxis which could reduce disturbances for urban communities as Urban Air Mobility (UAM) grows.

      

      
        Research shows PTSD, anxiety may affect reproductive health of women firefighters
        Investigators found negative mental health conditions among women firefighters may reduce levels of key hormone associated with ovarian reserve.

      

      
        Recommendations for studying the impact of AI on young people's mental health
        Experts highlight the need for a clear framework when it comes to AI research, given the rapid adoption of artificial intelligence by children and adolescents using digital devices to access the internet and social media.

      

      
        Building sentence structure may be language-specific
        Do speakers of different languages build sentence structure in the same way? In a neuroimaging study, scientists recorded the brain activity of participants listening to Dutch stories. In contrast to English, sentence processing in Dutch was based on a strategy for predicting what comes next rather than a 'wait-and-see' approach, showing that strategies may differ across languages.

      

      
        A team with diverse expertise produces novel ideas -- but are they practical?
        A first-of-its-kind study shows that while teams with differing skill sets and perspectives bring fresh, unique ideas to the table, they often struggle to create practical, workable solutions -- raising important questions for managers and businesses worldwide.

      

      
        Violence on TV: What happens to children who watch?
        Boys exposed to violent screen content in the preschool years were more likely to become antisocial and violent themselves a decade later, in their mid-teens, a new study shows.

      

      
        Global trust in science remains strong
        A global survey spanning 68 countries reveals that public trust in scientists is still high. A team of 241 researchers conducted the largest post-pandemic study of trust in science, societal expectations and public views on research priorities.

      

      
        Ecologists uncover significant ecological impact of hybrid grouper release through religious practices
        Ecologists have identified significant ecological risks associated with the release of hybrid groupers into Hong Kong's coastal waters, a practice often linked to religious 'mercy release' rituals. Their study highlights how the Tiger Grouper-Giant Grouper hybrid (TGGG), also known as the Sabah grouper, disrupts local marine ecosystems by exploiting unique ecological niches and potentially becoming a dominant predator. This research, the first to use advanced DNA metabarcoding to analyze the diet...

      

      
        Technology for oxidizing atmospheric methane won't help the climate
        Atmospheric scientists show proposed 'geoengineering' effort to remove methane, a potent greenhouse gas, from the atmosphere could worse air quality while providing minimal climate benefits.

      

      
        Insights into how populations conform or go against the crowd
        Cultural traits -- the information, beliefs, behaviors, customs, and practices that shape the character of a population -- are influenced by conformity, the tendency to align with others, or anti-conformity, the choice to deliberately diverge. A new way to model this dynamic interplay could ultimately help explain societal phenomena like political polarization, cultural trends, and the spread of misinformation.

      

      
        Direct measurements can reduce uncertainty in soil carbon credit markets
        Scientists find a 'measure and remeasure' approach is a feasible method of verifying soil carbon storage in croplands for climate mitigation.

      

      
        The megadroughts are upon us
        Increasingly common since 1980, persistent multi-year droughts will continue to advance with the warming climate, warns a new study. This publicly available forty-year global quantitative inventory seeks to inform policy regarding the environmental impact of human-induced climate change. It also detected previously 'overlooked' events.

      

      
        Study finds gender gap with children when it comes to negotiating
        Studies have shown a persistent gender gap when it comes to wages -- disparities that stretch over decades. Past analyses have pointed to various causes for this discrepancy, but often overlooked is how such divides may surface early in life. In a related new study of boys and girls, a team of psychology researchers has found that despite holding similar views on the purpose and value of negotiation, boys ask for bigger bonuses than girls do for completing the same work. The findings indicate tha...
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Imagining the physics of George R.R. Martin's fictional universe | ScienceDaily
Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.


						
In independent research published in the American Journal of Physics, from AIP Publishing, Tregillis and George R.R. Martin derive a formula for viral behavior in the Wild Cards universe. 

Wild Cards is a science fiction series written by a collection of authors and edited by Martin and Melinda M. Snodgrass. Sitting at over 30 volumes, the books are about an alien virus called the Wild Card that mutates human DNA. Martin is credited as a co-author of the paper, making it his first peer-reviewed physics publication.

The idea to explore the science behind the fictional virus came from a series of blog posts on the Wild Cards website.

"Like any physicist, I started with back-of-the-envelope estimates, but then I went off the deep end. Eventually I suggested, only half-jokingly, that it might be easier to write a genuine physics paper than another blog post," Tregillis said. "Being a theoretician, I couldn't help but wonder if a simple underlying model might tidy up the canon."

The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

Tregillis shared that deriving this physical model was a fun but open-ended puzzle. After some trial and error of models based on fractals or thermodynamic analogies, he and Martin settled on the Lagrangian approach.

"We translated the abstract problem of Wild Card viral outcomes into a simple, concrete dynamical system. The time-averaged behavior of this system generates the statistical distribution of outcomes," he said.

While the Wild Card virus can be modeled by physics, Tregillis emphasized that it isn't a hard-and-fast rule in the canon.

"Good storytelling is about characters: their wants, needs, obstacles, challenges, and how they interact with their world," Tregillis said. "The fictional virus is really just an excuse to justify the world of Wild Cards, the characters who inhabit it, and the plot lines that spin out from their actions."
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Grass surfaces drastically reduce drone noise making the way for soundless city skies | ScienceDaily

Lead author Dr Hasan Kamliya Jawahar from the University of Bristol's aeroacoustic group managed by Professor Mahdi Azarpeyvand was able to demonstrate that porous ground treatments, can significantly reduce noise by up to 30 dB in low-mid frequencies and enhance thrust and power coefficients compared to solid ground surfaces. This suggests that treating roofs of building, landing pads and vertiports with porous surfaces like grass or mosses will reduce noise when drone is landing.

Dr Kamliya Jawahar based in Bristol's Faculty of Science and Engineering explained: "It was known that ground effects influence propeller performance and noise, particularly during take-off and landing.

"While noise issues are well-documented, solutions tailored to urban environments are limited.

"I drew inspiration from natural porous materials, such as vegetation, known for their noise-damping properties. This led to exploring engineered porous surfaces as a potential solution to reduce noise and improve aerodynamics."

The team conducted experiments in an anechoic chamber using a pusher propeller mounted above a ground plane. The ground was alternated between solid and porous treatments with varying porosity and thickness. Microphones placed in both near-field and far-field locations captured acoustic data, while a six-axis load cell measured aerodynamic forces. By comparing results across configurations, they were able to calculate how porous surfaces influence noise and performance under ground-effect conditions.

Dr Kamliya Jawahar said: "Vegetation is known to function as a natural porous medium, where its structural complexity and material properties such as foliage density and moisture content contribute to its noise absorption capabilities.




"It has been widely used in environmental noise reduction strategies such as roadside barriers and urban green spaces but this is the first time it is being investigated for futuristic Urban Air Mobility."

The noise reduction effect of porous ground treatments stems from their ability to modify and manage the flow dynamics near the ground. When a propeller operates close to a porous surface, the porous material absorbs some of the energy from the flow impingement reducing the velocity of the tangential wall jet -- a high-speed outwash of air along the ground -- thereby mitigating the aerodynamic interactions that contribute to noise.

Additionally, the porous structure traps portions of the impinging flow, reducing its reflection back towards the propeller. This minimizes the re-ingestion of disturbed airflows into the propeller, which are a significant source of tonal and broadband noise. The reduction in reflected turbulence and the stabilized hydrodynamic pressure field help decrease both tonal and broadband noise emissions, resulting in quieter operations. These effects are particularly pronounced in ground effect conditions.

These findings can be applied to UAM operations by enabling quieter and more efficient vehicle designs. They also support the development of noise-reducing vertiport surfaces, fostering greater community acceptance and compliance with urban noise regulations.

"Our research demonstrates that innovative porous landing surfaces can drastically reduce noise from drones and air taxis, paving the way for quieter and more sustainable urban skies," added Dr Kamliya Jawahar.
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Research shows PTSD, anxiety may affect reproductive health of women firefighters | ScienceDaily
A new study led by University of Arizona Mel and Enid Zuckerman College of Public Health researchers in collaboration with fire service partners and other researchers around the country through the Fire Fighter Cancer Cohort Study showed that post-traumatic stress disorder and anxiety are associated with lower levels of anti-Mullerian hormone, a marker of ovarian reserve, among women firefighters.


						
The ovarian reserve is the number of healthy eggs in a woman's ovaries that could potentially be fertilized. It is a measure of a woman's fertility and ability to have children.

"These findings highlight the negative effect that mental health conditions can have on health -- specifically, reproductive health," said first author Michelle Valenti, MPH, a doctoral student in epidemiology at the Zuckerman College of Public Health and program coordinator of the Fire Fighter Cancer Cohort Study's Women Firefighter Study.

The paper "Evaluating the Effect of Depression, Anxiety, and Post-Traumatic Stress Disorder on Anti-Mullerian Hormone Levels Among Women Firefighters," was published in the Journal of Women's Health.

Firefighters are exposed to high stress and traumatic situations in addition to chemical exposures and have a higher prevalence of PTSD compared with the general population. Previous research showed that women firefighters have lower levels of anti-Mullerian hormone compared with women who are not firefighters; however, the reason why was unknown.

The research team, which included personnel at the Zuckerman College of Public Health's Center for Firefighter Health Collaborative Research, led this analysis to determine whether anxiety, depression or PTSD were associated with anti-Mullerian hormone levels. They found that clinical diagnoses of PTSD and anxiety were associated with reductions in anti-Mullerian hormone levels of 66% and 33%, respectively.

These findings highlight a potential mechanism through which adverse mental health conditions could lead to adverse reproductive outcomes. Further research is needed to identify potential areas for intervention.




"The work of this AMH study within the broader context of the FFCCS is imperative to taking care of all of our firefighters," said Capt. Caitlin St. Clair of the Puget Sound Regional Fire Authority. "These findings provide scientific leverage to fire departments to implement programs to reduce stress and improve the lives of our firefighter women."

The Women Firefighter Study, a subgroup of the Fire Fighter Cancer Cohort Study, aims to identify causes of stress, cancer and adverse reproductive health effects in women firefighters that would inform effective interventions to mitigate these conditions.

"This study demonstrates the power of the Fire Fighter Cancer Cohort Study Women Firefighter Study to evaluate exposures that lead to adverse gynecologic conditions," Valenti said. "The Women Firefighter Study would not be possible without our amazing fire service partners who have championed women firefighter research."

Co-authors from the Zuckerman College of Public Health include senior author Jeff Burgess, MD, MPH, a professor and director of the Center for Firefighter Health Collaborative Research at the U of A Mel and Enid Zuckerman College of Public Health and a member of the BIO5 Institute; Leslie Farland, ScD, an associate professor and member of the BIO5 Institute; Yiwen Liu, PhD, an assistant professor of epidemiology and biostatistics; Shawn Beitel, program administrator for firefighter research; research technician Jordan Baker; and graduate student Kaiwen Huang.

In addition to St. Claire, other fire service research liaisons who contributed to the study include Capt. John Gulotta of the Tucson Fire Department, Capt. Jamie Kolar and Derek Urwin, PhD, of the Los Angeles County Fire Department, and many other firefighters.

This research was funded by the Federal Emergency Management Agency under award nos. EMW-2015-FP-00213 and EMW-2019-FP-00526.
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Recommendations for studying the impact of AI on young people's mental health | ScienceDaily
A new peer-reviewed paper from experts at the Oxford Internet Institute, University of Oxford, highlights the need for a clear framework when it comes to AI research, given the rapid adoption of artificial intelligence by children and adolescents using digital devices to access the internet and social media.


						
Its recommendations are based on a critical appraisal of current shortcomings in the research on how digital technologies' impact young people's mental health, and an in-depth analysis of the challenges underlying those shortcomings.

The paper, "From Social Media to Artificial Intelligence: Improving Research on Digital Harms in Youth,' published 21 January in The Lancet Child and Adolescent Health, calls for a "critical re-evaluation" of how we study the impact of internet-based technologies on young people's mental health, and outlines where future AI research can learn from several pitfalls of social media research. Existing limitations include inconsistent findings and a lack of longitudinal, causal studies.

The analysis and recommendations by the Oxford researchers are divided into four sections:
    	A brief review of recent research on the effects of technology on children's and adolescents' mental health, highlighting key limitations to the evidence.
    	An analysis of the challenges in the design and interpretation of research that they believe underlie these limitations.
    	Proposals for improving research methods to address these challenges, with a focus on how they can apply to the study of AI and children's wellbeing.
    	Concrete steps for collaboration between researchers, policymakers, big tech, caregivers and young people.

"Research on the effects of AI, as well as evidence for policymakers and advice for caregivers, must learn from the issues that have faced social media research," said Dr Karen Mansfield, postdoctoral researcher at the OII and lead author of the paper. "Young people are already adopting new ways of interacting with AI, and without a solid framework for collaboration between stakeholders, evidence-based policy on AI will lag behind, as it did for social media."

The paper describes how the impact of social media is often interpreted as one isolated causal factor, which neglects different types of social media use, as well as contextual factors that influence both technology use and mental health. Without rethinking this approach, future research on AI risks getting caught up in a new media panic, as it did for social media. Other challenges include measures of social media use that are quickly outdated, and data that frequently excludes the most vulnerable young people.

The authors propose that effective research on AI will ask questions that don't implicitly problematise AI, ensure causal designs, and prioritise the most relevant exposures and outcomes.

The paper concludes that as young people adopt new ways of interacting with AI, research and evidence-based policy will struggle to keep up. However, by ensuring our approach to investigating the impact of AI on young people reflects the learnings of past research's shortcomings, we can more effectively regulate the integration of AI into online platforms, and how they are used.

"We are calling for a collaborative evidence-based framework that will hold big tech firms accountable in a proactive, incremental, and informative way," said Professor Andrew Przybylski, OII Professor of Human Behaviour and Technology and contributing author to the paper. "Without building on past lessons, in ten years we could be back to square one, viewing the place of AI in much the same way we feel helpless about social media and smartphones. We have to take active steps now so that AI can be safe and beneficial for children and adolescents."
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Building sentence structure may be language-specific | ScienceDaily
Do speakers of different languages build sentence structure in the same way? In a neuroimaging study published in PLOS Biology, scientists from the Max Planck institute for Psycholinguistics, Donders Institute and Radboud University in Nijmegen recorded the brain activity of participants listening to Dutch stories. In contrast to English, sentence processing in Dutch was based on a strategy for predicting what comes next rather than a 'wait-and-see' approach, showing that strategies may differ across languages.


						
While listening to spoken language, people need to link 'abstract' knowledge of grammar to the words they actually hear. Theories on how people build grammatical structure in real time are often based on English. In sentences such as 'I have watched a documentary', the noun 'documentary' immediately follows the verb. However, in Dutch sentences, the word order may be reversed: 'Ik heb een documentaire gezien' ('I have a documentary watched').

"To find out whether speakers of different languages build grammatical structure in the same way, it is important to look at languages that differ from English in such interesting respects," says first author Cas Coopmans. "Findings based on English may not generalise to languages that have different grammatical properties, such as Dutch."

Audiobook stories

To investigate how people build sentence structure in Dutch, the researchers measured the brain activity of 24 participants who listened to Dutch audiobook stories in a magnetoencephalograophy (MEG) scanner.

For every word in the audiobook, the researchers determined how much grammatical information could be built. A 'top-down' strategy based on early prediction of upcoming sentence structure was compared to a 'bottom-up' strategy, based on integrating grammatical information at a later stage.

Predicting what comes next

Both sentence building strategies could predict activity in the major left hemisphere's language areas. But the effects were much stronger for predictive structure building.

While speakers of English seem to adopt a 'wait-and-see' approach, speakers of Dutch are more likely to build sentences in a predictive manner. This means that speakers of different languages differ in how they build grammatical structure during language comprehension.

The researchers next want to apply this method to study other languages, as well as the role of different linguistic properties. "Now that we know that we can use this method to study how people build grammatical structure during naturalistic spoken language comprehension, we can see how this process is influenced by other linguistic properties. In future work, we will investigate how the brain might use the prosodic properties of speech to extract the grammatical structure of spoken sentences," says Coopmans.
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A team with diverse expertise produces novel ideas -- but are they practical? | ScienceDaily
Contrary to the widespread belief that teams with diverse expertise are automatically more creative, a new study by a joint team of researchers from the University of Waterloo, Xiamen University and Texas Tech University reveals this isn't always the case.


						
The study, the first of its kind in the accounting field to explore team creativity with neuroimaging, shows that while teams with differing skill sets and perspectives bring fresh, unique ideas to the table, they often struggle to create practical, workable solutions -- raising important questions for managers and businesses worldwide.

In an experiment, teams made up of members with different areas of expertise -- engineers and accountants -- were tasked with coming up with creative uses for an unused university space. The study found that teams with a mix of skills generated more unique proposals, but their ideas were often less useful compared to teams where everyone shared the same expertise.

"Our study challenges the trendy belief that teams with diverse expertise always boost creativity," said Adam Presslee, a professor from the School of Accounting and Finance at Waterloo. "While teams with differing skill sets and perspectives tend to come up with more original ideas, they also face friction when trying to turn those ideas into practical, implementable solutions."

The study, a collaboration between Drs. Presslee, Yasheng Chen and Sue Yang used cutting-edge brain-scanning technology, known as functional near-infrared spectroscopy (fNIRS), to measure how participants' brains responded during team collaboration. This powerful tool allowed researchers to peek inside the "black box" of the brain to understand why teams with differing skill sets and perspectives have mixed effects on creativity.

The experiment was comprised of 40 two-person teams who were each fitted with an fNIRS brain scanning cap to see how synchronized the team members' brain activities were. They found that when team members' brains were more synchronized in certain areas, it influenced their ideas' uniqueness or usefulness.

The study offers two scientific contributions that challenge the belief that varied skill sets within teams boost creativity and maximize efficiency. The first is that while diverse expertise enhances the uniqueness of team ideas, it reduces their usefulness -- leading to a complex balancing act for managers. Ultimately, skill diversity in teams can be a double-edged sword in terms of its effect on creativity.

Secondly, by using neuroimaging, the study demonstrated that teams with differing skill sets and perspectives trigger different areas of the brain associated with divergent and convergent thinking.

The study should significantly resonate for businesses, especially for managers where applying functional diversity isn't a one-size-fits-all solution.

"For companies to get the most out of their teams, they need to think carefully about what kind of creative output they want," Presslee said. "Diverse expertise is great if the goal is innovative, 'out of the box' ideas. But if you need timely usable ideas, you may want a more focused, uniform team."
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Violence on TV: What happens to children who watch? | ScienceDaily
Results of new study led by Linda Pagani, Professor at the Universite de Montreal's School of Psychoeducation, long-term associated risks of early exposure to violent content in childhood and later teen antisocial behavior, more than a decade later.


						
"Although past evidence showing causal links between modelling and getting rewarded for violence had an immediate impact on aggressive behavior in 4-year-old children, few studies have investigated long-term risks with antisocial behavior. We studied such risks in mid-adolescence, explained Pagani, who is also a researcher at the Centre de recherche Azrieli du CHU Sainte-Justine. It was ideal to study this question with typically developing middle-class children because, as a population, they have the lowest chances of engaging in aggression and behavior harmful to others."

Close to 2,000 children 

In all, Pagani and her team looked at 963 girls and 982 boys born between the springs of 1997 and 1998 who were enrolled in the Quebec Longitudinal Study of Child Development. Parents reported the frequency of their child's exposure to violent television content at ages 3.5 and 4.5 years old. Boys and girls then self-reported on several aspects of antisocial behavior at age 15.

The study defines screen violence as anything "characterized by physical aggression, verbal aggression, and relational aggression [...] depicting situations that intentionally attempt or cause harm to others." Children, the study says "are attracted to fast-paced, stimulating violent content, which often features appealing characters like superheroes who commit and are rewarded for aggressive acts, thus increasing the likelihood of exposure."

The researchers then conducted analyses to examine whether exposure to violent television content at ages 3.5 and 4.5 years predicted later antisocial behavior eleven years later.

The researcher added, "We statistically took into account alternative child and family factors that could have explained our results, to be as close as possible to the truth in the relationships we were looking at."

Boys stand out




At age 15, for boys only, preschool violent televiewing predicted increases in antisocial behavior. Being exposed to violent content in early childhood predicted later aggressive behaviors such as hitting or beating another person, with the intention of obtaining something, stealing, with or without any apparent reason.

Risks also included threats, insults, and gang fight involvement. The use of weapons is also among the behavioral outcomes predicted by exposure to childhood television violence in this study. No effects were found for girls, which was not surprising given that boys are generally more exposed to such content.

Pagani concluded, "Our study provides compelling evidence that early childhood exposure to media violence can have serious, long-lasting consequences, particularly for boys. This underscore the urgent need for public health initiatives that targets campaigns to inform parents and communities about the long-term risks and empower them to make informed choices about young children's screen content exposure."

The entire team of students from Universite de Montreal and researchers from the United States and Italy established that, "Parents and communities can play a crucial role in limiting future problems by carefully avoiding young children's exposure to violent media content."
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Global trust in science remains strong | ScienceDaily
A global survey spanning 68 countries reveals that public trust in scientists is still high. Led by the University of Zurich and ETH Zurich, a team of 241 researchers conducted the largest post-pandemic study of trust in science, societal expectations and public views on research priorities.


						
Trust in scientists is at a moderately high level worldwide, according to a new study. This is the conclusion of an international team of 241 researchers led by Viktoria Cologna of ETH Zurich and Niels G. Mede of the University of Zurich (UZH). "Our results show that most people in most countries have a relatively high level of trust in scientists," says principal investigator Viktoria Cologna, "and want them to play an active role in society and politics." The study found no evidence for the oft-repeated claim of a crisis of trust in science.

The study is the result of the TISP Many Labs study, a collaborative effort that allowed the authors to survey 71,922 people in 68 countries, including many under-researched countries in the Global South. For the first time since the coronavirus pandemic, the study provides global, representative survey data on the populations and regions of the world in which researchers are perceived to be most trustworthy, the extent to which they should engage with the public, and whether science is prioritizing important research issues.

No crisis of trust in science

Across 68 countries, the study finds that the majority of the public has a relatively high level of trust in scientists (mean trust level = 3.62, on a scale of 1 = very low trust to 5 = very high trust). The majority of respondents also perceive scientists as qualified (78%), honest (57%) and concerned about people's well-being (56%).

However, the results also reveal some areas of concern. Globally, less than half of respondents (42%) believe that scientists pay attention to the views of others. "Our results also show that many people in many countries feel that the priorities of science are not always well aligned with their own priorities," says co-author Niels G. Mede. "We recommend that scientists take these results seriously and find ways to be more receptive to feedback and open to dialogue with the public."

Polarization of population groups and differences between countries

The findings confirm the results of previous studies that show significant differences between countries and population groups. In particular, people with right-wing political views in Western countries tend to have less trust in scientists than those with left-wing views. This suggests that attitudes toward science tend to polarize along political lines. In most countries, however, political orientation and trust in scientists were not related.




Call for active engagement of scientists

A majority of respondents want science to play an active role in society and policy-making. Globally, 83% of respondents believe that scientists should communicate with the public about science, providing an impetus for increased science communication efforts. Only a minority (23%) believe that scientists should not actively advocate for specific policies. 52% believe that scientists should be more involved in the policy-making process.

Participants gave high priority to research to improve public health, solve energy problems, and reduce poverty. On the other hand, research to develop defense and military technology was given a lower priority. In fact, participants explicitly believe that science is prioritizing the development of defense and military technology more than they would like, highlighting a potential misalignment between public and scientific priorities.
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Ecologists uncover significant ecological impact of hybrid grouper release through religious practices | ScienceDaily
Ecologists from the School of Biological Sciences (SBS) and the Swire Institute of Marine Science (SWIMS) at The University of Hong Kong (HKU) have identified significant ecological risks associated with the release of hybrid groupers into Hong Kong's coastal waters, a practice often linked to religious 'mercy release' rituals.


						
Their study highlights how the Tiger Grouper-Giant Grouper hybrid (TGGG), also known as the Sabah grouper, disrupts local marine ecosystems by exploiting unique ecological niches and potentially becoming a dominant predator. This research, the first to use advanced DNA metabarcoding to analyse the diet of this hybrid species, underscores the urgent need for public education and conservation measures to mitigate unintended ecological impacts. The findings have been published in the journal Reviews in Fish Biology and Fisheries.

Hybrid Groupers: A Popular Market Species with Hidden Ecological Threats

The TGGG is a hybrid species bred through aquaculture by crossing the Tiger Grouper (Epinephelus fuscoguttatus) with the Giant Grouper (Epinephelus lanceolatus). Valued for its large size and rapid growth, it is a common sight in Hong Kong's fish markets. Its affordability and impressive size have also made it a popular choice for local mercy release practices, where animals are released into the wild as an act of spiritual merit. However, this seemingly benevolent act has significant ecological consequences.

To explore the potential ecological effects of releasing hybrid groupers into Hong Kong's coastal waters, our research team utilised DNA metabarcoding to analyse the diet of TGGG. Becoming the first to apply this method to study the dietary habits of this hybrid species, the team extracted and sequenced DNA from the hybrid's stomach contents, allowing them to identify its prey, even when the prey was fully digested or fragmented. This innovative approach provides a detailed and accurate picture of the hybrid's dietary habits and its interactions with local marine ecosystems.

Innovative DNA Analysis Highlights the Threat

The study found that the TGGG is a formidable predator with a distinctive diet, feeding on various prey species not typically consumed by native species -- including fish, crustaceans, and cephalopods. By exploiting broader ecological niches and gaps in the ecosystem where resources or habitats are underused, the TGGG disrupts local food webs and is highly likely to thrive and establish itself as a dominant predator.




'Our findings show that the TGGG is not just another introduced species, it has the potential to significantly disrupt trophic dynamics and reshape coastal ecosystems,' said Professor Celia SCHUNTER of HKU SBS and SWIMS, the study's lead investigator.

The researchers warn that the rapid growth, large size, and absence of natural predators in Hong Kong's waters make it an exceptionally competitive species. These traits, combined with the availability of vacant ecological niches, pose a serious threat to the balance of marine biodiversity in Hong Kong's coastal ecosystems.

The study also draws attention to the role of mercy release practices in introducing non-native species like the TGGG into local waters. Dr Arthur CHUNG, the postdoctoral fellow of HKU SBS and SWIMS and co-author of the study, emphasised the importance of addressing these risks, 'This study underscores the need for careful monitoring and management to mitigate the unintended impacts of human activities on biodiversity.'

The researchers stressed that public education and stricter conservation measures are essential to minimising the ecological damage caused by mercy release and other human activities. These efforts are critical for preserving the health of Hong Kong's marine ecosystems.
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Technology for oxidizing atmospheric methane won't help the climate | ScienceDaily
As the atmosphere continues to fill with greenhouse gases from human activities, many proposals have surfaced to "geoengineer" climate-saving solutions, that is, alter the atmosphere at a global scale to either reduce the concentrations of carbon or mute its warming effect.


						
One recent proposal seeks to infuse the atmosphere with hydrogen peroxide, insisting that it would both oxidize methane (CH4), an extremely potent greenhouse gas while improving air quality.

Too good to be true?

University of Utah atmospheric scientists Alfred Mayhew and Jessica Haskins were skeptical, so they set out to test the claims behind this proposal. Their results, published on Jan. 3, confirm their doubts and offer a reality check to agencies considering such proposals as a way to stave off climate change.

"Our work showed that the efficiency of the proposed technology was quite low, meaning widespread adoption of the technology would be required to make any meaningful impact on atmospheric CH4," said Mayhew, a postdoctoral researcher with the university's Wilkes Center for Climate Science & Policy. "Then, our results indicate that if this technology is adopted at scale, then we start to see some negative air-quality side effects, particularly for wintertime particulate matter air pollution."

To conduct the study, the Utah scientists modeled what would happen if you deployed the technology patented by a Canadian company, which is proposing to spray aerosolized hydrogen peroxide, or H2O2, into the atmosphere during daylight hours from 600-meter towers. These towers would approach the height of the world's tallest radio towers.

"When that hydrogen peroxide is in the presence of sunlight, it's going to make a really powerful oxidant, the hydroxyl radical OH," said Haskins, an assistant professor of atmospheric sciences. "That's a natural scrubber in the atmosphere, and it's going to help speed up the conversion of methane to CO2."

Methane is a single-bonded molecule combination of carbon and hydrogen, as opposed to the double-bonded compounds that are far more common in the atmosphere. Hydroxyls are more likely to oxidize those double-bonded molecules, such as the isoprene coming off trees or volatile organic compounds, so OH is just not that efficient for breaking down methane, according to Haskins.




"OH doesn't react fast with methane," Haskins said. "It's reacting with so many other things."

Methane's outsized impact on the climate

While carbon dioxide from fossil fuels gets much of the blame for climate change, methane is also a big contributor. Eventually, methane breaks down into carbon dioxide and water.

The primary ingredient in the natural gas burned in home appliances and power plants, methane, or CH4, packs 76 times more climate-warming punch than carbon dioxide over a 20-year timeframe. Methane persists in the atmosphere for only 12 years, but the gas is blamed for nearly a third of the rise in global temperatures since the Industrial Revolution, according to the International Energy Agency.

Anthropogenic sources, primarily oil, gas and coal operations and landfills, account for 60% of global methane emissions.

Artificially speeding up methane oxidation could slow climate change, but such geoengineering projects could carry adverse environmental impacts, which Haskins's lab seeks to characterize. A recent report from the National Academy of Sciences concluded the unintended consequences of atmospheric methane removal technologies are likely significant but poorly understood. Haskins' study is heeding the report's call to scrutinize these technologies, such as the one that would release vast amounts of hydrogen peroxide.




"We could buy ourselves about 50 years and avoid some of the immediate impacts of climate change if we did this, but no one had actually previously done any side-effects studies to see what was going to happen," Haskins said. "This is very first paper to assess any air quality side effects of such geoengineering solutions."

Geoengineering's potential side effects

Manipulating a system as complex as Earth's atmosphere is an inherently dangerous action, potentially resulting in unforeseen problems.

"There's so many feedbacks that can go on in the climate. Atmospheric chemistry is just one example. You change one thing and you think it's going to do this, but it actually may do the opposite in one place versus the other," Haskins said. "You have to be really careful and do these sorts of assessments. Is this a responsible thing to do? What's the impact going to be?"

By way of example, Haskins raised the troubling history of humanmade gasses called chlorofluorocarbons, or CFCs, which ate into the protective layer of ozone that shields Earth from harmful ultraviolet radiation.

"We started using CFCs in industry as propellants and refrigerants, and suddenly we cause the ozone hole," she said. "And we've been dealing with the consequences of that for 40 years. And we still won't have a fully resolved no-ozone-hole year until probably 2060, so we have to be careful of what we're doing."

Mayhew and Haskins used a global chemical-transport model, called GEOS-Chem, to simulate the proposal to release hydrogen peroxide from towers. The goal was to estimate how much methane would be oxidized under three different emission scenarios, from light to extreme.

Their simulation envisioned the use of 50 towers spread around North America. Replicating the company's proposal, the medium-release scenario called for each tower to spray 612 grams, or 1.35 pounds, per second for 10 hours a day for a year.

"This proposed solution just won't remove any meaningful amount of methane from the atmosphere. It's not going to solve global warming. At most, we found 50 towers could reduce 0.01% of annual anthropogenic methane emissions," Haskins said. "You'd need about 352,000 of them to remove 50% of anthropogenic methane. It's an insane number. And if you did 50 high-emission towers, you'd still need about 43,000."

In the meantime, places with poor wintertime air quality could see particulate pollution get much worse.

"There's potential that future research could show that the air quality impacts of placing these towers close to methane point sources is minimal if they're activated at certain times of the year, and far from large population centers," Mayhew said. "If that's the case, then this technology (or similar approaches) could play a very small role in combating warming, but it's clear from our work that the air-quality side effects should be placed as a central consideration for any proposed real-world implementation of technology like this."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250117171311.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Insights into how populations conform or go against the crowd | ScienceDaily
Cultural traits -- the information, beliefs, behaviors, customs, and practices that shape the character of a population -- are influenced by conformity, the tendency to align with others, or anti-conformity, the choice to deliberately diverge. A new way to model this dynamic interplay could ultimately help explain societal phenomena like political polarization, cultural trends, and the spread of misinformation.


						
A study published in the Proceedings of the National Academy of Sciences outlines this novel approach. Presenting a mathematical model, SFI Complexity Postdoctoral Fellow Kaleda Denton with colleagues at Stanford University -- former SFI Post-baccalaureate Fellow Elisa Heinrich Mora, SFI External Professor Marcus Feldman, and Michael Palmer -- expand on previous research to offer a more realistic representation of how conformist and anti-conformist biases shape the transmission of cultural traits through a population.

"The idea behind this research was to come up with a better way to mathematically represent how individuals make decisions in the real world," says Denton. "If we can do that, we can then scale things up to see what would happen in a population of 10,000 people over the long run."

Traditional models of conformity often assume individuals gravitate toward the average or "mean" trait in a population. This concept works well if the most popular traits are near this mean, which may be the case for, say, working hours or food portion sizes. However, the mean is a poor indicator of popularity in other cases; for example, if most people fall on either the far left or far right of a political spectrum, but the mean lies in the center.

To address this gap, the authors designed a model that incorporates trait clustering. In this model, individuals conform by adopting traits that are more clustered together (e.g., variations of a far-left political belief) rather than the mean trait in the population (e.g., the centrist view). Anti-conformists, on the other hand, deliberately distance themselves from the traits of their peers, creating polarization.

Using computer simulations, the team analyzed how traits spread across populations over multiple generations. Conformity often led to groups clustering around specific traits, but not necessarily the average. Anti-conformity created a starkly different pattern: a U-shaped distribution, with individuals clustering at the extremes and leaving the middle sparsely populated.

One significant finding was that populations rarely converge to a single trait unless the unrealistic assumption of perfect behavioral copying is imposed. Instead, even small variations in how individuals interpret or adopt traits result in persistent diversity.




"These outcomes align with what we observe in the real world, where cultural practices and ideologies don't simply average out but instead maintain significant variation," Denton says.

The research also challenges the notion that conformity always leads to homogeneity. The model shows that under certain conditions, conformity can sustain diversity, while anti-conformity amplifies polarization.

Denton sees broad implications for the study. "This framework could help explain voting behavior, social media trends, or even how people estimate values in group settings," she says. "It offers a way to understand how individual decisions aggregate into societal patterns, whether that's consensus-building or polarization." This model can be tested on real-world data in future studies.

"We're excited to see if this framework works in different scenarios," Denton said. "The ultimate goal is to understand how individual choices influence entire populations over time.
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Direct measurements can reduce uncertainty in soil carbon credit markets | ScienceDaily
Directly measuring soil carbon rather than relying on predictive models can provide hard evidence of how much carbon is being stored, allowing for better assessments of confidence in carbon markets for croplands, according to a study co-authored by Yale School of the Environment scientists and recently published in Environmental Research Letters.


						
The researchers also found that using appropriate study designs applied to the real-world scale of agriculture allows for feasible verification of how much carbon is being stored in soil through climate-smart practices, including growing crops to cover soil and not disturbing soil through tillage. The direct measurement method, when coupled with study designs that are common to fields such as epidemiology, can also be used for quantifying how climate-smart practices affect soil health and other desired outcomes, the authors noted.

"The study suggests that we can do direct measurements at scale, taking its application beyond carbon markets to other greenhouse gas accounting efforts like those conducted by countries to report their national emissions," said co-author Mark Bradford, the E.H. Harriman Professor of Soils and Ecosystem Ecology, who was involved in the work through the Yale Applied Science Synthesis Program, an initiative of the Yale Center for Natural Carbon Capture and The Forest School at YSE.

Natural carbon solutions, which include managing croplands to enhance carbon storage, is considered essential by the Intergovernmental Panel on Climate Change (IPCC) to help mitigate the impacts of the climate crisis, Bradford noted. Soil organic carbon (SOC) accounting and crediting primarily uses measure-and-model approaches, relying on predictive biogeochemical models informed by small field trials and limited direct measurement, but their real-world accuracy for predicting outcomes on commercial farms is uncertain, he said. Instead of relying on predictions from models, the researchers found that a "measure and remeasure" approach using soil samples collected across hundreds of fields can provide reliable evidence of how much carbon is being stored.

Measuring changes in the amount of carbon stored in soils accurately is challenging, Bradford said. Soil carbon changes slowly against a large background stock, meaning that measuring change requires collecting and analyzing many samples. At small scales, this method has long been considered too costly.

The research team found that sampling 10% of fields across many farms -- up to tens of thousands of acres -- over longer time frames can provide reliable data. By directly measuring and remeasuring soil carbon using causal study designs, the credits sold are much more likely to reflect actual carbon storage, helping buyers feel confident their money is supporting real climate benefits and, at the same time, shrinking costs as projects are scaled up, the authors conclude. The approach also could be useful for validating the suitability of predictive models currently used for other cropland greenhouse gas accounting purposes, such as the internal accounting that companies do to meet their net-zero goals, they added.

To help farmers calculate the cost-benefit of soil management projects, Eric Potash, a research scientist with the Agroecosystem Sustainability Center (ASC) at the University of Illinois who led the study, developed an open-source web app that allows users to explore the costs and profitability of soil carbon projects based on specific parameters: project size, duration, analysis costs, and sampling strategy.

"This study suggests that people may be able to reliably quantify how much soil carbon is changing due to adoption of climate-smart agricultural and regenerative practices," Bradford said. "If you can address the measurement and verification concerns around how soil carbon stocks are actually responding, it will help prioritize policies and investments that achieve soil restoration and protection, leading to improved water and nutrient retention in soils, aeration, and soil biodiversity. Such healthy soils will be more resilient to extreme weather and build food security."

The study was also co-authored by Emily Oldfield '05, '11 MESc, '19 PhD, a soil scientist at the Environmental Defense Fund, and Kaiyu Guan, director of ASC.
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The megadroughts are upon us | ScienceDaily
Increasingly common since 1980, persistent multi-year droughts will continue to advance with the warming climate, warns a study from the Swiss Federal Institute for Forest, Snow, and Landscape Research (WSL), with Professor Francesca Pellicciotti from the Institute of Science and Technology Austria (ISTA) participating. This publicly available forty-year global quantitative inventory, now published in Science, seeks to inform policy regarding the environmental impact of human-induced climate change. It also detected previously 'overlooked' events.


						
Fifteen years of a persistent, devastating megadrought -- the longest lasting in a thousand years -- have nearly dried out Chile's water reserves, even affecting the country's vital mining output. This is but one blatant example of how the warming climate is causing multi-year droughts and acute water crises in vulnerable regions around the globe. However, droughts tend only to be noticed when they damage agriculture or visibly affect forests. Thus, some pressing questions arise: Can we consistently identify extreme multi-year droughts and examine their impacts on ecosystems? And what can we learn from the drought patterns of the past forty years?

To answer these questions, researchers from the Swiss Federal Institute for Forest, Snow, and Landscape Research (WSL) and the Institute of Science and Technology Austria (ISTA) have analyzed global meteorological data and modeled droughts between 1980 and 2018. They demonstrated a worrying increase in multi-year droughts that became longer, more frequent, and more extreme, covering more land. "Each year since 1980, drought-stricken areas have spread by an additional fifty thousand square kilometers on average -- that's roughly the area of Slovakia, or the US states of Vermont and New Hampshire put together -- , causing enormous damage to ecosystems, agriculture, and energy production," says ISTA Professor Francesca Pellicciotti, the Principal Investigator of the WSL-funded EMERGE Project, under which the present study was conducted. The team aims to unveil the possible long-lasting effects of persistent droughts around the globe and help inform policy preparing for more frequent and severe future megadroughts.

Unveiling extreme droughts that flew under the radar

The international team used the CHELSA climate data prepared by WSL Senior Researcher and study author Dirk Karger, which goes back to 1979. They calculated anomalies in rainfall and evapotranspiration -- water evaporation from soil and plants -- and their impact on natural ecosystems worldwide. This allowed them to determine the occurrence of multi-year droughts both in well-studied and less accessible regions of the planet, especially in areas like tropical forests and the Andes, where little observational data is available. "Our method not only mapped well-documented droughts but also shed light on extreme droughts that flew under the radar, such as the one that affected the Congo rainforest from 2010 to 2018," says Karger. This discrepancy is likely due to how forests in various climate regions respond to drought episodes. "While temperate grasslands have been most affected in the past forty years, boreal and tropical forests appeared to withstand drought more effectively and even displayed paradoxical effects during the onset of drought." But how long can these forests resist the harsh blow of climate change?

Contrasting impacts on ecosystems

The persistently rising temperatures, extended droughts, and higher evapotranspiration ultimately lead to dryer and browner ecosystems, despite also causing heavier precipitation episodes. Thus, scientists can use satellite images to monitor the effect of drought by tracking changes in vegetation greenness over time. While this analysis works well for temperate grasslands, the changes in greenness cannot be tracked as easily over dense tropical forest canopies, leading to underestimated effects of drought in such areas. Thus, to ensure consistent results worldwide, the team developed a multistep analysis that better resolves the changes in high-leaf regions and ranked the droughts by their severity since 1980. Unsurprisingly, they showed that megadroughts had the highest immediate impact on temperate grasslands. 'Hotspot' regions included the western USA, central and eastern Mongolia, and particularly southeastern Australia, where the data overlapped with two well-documented multi-year ecological droughts. On the other hand, the team shed additional light on the paradoxical effects observed in the tropical and boreal forests. While tropical forests can offset the expected effects of drought as long as they have enough water reserves to buffer the decrease in rainfall, boreal forests and tundra react in their distinct way. It turns out that the warming climate extends the boreal growth season since vegetation growth in these regions is limited by lower temperatures rather than water availability.

Droughts evolve in time and space

The results show that the trend of intensifying megadroughts is clear: The team generated the first global -- and globally consistent -- picture of megadroughts and their impact on vegetation at high resolution. However, the long-term effects on the planet and its ecosystems remain largely unknown. Meanwhile, the data already agrees with the observed widely greening pan-Arctic. "But in the event of long-term extreme water shortages, trees in tropical and boreal regions can die, leading to long-lasting damage to these ecosystems. Especially, the boreal vegetation will likely take the longest to recover from such a climate disaster," says Karger. Pellicciotti hopes the team's result will help change our perception of droughts and how to prepare for them: "Currently, mitigation strategies largely consider droughts as yearly or seasonal events, which stands in stark contrast to the longer and more severe megadroughts we will face in the future," she says. "We hope that the publicly available inventory of droughts we are putting out will help orient policymakers toward more realistic preparation and prevention measures." As a glaciologist, Pellicciotti also seeks to examine the effects of megadroughts in the mountains and how glaciers can buffer them. She leads a collaborative project titled "MegaWat -- Megadroughts in the Water Towers of Europe -- From Process Understanding to Strategies for Management and Adaptation."

Project and funding information The present study was conducted within the scope of the EMERGE Project of the Swiss Federal Institute for Forest, Snow, and Landscape Research (WSL) with Professor Francesca Pellicciotti from the Institute of Science and Technology Austria (ISTA) serving as its Principal Investigator. The research was supported by funding from the Extreme Program of the WSL for the EMERGE project.
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Study finds gender gap with children when it comes to negotiating | ScienceDaily
Studies have shown a persistent gender gap when it comes to wages -- disparities that stretch over decades. Past analyses have pointed to various causes for this discrepancy, but often overlooked is how such divides may surface early in life.


						
In a related new study of boys and girls, a team of psychology researchers has found that despite holding similar views on the purpose and value of negotiation, boys ask for bigger bonuses than girls do for completing the same work. The findings, reported in the journal Developmental Psychology, indicate that these outcomes are linked, in part, to differences in perceptions of abilities: in a series of cognitive tasks, boys had a higher opinion of their abilities and therefore asked for higher bonuses -- even though they performed no better than girls did in these tasks.

"Our findings suggest that boys tend to overestimate their abilities compared to girls -- and relative to their actual performance," says Sophie Arnold, a New York University doctoral student and the lead author of the paper. "This inflated self-perception may lead boys to feel more entitled to push the boundaries during negotiations."

"These findings offer new perspectives on the possible origins of negotiation disparities that exist between adult men and women in professional settings," concludes NYU Psychology Professor Andrei Cimpian, the paper's senior author.

The research, which also included Katherine McAuliffe, a professor of psychology and neuroscience at Boston College, consisted of a series of three experiments. The first two of these were used to ascertain if boys and girls had similar perceptions of negotiation.

In a pair of hypothetical scenarios, boys and girls -- aged six to nine -- were introduced to situations in which they could negotiate a bonus with a teacher for completing classroom work or with a neighbor for completing neighborhood work. In these hypothetical scenarios, boys and girls revealed similar perceptions of negotiation: they thought other children were similarly likely to negotiate, that it was similarly permissible to negotiate, that they would receive similarly little backlash for negotiating, and that negotiating would lead to similar rewards. Furthermore, girls and boys reported that they would negotiate to a similar extent in these hypothetical situations.

Through a subsequent experiment that included more than 200 child participants, the researchers sought to understand how boys and girls would negotiate based on their performance and their perceptions of this performance. Here, the children were asked to quickly identify images on a computer screen. The boys and girls performed roughly the same.




After these cognitive tasks, all children -- regardless of their performance -- were told that because of how they did, they should receive a bonus: pictures of animals. The children were then asked how many pictures they thought they should receive for their achievement.

Despite performing at approximately the same levels, there was a noticeable gender gap in how the participants responded to the question about the size of the bonus they thought they should receive:
    	    Despite having similar perceptions of negotiation, consistent with the findings from the hypothetical studies, boys asked for bigger bonuses than girls did for completing the same work. This difference was not trivial: the typical boy asked for more bonus pictures than about 65% of girls did.
    
    	    While girls and boys performed equally well in the cognitive task, their perceptions of their own competence differed: boys thought better of their performance than girls thought of theirs. This difference in perceived competence, the authors conclude, helped explain why boys asked for more than girls: boys believed they did better, and those boys were also more likely to negotiate for higher bonuses.
    
    	    Also notable among the findings was that the relationship between children's perceptions of negotiation and their bonus requests differed by gender. Although girls' and boys' perceptions were similar on average, these perceptions only predicted boys' requests, not girls'. For instance, among boys, those who thought negotiating was more permissible were also more likely to ask for higher bonuses. In contrast, perceptions of the permissibility of negotiation were not associated with request magnitude among girls.
    

"Boys leveraged their perceptions of how common and permissible it is to ask for more, while girls did not," explains McAuliffe. "This meant that, for example, when both girls and boys thought it was more common and more permissible to negotiate, boys negotiated more than girls did."

The research was supported by a grant from the National Science Foundation (DGE-2234660).
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Imagining the physics of George R.R. Martin's fictional universe
        Researchers have derived a formula for viral behavior in the Wild Cards, a science fiction series written by a collection of authors about an alien virus called the Wild Card that mutates human DNA. The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

      

      
        New twist in mystery of dinosaurs' origin
        The remains of the earliest dinosaurs may lie undiscovered in the Amazon and other equatorial regions of South America and Africa, suggests a new study.

      

      
        Rare pterosaur fossil reveals crocodilian bite 76m years ago
        The fossilized neck bone of a flying reptile unearthed in Canada shows tell-tale signs of being bitten by a crocodile-like creature 76 million years ago, according to a new study.

      

      
        Claims for the world's deepest earthquake challenged by new analysis
        The magnitude 7.9 Bonin Islands earthquake sequence, which ruptured deep within the earth near the base of the upper mantle, did not include an aftershock that extended to record depths into the lower mantle, according to a new study.

      

      
        Fossil discovery in the Geiseltal Collection: Researchers identify unique bird skull
        Around 45 million years ago, a 4.6 feet-tall (1.40 meters) flightless bird called Diatryma roamed the Geiseltal region in southern Saxony-Anhalt. An international team of researchers report on the bird's fully preserved skull. The fossil was unearthed in the 1950s in a former lignite mining area in the Geiseltal in Germany. It was initially misclassified and thus led a shadowy existence until its rediscovery. The only other place that a similar skull fossil has been found is the USA.

      

      
        Fighting experience plays key role in brain chemical's control of male aggression
        Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.

      

      
        Final synthetic yeast chromosome unlocks new era in biotechnology
        Scientists have completed construction of the final chromosome in the worlds' first synthetic yeast genome following more than a decade of work, opening new possibilities for creating resilient, engineered organisms.

      

      
        Wild baboons not capable of visual self-awareness when viewing their own reflection
        Wild baboons failed to demonstrate visual self-recognition in a test carried out by anthropologists.

      

      
        Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state
        A new study has identified a group of neurons that, when activated, can induce a hypometabolic state, akin to hibernation. The discovery could have far-reaching implications for conditions like obesity, cardiometabolic diseases, and even for space travel. The research team found that these neurons regulate key aspects of the brain-heart-gut axis.

      

      
        Building sentence structure may be language-specific
        Do speakers of different languages build sentence structure in the same way? In a neuroimaging study, scientists recorded the brain activity of participants listening to Dutch stories. In contrast to English, sentence processing in Dutch was based on a strategy for predicting what comes next rather than a 'wait-and-see' approach, showing that strategies may differ across languages.

      

      
        Reimagining chain mail
        Experiments have yielded a fascinating new type of matter, neither granular nor crystalline, that responds to some stresses as a fluid would and to others like a solid. The new material, known as PAM (for polycatenated architected materials) could have uses in areas ranging from helmets and other protective gear to biomedical devices and robotics.

      

      
        Astronomers thought they understood fast radio bursts: A recent one calls that into question
        Fast radio bursts are mysterious and brief flashes of radio emissions that were thought to be produced by magnetars, highly magnetized rotating neutron stars. Yet magnetars appear primarily in young star clusters. A repeating burst discovered last year has been pinpointed to the distant outskirts of an old but massive elliptical galaxy where, theoretically, such stars would long since have disappeared. Does this mean magnetars are not the source of FRBs?

      

      
        'Unprecedented' level of control allows person without use of limbs to operate virtual quadcopter
        A brain-computer interface, surgically placed in a research participant with tetraplegia, paralysis in all four limbs, provided an unprecedented level of control over a virtual quadcopter -- just by thinking about moving his unresponsive fingers.

      

      
        Neuromorphic semiconductor chip that learns and corrects itself?
        Scientists have developed a computing chip that can learn, correct errors, and process AI tasks.

      

      
        Extreme supersonic winds measured on planet outside our Solar System
        Astronomers have discovered extremely powerful winds pummeling the equator of WASP-127b, a giant exoplanet. Reaching speeds up to 33,000 km/h, the winds make up the fastest jet-stream of its kind ever measured on a planet. The discovery provides unique insights into the weather patterns of a distant world.

      

      
        Salt deposit ring inside your pasta pan?
        If you've ever tossed a generous pinch of salt into your pasta pan's water for flavor or as an attempt to make it boil faster, you've likely ended up with a whitish ring of deposits inside the pan. A group of scientists, inspired by this observation during an evening of board games and pasta dinner, wondered what it would take to create the most beautiful salt ring inside the pasta pan they report their findings about what causes these peculiar salt particle cloud deposits to form.

      

      
        First fast radio burst traced to old, dead, elliptical galaxy
        Astronomers previously thought all FRBs were generated by magnetars formed through the explosions of very young, massive stars. But new FRB is pinpointed to the outskirts of 11.3-billion-year-old galaxy without young, active stars -- calling those assumptions into question. 'Just when you think you understand an astrophysical phenomenon, the universe turns around and surprises us,' researcher says.

      

      
        In chimpanzees, peeing is contagious
        A new study has described a phenomenon researchers refer to as 'contagious urinations.' The study in 20 captive chimpanzees living at the Kumamoto Sanctuary in Japan shows that, when one chimp pees, others are more likely to follow.

      

      
        NASA's Hubble traces hidden history of Andromeda galaxy
        In the years following the launch of NASA's Hubble Space Telescope, astronomers have tallied over 1 trillion galaxies in the universe. But only one galaxy stands out as the most important nearby stellar island to our Milky Way -- the magnificent Andromeda galaxy (Messier 31). It can be seen with the naked eye on a very clear autumn night as a faint cigar-shaped object roughly the apparent angular diameter of our Moon. A century ago, Edwin Hubble first established that this so-called 'spiral nebul...

      

      
        The universe is expanding too fast to fit theories: Hubble tension in crisis
        The Universe really seems to be expanding fast. Too fast, even. A new measurement confirms what previous -- and highly debated -- results had shown: The Universe is expanding faster than predicted by theoretical models, and faster than can be explained by our current understanding of physics. This discrepancy between model and data became known as the Hubble tension. Now, results provide even stronger support to the faster rate of expansion.

      

      
        Bacteria in polymers form cables that grow into living gels
        Experiments and modeling reveal the unexpected structure that can be seen in bacteria grown in mucus samples and biofilms.

      

      
        Astrophysicists reveal structure of 74 exocomet belts orbiting nearby stars in landmark survey
        Astrophysicists have imaged a large number of exocomet belts around nearby stars, and the tiny pebbles within them. The crystal-clear images show light being emitted from these millimeter-sized pebbles within the belts that orbit 74 nearby stars of a wide variety of ages -- from those that are just emerging from birth to those in more mature systems like our own Solar System.

      

      
        Fine-tuned brain-computer interface makes prosthetic limbs feel more real
        Two new articles document progress in neuroprosthetic technology that lets people feel the shape and movement of objects moving over the 'skin' of a bionic hand.

      

      
        New chainmail-like material could be the future of armor
        Resembling the interlocking links in chainmail, novel nanoscale material is incredibly strong and flexible. The interlocked material contains 100 trillion mechanical bonds per 1 square centimeter -- the highest density of mechanical bonds ever achieved. Small amounts of the mechanically interlocked polymer added to Ultem fibers increased the high-performance material's toughness.

      

      
        Polymer research shows potential replacement for common superglues with a reusable and biodegradable alternative
        Researchers have developed an adhesive polymer that is stronger than current commercially available options while also being biodegradable, tunable, and reusable. The findings show how the common, naturally occurring polymer P3HB can be chemically re-engineered for use as a strong yet sustainable bonding agent.

      

      
        This tiny galaxy is answering some big questions
        Leo P, a small galaxy and a distant neighbor of the Milky Way, is lighting the way for astronomers to better understand star formation and how a galaxy grows. Scientists have reported finding that Leo P 'reignited,' reactivating during a significant period on the timeline of the universe, producing stars when many other small galaxies didn't.

      

      
        Large and small galaxies may grow in ways more similar than expected
        Galaxies like the Milky Way grow by merging with smaller galaxies over billions of years, unlike dwarf galaxies, which have long been thought to lack the heft to attract mass and grow in the same way. New observations challenge this view, suggesting that even dwarf galaxies can accrete mass from other small galaxies.

      

      
        NASA's Pandora mission one step closer to probing alien atmospheres
        Pandora, a small satellite mission poised to provide in-depth study of at least 20 known planets orbiting distant stars to determine the composition of their atmospheres cleared an important milestone by completing the spacecraft bus, which acts as the spacecraft's 'brains.'

      

      
        Volcanic eruption caused Neolithic people to sacrifice unique 'sun stones'
        4,900 years ago, a Neolithic people on the Danish island Bornholm sacrificed hundreds of stones engraved with sun and field motifs. Archaeologists and climate scientists can now show that these ritual sacrifices coincided with a large volcanic eruption that made the sun disappear throughout Northern Europe.

      

      
        Asteroid impact sulfur release less lethal in dinosaur extinction
        Previous studies have posited that the mass extinction that wiped the dinosaurs off the face of the Earth was caused by the release of large volumes of sulfur from rocks within the Chicxulub impact crater 66 million years ago. A new study questions this scenario. Using groundbreaking empirical measurements of sulfur within the related Cretaceous-Paleogene (K-Pg) boundary layer, the international team has demonstrated that the role of sulfur during the extinction has been overestimated.

      

      
        Pioneering research exposes huge loss of glaciers in one of the fastest-warming places on Earth
        A new study has revealed the alarming extent glaciers have shrunk over the past 40 years in a global warming hotspot -- and the biggest retreat has occurred in recent years.

      

      
        Cavity-nesting birds decorate with snake skin to deter predators
        When a bird drapes its nest with snake skin, it isn't just making an interesting decor choice. Researchers find that for some birds, it keeps predators at bay.

      

      
        New study provides insight into how some species thrive in dark, oxygen-free environments
        A new study sheds light on how a species of foraminifera, single-celled organisms found in almost all marine habitats, thrives in a dark, oxygen-free environment.

      

      
        Astronomers observe real-time formation of black hole jets for the first time
        In 2018, a galaxy about 270 million light-years away from Earth exhibited a major increase in activity. It quieted down again by 2020 -- only to dramatically increase its output again in 2023. At that time, it began emitting radio waves at 60 times the previous intensity over just a few months, behavior which has never been monitored in real time for a supermassive black hole. Imaging also clearly shows a pair of oppositely directed plasma jets forming near the black hole and expanding outward ov...

      

      
        The moon: A chunk ejected from Earth?
        A research team has discovered another piece in the puzzle of the formation of the Moon and water on Earth. The prevailing theory was that the Moon was the result of a collision between the early Earth and the protoplanet Theia. New measurements indicate that the Moon formed from material ejected from the Earth's mantle with little contribution from Theia. In addition, the findings support the idea that water could have reached the Earth early in its development and may not have been added by lat...

      

      
        Early humans adapted to harsh conditions more than a million years ago
        A long-standing question about when archaic members of the genus Homo adapted to harsh environments such as deserts and rainforests has been answered in a new research paper.
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Imagining the physics of George R.R. Martin's fictional universe | ScienceDaily
Many science fiction authors try to incorporate scientific principles into their work, but Ian Tregillis, who is a contributing author of the Wild Cards book series when he's not working as a physicist at Los Alamos National Laboratory, took it one step further: He derived a formula to describe the dynamics of the fictional universe's viral system.


						
In independent research published in the American Journal of Physics, from AIP Publishing, Tregillis and George R.R. Martin derive a formula for viral behavior in the Wild Cards universe. 

Wild Cards is a science fiction series written by a collection of authors and edited by Martin and Melinda M. Snodgrass. Sitting at over 30 volumes, the books are about an alien virus called the Wild Card that mutates human DNA. Martin is credited as a co-author of the paper, making it his first peer-reviewed physics publication.

The idea to explore the science behind the fictional virus came from a series of blog posts on the Wild Cards website.

"Like any physicist, I started with back-of-the-envelope estimates, but then I went off the deep end. Eventually I suggested, only half-jokingly, that it might be easier to write a genuine physics paper than another blog post," Tregillis said. "Being a theoretician, I couldn't help but wonder if a simple underlying model might tidy up the canon."

The formula he derived is a Lagrangian formulation, which considers the different ways a system can evolve. It's also a fundamental physics principle, which also makes the fictional example a powerful teaching tool.

Tregillis shared that deriving this physical model was a fun but open-ended puzzle. After some trial and error of models based on fractals or thermodynamic analogies, he and Martin settled on the Lagrangian approach.

"We translated the abstract problem of Wild Card viral outcomes into a simple, concrete dynamical system. The time-averaged behavior of this system generates the statistical distribution of outcomes," he said.

While the Wild Card virus can be modeled by physics, Tregillis emphasized that it isn't a hard-and-fast rule in the canon.

"Good storytelling is about characters: their wants, needs, obstacles, challenges, and how they interact with their world," Tregillis said. "The fictional virus is really just an excuse to justify the world of Wild Cards, the characters who inhabit it, and the plot lines that spin out from their actions."
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New twist in mystery of dinosaurs' origin | ScienceDaily
The remains of the earliest dinosaurs may lie undiscovered in the Amazon and other equatorial regions of South America and Africa, suggests a new study led by UCL (University College London) researchers.


						
Currently, the oldest known dinosaur fossils date back about 230 million years and were unearthed further south in places including Brazil, Argentina and Zimbabwe. But the differences between these fossils suggest dinosaurs had already been evolving for some time, pointing to an origin millions of years earlier.

The new study, published in the journal Current Biology, accounted for gaps in the fossil record and concluded that the earliest dinosaurs likely emerged in a hot equatorial region in what was then the supercontinent Gondwana -- an area of land that encompasses the Amazon, Congo basin, and Sahara Desert today.

Lead author and PhD student Joel Heath (UCL Earth Sciences and the Natural History Museum, London) said: "Dinosaurs are well studied but we still don't really know where they came from. The fossil record has such large gaps that it can't be taken at face value.

"Our modelling suggests that the earliest dinosaurs might have originated in western, low-latitude Gondwana. This is a hotter and drier environment than previously thought, made up of desert- and savannah-like areas.

"So far, no dinosaur fossils have been found in the regions of Africa and South America that once formed this part of Gondwana. However, this might be because researchers haven't stumbled across the right rocks yet, due to a mix of inaccessibility and a relative lack of research efforts in these areas."

The modelling study drew on fossils and evolutionary trees of dinosaurs and their close reptile relatives, as well as the geography of the period. It accounted for gaps in the fossil record by treating areas of the globe where no fossils had been found as missing information rather than areas where no fossils exist.




Initially, early dinosaurs were vastly outnumbered by their reptile cousins.

These included the ancestors of crocodiles, the pseudosuchians (an abundant group including enormous species up to 10 metres long), and pterosaurs, the first animals to evolve powered flight (flying by flapping wings rather than gliding), who grew as big as fighter jets.

By contrast, the earliest dinosaurs were much smaller than their descendants -- more the size of a chicken or dog than a Diplodocus. They walked on two legs (were bipedal) and most are thought to have been omnivores.

Dinosaurs became dominant after volcanic eruptions wiped out many of their reptile relatives 201 million years ago.

The new modelling results suggested that dinosaurs as well as other reptiles may have originated in low-latitude Gondwana, before radiating outwards, spreading to southern Gondwana and to Laurasia, the adjacent northern supercontinent that later split into Europe, Asia and North America.

Support for this origin comes from the fact it is a midpoint between where the earliest dinosaurs have been found in southern Gondwana and where the fossils of many of their close relatives have been discovered to the north in Laurasia.




As there is uncertainty about how the most ancient dinosaurs were related to one another and to their close relatives, the researchers ran their model on three proposed evolutionary trees.

They found strongest support for a low-latitude Gondwanan origin of the dinosaurs in the model that counted silesaurids, traditionally regarded as cousins of dinosaurs but not dinosaurs themselves, as ancestors of ornithischian dinosaurs.

Ornithischians, one of the three main dinosaur groups that later included plant eaters Stegosaurus and Triceratops, are mysteriously absent from the fossil record of these early years of the dinosaur era. If silesaurids are the ancestors of ornithischians, this helps to fill in this gap in the evolutionary tree.

Senior author Professor Philip Mannion (UCL Earth Sciences) said: "Our results suggest early dinosaurs may have been well adapted to hot and arid environments. Out of the three main dinosaur groups, one group, sauropods, which includes the Brontosaurus and the Diplodocus, seemed to retain their preference for a warm climate, keeping to Earth's lower latitudes.

"Evidence suggests the other two groups, theropods and ornithischians, may have developed the ability to generate their own body heat some millions of years later in the Jurassic period, allowing them to thrive in colder regions, including the poles."

The earliest known dinosaurs include Eoraptor, Herrerasaurus, Coelophysis, and Eodromaeus.
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Rare pterosaur fossil reveals crocodilian bite 76m years ago | ScienceDaily
The fossilised neck bone of a flying reptile unearthed in Canada shows tell-tale signs of being bitten by a crocodile-like creature 76 million years ago, according to a new study published today [23 January] in the Journal of Palaeontology.


						
The juvenile pterosaur vertebra, discovered in Dinosaur Provincial Park, Alberta, bears a circular four-millimetre-wide puncture mark from a crocodilian tooth. Researchers from the Royal Tyrrell Museum of Palaeontology (Canada), the University of Reading (UK) and the University of New England (Australia) say this rare evidence provides insight into predator-prey dynamics in the region during the Cretaceous Period.

The discovery was made during an international field course that took place in July 2023, led by Dr Brian Pickles from the University of Reading.

Dr Caleb Brown from the Royal Tyrrell Museum of Palaeontology is the lead author of the paper. He said: "Pterosaur bones are very delicate -- so finding fossils where another animal has clearly taken a bite is exceptionally uncommon. This specimen being a juvenile makes it even more rare."

Dinosaur Provincial Park has produced some of the most important dinosaur fossil discoveries ever made.

The punctured vertebra belongs to a young Azhdarchid pterosaur (Cryodrakon boreas), with an estimated wingspan of two metres. Adults of this species would have been as tall as a giraffe with a wingspan in the region of 10m.

The researchers used micro-CT scans and comparisons with other pterosaur bones to confirm the puncture is not a result of damage during fossilisation or excavation, but an actual bite.

Dr Brian Pickles from the University of Reading and co-author of the paper said: "Bite traces help to document species interactions from this period. We can't say if the pterosaur was alive or dead when it was bitten but the specimen shows that crocodilians occasionally preyed on, or scavenged, juvenile pterosaurs in prehistoric Alberta over 70 million years ago."

The paper also shows that this new bone documents the first evidence in North America of ancient crocodilians opportunistically feeding on these giant prehistoric flying reptiles. Other examples of Azhdarchid bones with possible crocodilian bites have previously been found in Romania.
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Claims for the world's deepest earthquake challenged by new analysis | ScienceDaily
The magnitude 7.9 Bonin Islands earthquake sequence, which ruptured deep within the earth near the base of the upper mantle, did not include an aftershock that extended to record depths into the lower mantle, according to a study in The Seismic Record.


						
When Hao Zhang of the University of Southern California and colleagues re-examined the aftershock sequence of the May 2015 earthquake, they did not find evidence for a 751-kilometer-deep aftershock as reported by previous researchers. This aftershock has been called the deepest earthquake ever recorded.

Instead, their study found a distribution of aftershocks that is compatible with a 12-kilometer sliver of a mantle mineral called olivine that could shed light on how deep earthquakes can occur.

The Bonin Islands earthquake, which ruptured 1000 kilometers offshore of Japan in a remote part of the Pacific Ocean, is one of the deepest and largest earthquakes ever recorded. The earthquake took place within the Izu-Bonin subduction zone 680 kilometers below the Earth's surface.

The mechanisms behind deep earthquakes -- those occurring 500 kilometers or deeper -- are something of a mystery to seismologists. Extremely high pressures and temperatures at these depths make rock more likely to bend or deform plastically, rather than break in the brittle fashion that causes earthquake rupture at shallower depths.

These earthquakes also typically produce few aftershocks, Zhang noted, which could provide useful data to understand how these deep events are generated at subduction zones.

Plastic deformation "limits the formation of extensive fracture networks that would typically generate aftershocks," he said. "Additionally, the high confining pressures promote efficient redistribution of stress following the mainshock, further reducing the likelihood of subsequent seismic events."

One previous study of the Bonin Islands earthquake reported a foreshock sequence for the event, while a second study detected a potentially record-breaking deep aftershock in the lower mantle.




"Both findings could significantly advance our understanding of deep earthquakes, if accurate," said Zhang. "However, these two catalogs are inconsistent, and both have methodological limitations. Therefore, it is essential to re-examine the aftershock sequence using improved techniques."

To gain a better look at the deep and remote earthquake, Zhang and colleagues turned to data collected by a dense seismic array in Japan called Hi-Net, using a combination of techniques to precisely locate seismic signals coming from the event.

Their new analysis detected no foreshocks but identified 14 aftershocks in the upper mantle within a 150-kilometer radius of the earthquake's hypocenter. One set of aftershocks aligned with the rupture plane of the earthquake one week after the mainshock, with a second set dispersing over a wider area during the second week.

"While it remains challenging to definitely reject the existence of seismicity initiated in the lower mantle and its associated mechanisms, our results do reject the most compelling lower mantle seismicity claim to date," the researchers write in their paper.

The aftershock pattern is compatible with the presence of a metastable olivine wedge or MOW, the researchers suggested. In a subducting slab, olivine can delay its transition into other mineral states under high temperature and pressure. "This delayed transformation may generate stress and release energy, potentially triggering deep earthquakes," Zhang said.

With MOWs as potential earthquake nucleation sites, some researchers have proposed this mechanism of transformational faulting as one of the main ways that deep earthquakes occur, he added.

"Furthermore, MOWs offer insights into the thermal structure and behavior of subducting slabs, with colder slabs being more likely to preserve metastable olivine at greater depths," Zhang added. "By studying MOWs, we can refine models of deep earthquake generation and improve our understanding of the dynamic processes in Earth's interior."
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Fossil discovery in the Geiseltal Collection: Researchers identify unique bird skull | ScienceDaily
Around 45 million years ago, a 4.6 feet-tall (1.40 metres) flightless bird called Diatryma roamed the Geiseltal region in southern Saxony-Anhalt. An international team of researchers led by the Martin Luther University Halle-Wittenberg (MLU) and the Senckenberg Research Institute and Natural History Museum in Frankfurt report on the bird's fully preserved skull in the scientific journal Palaeontologia Electronica. The fossil was unearthed in the 1950s in a former lignite mining area in the Geiseltal in Germany. It was initially misclassified and thus led a shadowy existence until its rediscovery. The only other place that a similar skull fossil has been found is the USA.


						
The Geiseltal Saxony-Anhalt is located south-west of Halle and was a lignite mining area until 1993. Numerous exceptionally well-preserved animal fossils have been unearthed here. The Geiseltal Collection at MLU comprises 50,000 fossils and is considered a national heritage asset. These fossils offer unique insights into the evolution of animals and the Eocene Epoch around 45 million years ago. At that time, the Geiseltal was a warm, tropical swamp. Ancient horses, early tapirs, large land crocodiles as well as giant tortoises, lizards and numerous birds lived here. Some of the latter were flightless and the largest of these was Diatryma, a herbivore with a gigantic beak which stood around 4.6 feet high.

For many years no one knew that an almost completely preserved skull of Diatryma was part of the collection. "The find was initially misidentified as a crocodile skull," says Michael Stache, a geological preparator at MLU's Central Repository of Natural Science Collections. Stache came across the fossil again by chance several years ago. He realised the mistake and got down to work, restoring and then analysing the piece of skull. He combined the fossil with another object from the collection, reconstructing an almost entire skull. Dr Gerald Mayr, a researcher at the Senckenberg Institute, examined the find more closely and realised its importance: the skull clearly belonged to a Diatryma. Only one other fully preserved skull is known to exist in the world and is housed in the American Museum of Natural History in the USA.

"This shows once again that many of the most interesting discoveries in palaeontology occur in museum collections. Just a few years ago, nobody would have thought that the Geiseltal Collection would contain such surprises," says Gerald Mayr. Michael Stache also reports that there is great scientific interest in the fossils. Researchers from Germany and abroad come to MLU on a regular basis to investigate the objects. "This research expands our understanding of the Eocene Epoch in the Geiseltal even though the excavations were completed long ago," says Michael Stache. Up until ten years ago, for example, it was assumed that Diatryma hunted prehistoric horses in the Geiseltal. More recent investigations have found that the bird was, in fact, a herbivore.

There are around 40 specimens of the bird in the Geiseltal Collection. "Diatryma was probably a rare guest in the Geisetal. Otherwise, there would probably be more fossils," concludes Stache.
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Fighting experience plays key role in brain chemical's control of male aggression | ScienceDaily
Like humans, mice will compete over territory and mates, and show increased confidence in their fighting skills the more they win. At first, a brain chemical called dopamine is essential for young males to master this behavior. But as they gain experience, the chemical grows less important in promoting aggression, a new study shows.


						
Dopamine has been linked to male aggression for decades. How past experiences might influence this relationship, however, had until now been unclear.

In experiments in rodents, a team led by researchers at NYU Langone Health boosted activity in dopamine-releasing cells in a part of the brain called the ventral tegmental area. The findings revealed that in inexperienced male fighters, this led the animals to attack for twice as long as they would have fought naturally. When the cells were blocked, the novice mice would not fight at all.

By contrast, this pattern did not hold true in males that had extensive fighting experience. Whether or not dopamine-releasing cells were boosted or blocked, the duration of attack did not change. Notably, though, the more clashes a mouse won, the more fights it would start in the future.

"Our findings offer new insight into how both 'nature' and 'nurture' shape aggression in males," said study senior author Dayu Lin, PhD. "While aggression is an innate behavior, dopamine -- and fighting experience -- is essential for its maturation during adulthood," added Lin, a professor in the Departments of Psychiatry and of Neuroscience at NYU Grossman School of Medicine.

A report on the findings is publishing online Jan. 22 in the journal Nature.

Building on their evidence for the role of dopamine in learning aggression, authors set out to better understand the brain mechanisms that might explain it. To do this, the team prevented cells in the ventral tegmental area of the brain from releasing dopamine into another region called the lateral septum, a site known to regulate aggression. They found that novice males would never learn to fight, but those with previous fighting experience would continue to engage in aggressive behavior. Similarly, promoting dopamine release in this area of the brain boosted hostility in rookies but had no effect on veterans.




This suggests that the lateral septum is a key brain site for dopamine to promote "aggression learning" in rodents and likely in other mammals, including people, says Lin, who is also a member of NYU Grossman School of Medicine's Institute for Translational Neuroscience.

The team also measured dopamine release in the lateral septum as the animals gained fighting experience. They found that the chemical surges the most on the day they first decide to attack. As the mouse becomes more experienced with fighting, this dopamine spike becomes less dramatic, supporting a central role of the chemical in initial aggression learning.

Importantly, the researchers also found that dopamine did not appear to play a similar role in female aggression. In fact, manipulating dopamine levels did not affect aggressive behaviors in female mice in any way.

According to Lin, the results may offer new insight into addressing mental health conditions marked by intense shifts in mood and behavior, such as schizophrenia, bipolar disorder, and borderline personality disorder. Antipsychotic drugs that interfere with dopamine release are commonly used to treat such diseases, as well as to suppress violent behavior in psychiatric patients.

"Our results suggest that targeting dopamine may not be an effective tool when treating those with a long history of aggression," said Lin. "As a result, healthcare providers may need to consider a patient's history, as well as their age and sex, when considering which therapy to use."

Lin adds that the results may also explain why antipsychotic drugs are known to have a stronger and longer-lasting effect in children than in adults, for whom aggression often returns once they stop receiving medication.

That said, Lin cautions that while mice share similar brain chemistry with people and that the current findings echo human clinical results, more research will be needed to demonstrate the impact of past behavior on the effectiveness of antipsychotic medications in humans.

Funding for the study was provided by National Institutes of Health grants R01MH101377, R01MH124927, U19NS107616, U01NS11335, U01NS12082, P30DA048736, and R01MH133669. Further study funding was provided by the Vulnerable Brain Project.

In addition to Lin, other NYU Langone researchers involved in the study are Bingqin Zheng, MS; Xiuzhi Dai; Xiaoyang Cui, BS; Luping Yin, PhD; Jing Cai, PhD; and Nicolas Tritsch, PhD. Other study investigators include Yizhou Zhuo, PhD, and Yulong Li, PhD, at the Peking University School of Life Sciences in Beijing; and Larry Zweifel, PhD, at the University of Washington in Seattle. Bing Dai, PhD, a former graduate student at NYU Langone and a current postdoctoral associate at the Massachusetts Institute of Technology in Cambridge, served as the study lead author.
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Final synthetic yeast chromosome unlocks new era in biotechnology | ScienceDaily
Macquarie University researchers have worked with an international team of scientists to achieve a major milestone in synthetic biology by completing the creation of the final chromosome in the world's first synthetic yeast genome.


						
This achievement represents the completion of the global Sc2.0 project to create the world's first synthetic eukaryotic genome from Saccharomyces cerevisiae (baker's yeast) and a new-to-nature tRNA neochromosome.

Using cutting-edge genome-editing techniques, including the CRISPR D-BUGS protocol, the team identified and corrected genetic errors that impacted yeast growth. These changes restored the strain's ability to grow on glycerol, a key carbon source, under elevated temperatures.

The breakthrough, published this week in Nature Communications, demonstrates how engineered chromosomes can be designed, built and debugged to create more resilient organisms that could help secure supply chains for food and medicine production in the face of climate change and future pandemics.

"This is a landmark moment in synthetic biology," says Professor Sakkie Pretorius, Co-Chief Investigator and Deputy Vice Chancellor (Research) of Macquarie University.

"It is the final piece of a puzzle that has occupied synthetic biology researchers for many years now."

Distinguished Professor Ian Paulsen, Director of the ARC Centre of Excellence in Synthetic Biology, who co-led the project, says: "By successfully constructing and debugging the final synthetic chromosome, we've helped complete a powerful platform for engineering biology that could revolutionise how we produce medicines, sustainable materials and other vital resources."

The research team used specialised gene editing tools to identify and fix problems in the synthetic chromosome affecting how well the yeast could reproduce and grow under challenging conditions.




They discovered that the placement of genetic markers near uncertain gene regions accidentally interfered with how essential genes were turned on and off, particularly affecting crucial processes like copper metabolism and how cells divide their genetic material.

"One of our key findings was how the positioning of genetic markers could disrupt the expression of essential genes," says co-lead author Dr Hugh Goold, research scientist at The NSW Department of Primary Industries and Honorary Postdoctoral Research Fellow from Macquarie University's School of Natural Sciences.

"This discovery has important implications for future genome engineering projects, helping establish design principles that can be applied to other organisms."

The completion of the chromosome known as synXVI allows scientists to explore new possibilities in metabolic engineering and strain optimisation. The synthetic chromosome includes features that enable researchers to generate genetic diversity on demand, accelerating the development of yeasts with enhanced capabilities for biotechnology applications.

"The synthetic yeast genome represents a quantum leap in our ability to engineer biology," says Dr Briardo Llorente, Chief Scientific Officer at the Australian Genome Foundry.

The construction of such a large synthetic chromosome was only possible using the robotic instrumentation in the Australian Genome Foundry.




"This achievement opens up exciting possibilities for developing more efficient and sustainable biomanufacturing processes, from producing pharmaceuticals to creating new materials," says Dr Llorente.

The research provides valuable insights for future synthetic biology projects, including potential applications in engineering plant and mammalian genomes. The team's new design principles for synthetic chromosomes to avoid placing potentially disruptive genetic elements near important genes will help other researchers working on synthetic chromosomes.

Macquarie University is responsible for more than 12 per cent of the entire Sc 2.0 project, and this contribution was supported by the NSW Government's Department of Primary Industries, the Australian Research Council Centre of Excellence in Synthetic Biology, and external grants from Bioplatforms Australia and the NSW Chief Scientist and Engineer.
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Wild baboons not capable of visual self-awareness when viewing their own reflection | ScienceDaily

It was the first time a controlled laser mark test has been done on these animals in a wild setting and strengthens the evidence from other studies that monkeys don't recognise their own reflection.

The researchers observed 120 Chacma baboons in Tsaobis Nature Park, Namibia, between May and October 2021 to better understand self-awareness among wild non-hominid primates, who have previously been tested almost exclusively in captivity.

Study author Dr Alecia Carter (UCL Anthropology) said: "We define self-awareness as 'the capacity to become the object of your own attention' and we test this capacity by assessing an individual's ability to identify an image of themselves.

"The Chacma baboons we observed in Tsaobis Nature Park certainly enjoyed using the mirrors as a new toy, but throughout our study they didn't quite understand that the mirror's reflection represented their own bodies and that the laser mark in the mirror image was, indeed, on themselves.

Dr Carter continued: "Anthropologists have been trying to measure self-awareness in animals for 50 years, but studies have lacked control conditions and focused on small numbers of animals raised in captivity. Our study is the first controlled laser mark test to be conducted in a wild setting and we hope it will act as a framework for future visual self-recognition studies."

In Namibia, the researchers began by allowing the baboons a period of mirror exposure to learn about the reflective surface. Reflective surfaces are uncommon in the baboons' arid natural habitat, in contrast to primates raised in captivity who may have had more exposure to their own reflection.




As shown in the footage, a red or green laser pointer was first shone on a visible part of the baboon's body, such as their hand or foot, to determine whether the baboon would investigate a mark visible on their own bodies. The baboons found the mark visually compelling, showing their curiosity by touching and scratching the mark.

The laser was then shone on a part of their body the baboon could not see unaided, such as their ear or cheek. While sat in front of a mirror, the baboons did not react or respond to the laser mark in the same way, suggesting they did not identify the baboon in the mirror as themselves.

Overall, interest in the lasers decreased with the age of the baboons and was greater among males than females. They also found that the baboons responded more to the green, rather than the red laser mark. The researchers compared a total of 361 laser experiments across 120 baboons.

Corresponding author Esa A. Ahmad said: "Our study provides a fantastic framework for scientists and anthropologists to continue researching the self-awareness of non-hominid primates in their natural setting.

"As the baboons didn't touch the marks when viewed indirectly, this research confirms that monkeys don't spontaneously recognise themselves in a mirror. But, given the monkeys quickly familiarised themselves with their mirror image, it also suggests that they don't consider their reflection to be a stranger."

Ethical permission to conduct the research was granted by the Namibian National Commission on Research Science and Technology and the Zoological Society of London Ethics Committee.
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Scientists identify neurons in mice that, once activated, can change body's metabolic rate, induce hibernation-like state | ScienceDaily
A team led by researchers at Georgia State University has identified a novel group of neurons controlling the brain-heart-gut axis which can be activated to induce a hypometabolic state that resembles hibernation. The discovery could have wide-ranging impacts for scientific fields ranging from obesity to cardiometabolic health, and even space travel.


						
The new study is published in the journal Nature Metabolism.

Lead author Eric Krause is a professor of neuroscience, a Georgia Research Alliance (GRA) Distinguished Investigator at Georgia State University and a core member of the Center for Neuroinflammation and Cardiometabolic Disease (CNCD). Krause worked with researchers from the University of Florida and the Monell Chemical Senses Center in Philadelphia.

"We identified this population of neurons located near the base of the skull that relay the sensation of mechanical stretch exerted on the gut and heart to the brain. When these neurons are activated, they seem to recreate the sensation of feeling full or having increased blood pressure," Krause said. "We found that activating these neurons suppresses eating and lowers blood pressure, heart rate and whole-body metabolism."

During the research, the team discovered that simultaneous, recurrent firing of these neurons in mice produces a torpor-like state, similar to that of animals in hibernation, characterized by reductions in cardiac output, body temperature and energy expenditure.

"We found that repeated excitation of the neurons decreased body mass and produced a hypometabolic state without inducing anxiety-like behaviors that are often observed with chronic stress," Krause said. "This is changing what we know about body-to-brain communication and how profoundly it affects physiology and behavior."

The researchers were able to activate the population of neurons through a process known as chemogenetic excitation. Utilizing animal models to manipulate oxytocin signaling in the vagal sensory neurons, the team was able to assess impacts on various sensory function.




Oxytocin is commonly known as the love hormone and regulates how we respond to other people. Krause said the findings indicate that oxytocin may act on these neurons to also rule how we feel about ourselves, similar to what we think of as "gut feelings" or "heartache."

Krause said activating these neurons could be leveraged therapeutically to achieve weight loss without prolonged hypometabolism or stress side effects.

Researchers also believe this discovery could be a step toward developing treatments for cardiometabolic disease and extending longevity. Torpor is also being explored for applications ranging from biomedical therapeutics to slowing the metabolic rate of astronauts to enable long-duration space travel.

Guillaume de Lartigue is a co-author on the study and a researcher with the Monell Chemical Senses Center. He called this discovery an exciting step toward unlocking the therapeutic potential of the vagus nerve.

"We've tapped into the body's own energy-saving toolkit. By activating these neurons, we can trigger an ancient survival mechanism present in mammals," de Lartigue said. "If we can control the body's on/off switch for energy use, the implications for human health are extraordinary."

Annette de Kloet, an associate professor of neuroscience and part of the Georgia State research team, said the research highlights a novel approach to decreasing food intake, body weight and blood pressure without negative anxiogenic consequences.

"This discovery may lead to novel approaches that take advantage of body-brain communication to alleviate stress-induced cardiometabolic diseases, like obesity and hypertension," de Kloet said.

The research team has recently been awarded an additional $3.4 million grant from the National Institutes of Health to continue its work.

"Our GRA Distinguished Investigators are recognized for their exceptional vision and expertise," said Donald Hamelberg, interim vice president for research and economic development at Georgia State. "This latest breakthrough highlights the research excellence these scholars contribute to our university and to society."
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Building sentence structure may be language-specific | ScienceDaily
Do speakers of different languages build sentence structure in the same way? In a neuroimaging study published in PLOS Biology, scientists from the Max Planck institute for Psycholinguistics, Donders Institute and Radboud University in Nijmegen recorded the brain activity of participants listening to Dutch stories. In contrast to English, sentence processing in Dutch was based on a strategy for predicting what comes next rather than a 'wait-and-see' approach, showing that strategies may differ across languages.


						
While listening to spoken language, people need to link 'abstract' knowledge of grammar to the words they actually hear. Theories on how people build grammatical structure in real time are often based on English. In sentences such as 'I have watched a documentary', the noun 'documentary' immediately follows the verb. However, in Dutch sentences, the word order may be reversed: 'Ik heb een documentaire gezien' ('I have a documentary watched').

"To find out whether speakers of different languages build grammatical structure in the same way, it is important to look at languages that differ from English in such interesting respects," says first author Cas Coopmans. "Findings based on English may not generalise to languages that have different grammatical properties, such as Dutch."

Audiobook stories

To investigate how people build sentence structure in Dutch, the researchers measured the brain activity of 24 participants who listened to Dutch audiobook stories in a magnetoencephalograophy (MEG) scanner.

For every word in the audiobook, the researchers determined how much grammatical information could be built. A 'top-down' strategy based on early prediction of upcoming sentence structure was compared to a 'bottom-up' strategy, based on integrating grammatical information at a later stage.

Predicting what comes next

Both sentence building strategies could predict activity in the major left hemisphere's language areas. But the effects were much stronger for predictive structure building.

While speakers of English seem to adopt a 'wait-and-see' approach, speakers of Dutch are more likely to build sentences in a predictive manner. This means that speakers of different languages differ in how they build grammatical structure during language comprehension.

The researchers next want to apply this method to study other languages, as well as the role of different linguistic properties. "Now that we know that we can use this method to study how people build grammatical structure during naturalistic spoken language comprehension, we can see how this process is influenced by other linguistic properties. In future work, we will investigate how the brain might use the prosodic properties of speech to extract the grammatical structure of spoken sentences," says Coopmans.
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Reimagining chain mail | ScienceDaily
Experiments from the Caltech lab of Chiara Daraio, G. Bradford Jones Professor of Mechanical Engineering and Applied Physics and Heritage Medical Research Institute Investigator, have yielded a fascinating new type of matter, neither granular nor crystalline, that responds to some stresses as a fluid would and to others like a solid. The new material, known as PAM (for polycatenated architected materials) could have uses in areas ranging from helmets and other protective gear to biomedical devices and robotics.


						
PAMs are not found in nature, though their basic form is known to us through the millennia-old manufacture of chain mail: small metal rings linked together to form a mesh, most often used as a flexible form of armor. PAMs, however, are like chain mail on steroids. Following the basic principle of interlocking shapes, like those found in a chain, PAMs are made up of a variety of shapes linked together to form three-dimensional patterns whose configurations are almost unimaginably variable. The resulting materials, which Daraio and her colleagues have rendered using 3D printers, exhibit behaviors not found in other types of materials.

Wenjie Zhou, postdoctoral scholar research associate in mechanical and civil engineering, has been working on these types of materials for two years in Daraio's lab. "I was a chemist, and I wanted to make these structures at a molecular scale, but that proved too challenging. In order to get answers to the questions I had about how these structures behave, I decided to join Chiara's group and study PAMs at a larger scale."

The PAMs that Daraio's group created and studied were first modeled on a computer and were designed to replicate lattice structures found in crystalline substances but with the crystal's fixed particles replaced by entangled rings or cages with multiple sides.

These lattices were then printed out three-dimensionally using a variety of materials, including acrylic polymers, nylon, and metals. Once the PAMs could be held in the palm of one's hand--most of the prototypes are 5-centimeter (2-inch) cubes or spheres with a 5-centimeter diameter--they were exposed to various types of physical stress. "We started with compression," Zhou explains, "compressing the objects a bit harder each time. Then we tried a simple shear, a lateral force, like what you would apply if you were trying to tear the material apart. Finally, we did rheology tests, seeing how the materials responded to twisting, first slowly and then more quickly and strongly."

In some scenarios, these PAMs behaved like liquids. "Imagine applying a shear stress to water," Zhou says. "There would be zero resistance. Because PAMs have all these coordinated degrees of freedom, with the rings and cages they are composed of sliding against one another as the links of a chain would, many have very little shear resistance." But when these structures are compressed, they may become fully rigid, behaving like solids.

This dynamism makes PAMs unique. "PAMs are really a new type of matter," Daraio says. "We all have a clear distinction in mind when we think of solid materials and granular matter. Solid materials are often described as crystalline lattices. This is what you see in the classic ball-and-stick models of atomic, chemical, or larger crystalline structures. It is these materials that have formed our conventional understanding of solid matter. The other class of materials is granular, as we see in substances like rice, flour, or ground coffee. These materials are made up of discrete particles, free to move and slide relative to one another."

PAMs defy this binary classification. "With PAMs, the individual particles are linked as they are in crystalline structures, and yet, because these particles are free to move relative to one another, they flow, they slide on top of each other, and they change their relative positions, more like grains of sand," Daraio explains. "PAMs can be very different from one another. You can print them in squishy materials or hard ones. You can change the shape of each particle, and you can change the lattice that you use to connect these particles. Each of these parameters affects the behavior of the resulting material. But all of them show a characteristic transition between fluid and solid-like behavior. This transition may happen under different circumstances, but it always happens."




"Architected materials have been a significant subfield in material science and engineering for the past 20 to 30 years," Daraio says. "But as hybrids between granular materials and elastic deformable materials, PAMs are exciting and new. We have theories to describe granular matter and theories to describe elastic deformable matter, but nothing that captures these in-between materials. It's a fascinating frontier that promises to redefine what materials are and how they behave."

At this point, potential uses for PAMs are largely speculative but nevertheless intriguing, Daraio says: "These materials have unique energy-absorption properties. Because each element can slide and rotate and reorganize relative to each other, they can dissipate energy very efficiently," making them better candidates for use in helmets or other forms of protective gear than the currently used foams. This property makes them similarly attractive for use in packaging or in any environment where cushioning or stabilization is required.

Experiments with microscale PAMs have shown that they will expand or contract in response to applied electrical charges as well as physical forces, suggesting possible uses in biomedical devices or soft robotics.

Co-author Liuchi Li (PhD '20), now assistant professor of civil and environmental engineering at Princeton University, is enthusiastic about the future of PAMs: "We can envision incorporating advanced artificial intelligence techniques to accelerate the exploration of this vast design space. We are only scratching the surface of what is possible."

This research is published in Science under the title "3D polycatenated architected materials." Co-authors include Zhou, Daraio, Sujeeka Nadarajah, Hujie Yan (MS '24), Aashutosh K. Prachet, and Payal Patel of Caltech; Li of Princeton University; and Anna Guell Izard and Xiaoxing Xia (PhD '19) of Lawrence Livermore National Laboratory (LLNL). Computational resources were provided by the High-Performance Computing Center at Caltech, and the research was funded by the Army Research Office, the Gary Clinard Innovation Fund, LLNL, and the US Department of Energy.
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Astronomers thought they understood fast radio bursts: A recent one calls that into question | ScienceDaily
Astronomer Calvin Leung was excited last summer to crunch data from a newly commissioned radio telescope to precisely pinpoint the origin of repeated bursts of intense radio waves -- so-called fast radio bursts (FRBs) -- emanating from somewhere in the northern constellation Ursa Minor.


						
Leung, a Miller Postdoctoral Fellowship recipient at the University of California, Berkeley, hopes eventually to understand the origins of these mysterious bursts and use them as probes to trace the large-scale structure of the universe, a key to its origin and evolution. He had written most of the computer code that allowed him and his colleagues to combine data from several telescopes to triangulate the position of a burst to within a hair's width at arm's length.

The excitement turned to perplexity when his collaborators on the Canadian Hydrogen Intensity Mapping Experiment (CHIME) turned optical telescopes on the spot and discovered that the source was in the distant outskirts of a long-dead elliptical galaxy that by all rights should not contain the kind of star thought to produce these bursts.

Instead of finding an expected "magnetar" -- a highly magnetized, spinning neutron star left over from the core collapse of a young, massive star -- "now the question was: How are you going to explain the presence of a magnetar inside this old, dead galaxy?" Leung said.

The young stellar remnants that theorists think produce these millisecond bursts of radio waves should have disappeared long ago in the 11.3-billion-year-old galaxy, located 2 billion light years from Earth and weighing more than 100 billion times the mass of the sun.

"This is not only the first FRB to be found outside a dead galaxy, but compared to all other FRBs, it's also the farthest from the galaxy it's associated with. The FRB's location is surprising and raises questions about how such energetic events can occur in regions where no new stars are forming," said Vishwangi Shah, a doctoral student at McGill University in Montreal, Canada, who refined and extended Leung's initial calculations about the location of the burst, called FRB 20240209A.

Shah is the corresponding author of a study of the FRB published today (Tuesday, Jan. 21) in the Astrophysical Journal Letters along with a second paper by colleagues at Northwestern University in Evanston, Illinois. Leung, a co-author of both papers, is a lead developer of three companion telescopes -- so-called outriggers -- to the original CHIME radio array located near Penticton, British Columbia. He mentored Shah at McGill while Leung was a doctoral student at the Massachusetts Institute of Technology (MIT) and subsequently held an Einstein Postdoctoral Fellowship at UC Berkeley prior to his Miller fellowship.




New CHIME outrigger in California

A third outrigger radio array will go online this week at Hat Creek Observatory, a facility in Northern California formerly owned and operated by UC Berkeley and now managed by the SETI Institute in Mountain View. Together, the four arrays will immensely improve CHIME's ability to precisely locate FRBs.

"When paired with the three outriggers, we should be able to accurately pinpoint one FRB a day to its galaxy, which is substantial," Leung said. "That's 20 times better than CHIME, with two outrigger arrays."

With this new precision, optical telescopes can pivot to identify the type of star groups -- globular clusters, spiral galaxies -- that produce the bursts and hopefully identify the stellar source. Of the 5,000 or so sources detected to date -- over 95% of which were detected by CHIME -- few have been isolated to a specific galaxy, which has hindered efforts to confirm whether magnetars or any other type of star are the source.

As detailed in the new paper, Shah averaged many bursts from the repeating FRB to improve the pinpointing accuracy provided by the CHIME array and one outrigger array in British Columbia. After its discovery in February 2024, astronomers recorded 21 more bursts through July 31. Since the paper was submitted, Shion Andrew at MIT incorporated data from a second outrigger at the Green Bank Observatory in West Virginia to confirm Shah's published position with 20 times the precision.

"This result challenges existing theories that tie FRB origins to phenomena in star-forming galaxies," said Shah. "The source could be in a globular cluster, a dense region of old, dead stars outside the galaxy. If confirmed, it would make FRB 20240209A only the second FRB linked to a globular cluster."

She noted, however, that the other FRB originating in a globular cluster was associated with a live galaxy, not an old elliptical in which star formation ceased billions of years ago.




"It's clear that there's still a lot of exciting discovery space when it comes to FRBs and that their environments could hold the key to unlocking their secrets," said Tarraneh Eftekhari, who has an Einstein Postdoctoral Fellowship at Northwestern and first author of the second paper.

"CHIME and its outrigger telescopes will let us do astrometry at a level unmatched by the Hubble Space Telescope or the James Webb Space Telescope. It'll be up to them to drill down to find the source," Leung added. "It's an amazing radio telescope."

The studies were supported by Gordon and Betty Moore Foundation, NASA, the Space Telescope Science Institute, the National Science Foundation, the David and Lucile Packard Foundation, the Alfred P. Sloan Foundation, the Research Corporation for Science Advancement, the Canadian Institute for Advanced Research, the Natural Sciences and Engineering Council of Canada, the Canada Foundation for Innovation and the Trottier Space Institute at McGill.
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'Unprecedented' level of control allows person without use of limbs to operate virtual quadcopter | ScienceDaily
A brain-computer interface, surgically placed in a research participant with tetraplegia, paralysis in all four limbs, provided an unprecedented level of control over a virtual quadcopter -- just by thinking about moving his unresponsive fingers.


						
The technology divides the hand into three parts: the thumb and two pairs of fingers (index and middle, ring and small). Each part can move both vertically and horizontally. As the participant thinks about moving the three groups, at times simultaneously, the virtual quadcopter responds, maneuvering through a virtual obstacle course.

It's an exciting next step in providing those with paralysis the chance to enjoy games with friends while also demonstrating the potential for performing remote work.

"This is a greater degree of functionality than anything previously based on finger movements," said Matthew Willsey, U-M assistant professor of neurosurgery and biomedical engineering, and first author of a new research paper in Nature Medicine. The testing that produced the paper was conducted while Willsey was a researcher at Stanford University, where most of his collaborators are located.

While there are noninvasive approaches to allow enhanced video gaming such as using electroencephalography to take signals from the surface of the user's head, EEG signals combine contributions from large regions of the brain. The authors believe that to restore highly functional fine motor control, electrodes need to be placed closer to the neurons. The study notes a sixfold improvement in the user's quadcopter flight performance by reading signals directly from motor neurons vs. EEG.

To prepare the interface, patients undergo a surgical procedure in which electrodes are placed in the brain's motor cortex. The electrodes are wired to a pedestal that is anchored to the skull and exits the skin, which allows a connection to a computer.

"It takes the signals created in the motor cortex that occur simply when the participant tries to move their fingers and uses an artificial neural network to interpret what the intentions are to control virtual fingers in the simulation," Willsey said. "Then we send a signal to control a virtual quadcopter."

The research, conducted as part of the BrainGate2 clinical trials, focused on how these neural signals could be coupled with machine learning to provide new options for external device control for people with neurological injuries or disease. The participant first began working with the research team at Stanford in 2016, several years after a spinal cord injury left him unable to use his arms or legs. He was interested in contributing to the work and had a particular interest in flying.




"The quadcopter simulation was not an arbitrary choice, the research participant had a passion for flying," said Donald Avansino, co-author and computer scientist at Stanford University. "While also fulfilling the participant's desire for flight, the platform also showcased the control of multiple fingers."

Co-author Nishal Shah, incoming professor of electrical and computer engineering at Rice University, explained, "controlling fingers is a stepping stone; the ultimate goal is whole body movement restoration."

Jaimie Henderson, a Stanford professor of neurosurgery and co-author of the study, said the work's importance goes beyond games. It allows for human connection.

"People tend to focus on restoration of the sorts of functions that are basic necessities -- eating, dressing, mobility -- and those are all important," he said. "But oftentimes, other equally important aspects of life get short shrift, like recreation or connection with peers. People want to play games and interact with their friends."

A person who can connect with a computer and manipulate a virtual vehicle simply by thinking, he says, could eventually be capable of much more.

"Being able to move multiple virtual fingers with brain control, you can have multifactor control schemes for all kinds of things," Henderson said. "That could mean anything, from operating CAD software to composing music."

Researchers Nick Hahn, Ryan Jamiolkowski, Foram Kamdar and Francis Willett at Stanford and Leigh Hochberg at Brown University also contributed to the study.

CAUTION: Investigational Device. Limited by Federal law to investigational use.
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Neuromorphic semiconductor chip that learns and corrects itself? | ScienceDaily
Existing computer systems have separate data processing and storage devices, making them inefficient for processing complex data like AI. A KAIST research team has developed a memristor-based integrated system similar to the way our brain processes information. It is now ready for application in various devices including smart security cameras, allowing them to recognize suspicious activity immediately without having to rely on remote cloud servers, and medical devices with which it can help analyze health data in real time.


						
KAIST (President Kwang Hyung Lee) announced on the 17th of January that the joint research team of Professor Shinhyun Choi and Professor Young-Gyu Yoon of the School of Electrical Engineering has developed a next-generation neuromorphic semiconductor-based ultra-small computing chip that can learn and correct errors on its own.

What is special about this computing chip is that it can learn and correct errors that occur due to non-ideal characteristics that were difficult to solve in existing neuromorphic devices. For example, when processing a video stream, the chip learns to automatically separate a moving object from the background, and it becomes better at this task over time.

This self-learning ability has been proven by achieving accuracy comparable to ideal computer simulations in real-time image processing. The research team's main achievement is that it has completed a system that is both reliable and practical, beyond the development of brain-like components.

The research team has developed the world's first memristor-based integrated system that can adapt to immediate environmental changes, and has presented an innovative solution that overcomes the limitations of existing technology.

At the heart of this innovation is a next-generation semiconductor device called a memristor*. The variable resistance characteristics of this device can replace the role of synapses in neural networks, and by utilizing it, data storage and computation can be performed simultaneously, just like our brain cells.

*Memristor: A compound word of memory and resistor, next-generation electrical device whose resistance value is determined by the amount and direction of charge that has flowed between the two terminals in the past.




The research team designed a highly reliable memristor that can precisely control resistance changes and developed an efficient system that excludes complex compensation processes through self-learning. This study is significant in that it experimentally verified the commercialization possibility of a next-generation neuromorphic semiconductor-based integrated system that supports real-time learning and inference.

This technology will revolutionize the way artificial intelligence is used in everyday devices, allowing AI tasks to be processed locally without relying on remote cloud servers, making them faster, more privacy-protected, and more energy-efficient.

"This system is like a smart workspace where everything is within arm's reach instead of having to go back and forth between desks and file cabinets," explained KAIST researchers Hakcheon Jeong and Seungjae Han, who led the development of this technology. "This is similar to the way our brain processes information, where everything is processed efficiently at once at one spot."

The research was conducted with Hakcheon Jeong and Seungjae Han, the students of Integrated Master's and Doctoral Program at KAIST School of Electrical Engineering being the co-first authors, the results of which was published online in the international academic journal, Nature Electronics, on January 8, 2025.

This research was supported by the Next-Generation Intelligent Semiconductor Technology Development Project, Excellent New Researcher Project and PIM AI Semiconductor Core Technology Development Project of the National Research Foundation of Korea, and the Electronics and Telecommunications Research Institute Research and Development Support Project of the Institute of Information & communications Technology Planning & Evaluation.
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Extreme supersonic winds measured on planet outside our Solar System | ScienceDaily
Astronomers have discovered extremely powerful winds pummeling the equator of WASP-127b, a giant exoplanet. Reaching speeds up to 33,000 km/h, the winds make up the fastest jetstream of its kind ever measured on a planet. The discovery was made using the European Southern Observatory's Very Large Telescope (ESO's VLT) in Chile and provides unique insights into the weather patterns of a distant world.


						
Tornados, cyclones and hurricanes wreak havoc on Earth, but scientists have now detected planetary winds on an entirely different scale, far outside the Solar System. Ever since its discovery in 2016, astronomers have been investigating the weather on WASP-127b, a giant gas planet located over 500 light-years from Earth. The planet is slightly larger than Jupiter, but has only a fraction of its mass, making it 'puffy'. An international team of astronomers have now made an unexpected discovery: supersonic winds are raging on the planet.

"Part of the atmosphere of this planet is moving towards us at a high velocity while another part is moving away from us at the same speed," says Lisa Nortmann, a scientist at the University of Gottingen, Germany, and lead author of the study. "This signal shows us that there is a very fast, supersonic, jet wind around the planet's equator."

At 9 km per second (which is close to a whopping 33,000 km/h), the jet winds move at nearly six times the speed at which the planet rotates.* "This is something we haven't seen before," says Nortmann. It is the fastest wind ever measured in a jetstream that goes around a planet. In comparison, the fastest wind ever measured in the Solar System was found on Neptune, moving at 'only' 0.5 km per second (1800 km/h).

The team, whose research was published today in Astronomy & Astrophysics, mapped the weather and make-up of WASP-127b using the CRIRES+ instrument on ESO's VLT. By measuring how the light of the host star travels through the planet's upper atmosphere, they managed to trace its composition. Their results confirm the presence of water vapour and carbon monoxide molecules in the planet's atmosphere. But when the team tracked the speed of this material in the atmosphere, they observed -- much to their surprise -- a double peak, indicating that one side of the atmosphere is moving towards us and the other away from us at high speed. The researchers conclude that powerful jetstream winds around the equator would explain this unexpected result.

Further building up their weather map, the team also found that the poles are cooler than the rest of the planet. There is also a slight temperature difference between the morning and evening sides of WASP-127b. "This shows that the planet has complex weather patterns just like Earth and other planets of our own System," adds Fei Yan, a co-author of the study and a professor at the University of Science and Technology of China.

The field of exoplanet research is rapidly advancing. Up until a few years ago, astronomers could measure only the mass and the radius of planets outside the Solar System. Today, telescopes like ESO's VLT already allow scientists to map the weather on these distant worlds and analyse their atmospheres. "Understanding the dynamics of these exoplanets helps us explore mechanisms such as heat redistribution and chemical processes, improving our understanding of planet formation and potentially shedding light on the origins of our own Solar System," says David Cont from the Ludwig Maximilian University of Munich, Germany, and a co-author of the paper.

Interestingly, at present, studies like this can only be done by ground-based observatories, as the instruments currently on space telescopes do not have the necessary velocity precision. ESO's Extremely Large Telescope -- which is under construction close to the VLT in Chile -- and its ANDES instrument will allow researchers to delve even deeper into the weather patterns on far-away planets. "This means that we can likely resolve even finer details of the wind patterns and expand this research to smaller, rocky planets," Nortmann concludes.

Note

* While the team hasn't measured the rotation speed of the planet directly, they expect WASP-127b to be tidally locked, meaning the planet takes as long to rotate around its own axis as it does to orbit the star. Knowing how big the planet is and how long it takes to orbit its star, they can infer how fast it's rotating.
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Salt deposit ring inside your pasta pan? | ScienceDaily
If you've ever tossed a generous pinch of salt into your pasta pan's water for flavor or as an attempt to make it boil faster, you've likely ended up with a whitish ring of deposits inside the pan.


						
A group of scientists from the University of Twente in the Netherlands and the French National Institute for Agriculture, Food, and Environment (INRAE), inspired by this observation during an evening of board games and pasta dinner, wondered what it would take to create the most beautiful salt ring inside the pasta pan: Would you need to throw in small salt grains or large ones? In what quantity and how fast? Is there an optimal amount of water inside the pan?

In Physics of Fluids, from AIP Publishing, the group reports their findings about what causes these peculiar salt particle cloud deposits to form. Their experiment is simple to set up, easily reproducible, and inexpensive.

"By the end of our meal, we'd sketched an experimental protocol and written a succession of experiments we wanted to try on my youngest son's small whiteboard," said Mathieu Souzy. "It was a great overall experience, because we soon realized our simple observation of daily life conceals a rich variety of physical mechanisms!"

So what's really going on within the pan? When a single particle is released into a tank of water, it settles to the bottom due to gravity and creates a small wake drag that perturbs the flow of water around it.

"If a large number of particles are released at the same time, neighboring particles experience this flow perturbation generated by all surrounding particles," said Souzy. "It causes sedimenting (falling) particles to be progressively shifted horizontally, which leads to an expanding circular distribution of the particles."

When particles reach the bottom rapidly, they form a circular deposit, and the water entrained within the wake of the cloud of particles further pushes the particles radially away. This creates a clean central depletion region.

But if particles are released from a greater height, they sediment (fall) for a longer time and the cloud of particles expands radially -- until there's a large enough space between particles so that the flow perturbations induced by their fellow sedimenting/falling particles become negligible and particles are no longer close enough to form a "cloud." Then, particles essentially rain down to form a homogeneous circular deposit.

"These are the main physical ingredients, and despite its apparent simplicity, this phenomenon encompasses a wide range of physical concepts such as sedimentation, non-creeping flow, long-range interactions between multiple bodies, and wake entrainment," said Souzy. "Things get even more interesting once you realize larger particles are more radially shifted than small ones, which means you can sort particles by size just by dropping them into a water tank!"

And yes, Souzy can "create very nice salt rings almost every time" he cooks now.
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First fast radio burst traced to old, dead, elliptical galaxy | ScienceDaily
For the first time, astronomers have traced a fast radio burst (FRB) to the outskirts of an ancient, dead, elliptical galaxy -- an unprecedented home for a phenomenon previously associated with much younger galaxies.


						
Detailed in two complementary studies led by Northwestern University and McGill University, the discovery shatters assumptions that FRBs solely emanate from regions of active star formation. The new observational evidence, instead, hints that the origins of these mysterious cosmic events might be more diverse than previously thought.

Both studies will publish on Tuesday (Jan. 21) in the Astrophysical Journal Letters.

"The prevailing theory is that FRBs come from magnetars formed through core-collapse supernovae," said Northwestern's Tarraneh Eftekhari, who led one of the studies and coauthored the other. "That doesn't appear to be the case here. While young, massive stars end their lives as core-collapse supernovae, we don't see any evidence of young stars in this galaxy. Thanks to this new discovery, a picture is emerging that shows not all FRBs come from young stars. Maybe there is a subpopulation of FRBs that are associated with older systems."

"This new FRB shows us that just when you think you understand an astrophysical phenomenon, the universe turns around and surprises us," said Northwestern's Wen-fai Fong, a senior author on both studies. "This 'dialogue' with the universe is what makes our field of time-domain astronomy so incredibly thrilling."

Eftekhari is a NASA Einstein Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). Fong is an associate professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and a member of CIERA.

A first for the CHIME outrigger telescopes

Astronomers first detected the new FRB, dubbed FRB 20240209A, in February 2024 with the Canadian Hydrogen Intensity Mapping Experiment (CHIME). Flaring up and disappearing within milliseconds, FRBs are brief, powerful radio blasts that generate more energy in one quick burst than our sun emits in an entire year.




But this event flared up more than once. Between the initial burst in February through July 2024, the same source produced another 21 pulses -- six of which were also detected by an outrigger telescope located 60 kilometers away from CHIME's main station. Smaller versions of CHIME, the outriggers enable astronomers to precisely confine the specific locations of FRBs on the sky.

Most massive FRB host galaxy to date

After the team pinpointed the FRB's position, Eftekhari and her collaborators hurried to use telescopes at the W.M. Keck and Gemini observatories to explore the event's surrounding environment. In a specialized room on the Evanston campus, Northwestern astronomers have remote access to Keck, which enables them to quickly observe phenomena of high interest.

Instead of finding a young galaxy, these observations surprisingly revealed that the FRB originated at the edge of an 11.3-billion-year-old neighboring galaxy, located just 2 billion lightyears from Earth.

To learn more about this unusual host galaxy, the team used high-performance computers to run simulations. They found that the galaxy is extremely luminous and incredibly massive -- 100 billion times the mass of our sun.

"It seems to be the most massive FRB host galaxy to date," Eftekhari said. "It's among some of the most massive galaxies out there."

A far-flung home




But, while most FRBs originate well within their galaxies, the team traced FRB 20240209A to the outskirts of its home -- 130,000 lightyears from the galaxy's center where few other stars exist.

"Among the FRB population, this FRB is located the furthest from the center of its host galaxy," said Vishwangi Shah, a graduate student at McGill, who led the effort to pinpoint the FRB's origins. "This is both surprising and exciting, as FRBs are expected to originate inside galaxies, often in star-forming regions. The location of this FRB so far outside its host galaxy raises questions as to how such energetic events can occur in regions where no new stars are forming."

'Twinning' FRBs

Before this discovery, astronomers had traced only one other FRB to the outer fringes of a galaxy. In 2022, an international team of astronomers detected an FRB, which emanated from a tight cluster of stars on the edge of Messier 81 (M81), a grand design spiral galaxy located about 12 million light years from Earth. Although FRB 20240209A occurred in an elliptical galaxy, the two events share several other similarities.

"A few years ago, the M81 FRB was surprisingly discovered within a dense cluster of stars called a globular cluster," Fong said. "That event single-handedly halted the conventional train of thought and made us explore other progenitor scenarios for FRBs. Since then, no FRB had been seen like it, leading us to believe it was a one-off discovery -- until now.

"In fact, this CHIME FRB could be a twin of the M81 event. It is far from its home galaxy (far away from where any stars are being born), and the population of stars in its home galaxy is extremely old. It's had its hey-day and is now coasting into retirement. At the same time, this type of old environment is making us rethink our standard FRB progenitor models and turning to more exotic formation channels, which is exciting."

Out of the nearly 100 FRBs that have been pinpointed to a galaxy so far, most have likely originated from magnetars, which are formed through core-collapse supernovae. Astrophysicists posit FRB 20240209A's origin, however, might be similar to the FRB found in M81.

Possible explanations

The McGill-led study discusses the likelihood that the new FRB originated within a dense globular cluster. Such clusters are promising sites for magnetars possibly formed through other mechanisms and associated with older stars, including through the merger of two neutron stars or from a white dwarf collapsing under its own gravity.

"A globular cluster origin for this repeating FRB is the most likely scenario to explain why this FRB is located outside its host galaxy," Shah said. "We do not know for a fact if there is a globular cluster present at the FRB position and have submitted a proposal to use the James Webb Space Telescope for follow-up observations of the FRB location. If yes, it would make this FRB only the second FRB known to reside in a globular cluster. If not, we would have to consider alternative exotic scenarios for the FRB's origin."

"It's clear that there's still a lot of exciting discovery space when it comes to FRBs," Eftekhari said, "and that their environments could hold the key to unlocking their secrets."

The studies, "A repeating fast radio burst source in the outskirts of a quiescent galaxy" and "The massive and quiescent elliptical host galaxy of the repeating fast radio burst FRB 20240209A," were supported by Gordon & Betty Moore Foundation, NASA, the Space Telescope Science Institute, the National Science Foundation, the David and Lucile Packard Foundation, the Alfred P. Sloan Foundation, the Research Corporation for Science Advancement, the Canadian Institute for Advanced Research, The Canadian Natural Sciences and Engineering Council of Canada, the Canada Foundation for Innovation and the Trottier Space Institute at McGill.
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In chimpanzees, peeing is contagious | ScienceDaily

"In humans, urinating together can be seen as a social phenomenon," says Ena Onishi of Kyoto University.

"An Italian proverb states, 'Whoever doesn't pee in company is either a thief or a spy' (Chi non piscia in compagnia o e un ladro o e una spia), while in Japanese, the act of urinating with others is referred to as 'Tsureshon'. This behavior is represented in art across centuries and cultures and continues to appear in modern social contexts. Our research suggests that this phenomenon may have deep evolutionary roots. We found that chimpanzees, our closest relatives, tend to urinate in response to the urination of nearby individuals."

The researchers decided to study this behavior after noticing that the sanctuary chimpanzees seemed to pee at about the same time. It reminded them of human behavior, and they wondered whether it might be comparable to contagious yawning. To find out, they documented peeing behaviors in the Kumamoto chimpanzees over more than 600 hours, including 1,328 urination events. They analyzed the observational data to see whether peeing among the chimpanzees was significantly synchronized in time. They also explored whether it was influenced by nearby individuals or shaped by social factors.

The evidence showed that urination events were significantly more synchronized during observations than would be expected if the chimpanzees were simply peeing at random times with respect to one another. The likelihood of contagious urination also increased with physical proximity to the initial urinator, they report. Interestingly, individuals with lower dominance ranks were more likely to pee when others were peeing. The finding suggests that urination patterns are influenced by social hierarchy, with a tendency for the behavior to "flow down" the dominance structure, the researchers say.

"We were surprised to discover that the contagion pattern was influenced by social rank," Onishi says. "Since there were no prior studies on contagious urination in any species, we drew parallels to contagious yawning, another semi-voluntary physiological behavior. Based on this, we initially expected that any social influences might resemble those seen in yawning -- such as stronger contagion between socially close pairs. However, our results showed no evidence of effects related to social closeness. Instead, we observed a clear influence of social rank, with lower-ranking individuals being more likely to follow the urination of others."

"This was an unexpected and fascinating result, as it opens up multiple possibilities for interpretation," Shinya Yamamoto, also of Kyoto University, adds. "For instance, it could reflect hidden leadership in synchronizing group activities, the reinforcement of social bonds, or attention bias among lower-ranking individuals. These findings raise intriguing questions about the social functions of this behavior."

The findings may have important implications for understanding and exploring the role of this behavior in maintaining group cohesion, facilitating coordination, or reinforcing social bonds within the group, according to the researchers. It reveals how this seemingly mundane and necessary behavior might be of overlooked social significance.

The researchers say more study is needed to understand the specific functions and mechanisms underlying contagious urination in chimpanzees. They're also curious to know whether this phenomenon exists in other species.
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NASA's Hubble traces hidden history of Andromeda galaxy | ScienceDaily
In the years following the launch of NASA's Hubble Space Telescope, astronomers have tallied over 1 trillion galaxies in the universe. But only one galaxy stands out as the most important nearby stellar island to our Milky Way -- the magnificent Andromeda galaxy (Messier 31). It can be seen with the naked eye on a very clear autumn night as a faint cigar-shaped object roughly the apparent angular diameter of our Moon.


						
A century ago, Edwin Hubble first established that this so-called "spiral nebula" was actually very far outside our own Milky Way galaxy -- at a distance of approximately 2.5 million light-years or roughly 25 Milky Way diameters. Prior to that, astronomers had long thought that the Milky way encompassed the entire universe. Overnight, Hubble's discovery turned cosmology upside down by unveiling an infinitely grander universe.

Now, a century later, the space telescope named for Hubble has accomplished the most comprehensive survey of this enticing empire of stars. The Hubble telescope is yielding new clues to the evolutionary history of Andromeda, and it looks markedly different from the Milky Way's history.

Without Andromeda as a proxy for spiral galaxies in the universe at large, astronomers would know much less about the structure and evolution of our own Milky Way. That's because we are embedded inside the Milky Way. This is like trying to understand the layout of New York City by standing in the middle of Central Park.

"With Hubble we can get into enormous detail about what's happening on a holistic scale across the entire disk of the galaxy. You can't do that with any other large galaxy," said principal investigator Ben Williams of the University of Washington. Hubble's sharp imaging capabilities can resolve more than 200 million stars in the Andromeda galaxy, detecting only stars brighter than our Sun. They look like grains of sand across the beach. But that's just the tip of the iceberg. Andromeda's total population is estimated to be 1 trillion stars, with many less massive stars falling below Hubble's sensitivity limit.

Photographing Andromeda was a herculean task because the galaxy is a much bigger target on the sky than the galaxies Hubble routinely observes, which are often billions of light-years away. The full mosaic was carried out under two Hubble programs. In total, it required over 1,000 Hubble orbits, spanning more than a decade.

This panorama started with the Panchromatic Hubble Andromeda Treasury (PHAT) program about a decade ago. Images were obtained at near-ultraviolet, visible, and near-infrared wavelengths using the Advanced Camera for Surveys and the Wide Field Camera 3 aboard Hubble to photograph the northern half of Andromeda.




This program was followed up by the Panchromatic Hubble Andromeda Southern Treasury (PHAST), recently published in The Astrophysical Journal and led by Zhuo Chen at the University of Washington, which added images of approximately 100 million stars in the southern half of Andromeda. This region is structurally unique and more sensitive to the galaxy's merger history than the northern disk mapped by the PHAT survey.

The combined programs collectively cover the entire disk of Andromeda, which is seen almost edge-on -- tilted by 77 degrees relative to Earth's view. The galaxy is so large that the mosaic is assembled from approximately 600 separate fields of view. The mosaic image is made up of at least 2.5 billion pixels.

The complementary Hubble survey programs provide information about the age, heavy-element abundance, and stellar masses inside Andromeda. This will allow astronomers to distinguish between competing scenarios where Andromeda merged with one or more galaxies. Hubble's detailed measurements constrain models of Andromeda's merger history and disk evolution.

A Galactic 'Train Wreck'

Though the Milky Way and Andromeda formed presumably around the same time many billions of years ago, observational evidence shows that they have very different evolutionary histories, despite growing up in the same cosmological neighborhood. Andromeda seems to be more highly populated with younger stars and unusual features like coherent streams of stars, say researchers. This implies it has a more active recent star-formation and interaction history than the Milky Way.

"Andromeda's a train wreck. It looks like it has been through some kind of event that caused it to form a lot of stars and then just shut down," said Daniel Weisz at the University of California, Berkeley. "This was probably due to a collision with another galaxy in the neighborhood."

A possible culprit is the compact satellite galaxy Messier 32, which resembles the stripped-down core of a once-spiral galaxy that may have interacted with Andromeda in the past. Computer simulations suggest that when a close encounter with another galaxy uses up all the available interstellar gas, star formation subsides.




"Andromeda looks like a transitional type of galaxy that's between a star-forming spiral and a sort of elliptical galaxy dominated by aging red stars," said Weisz. "We can tell it's got this big central bulge of older stars and a star-forming disk that's not as active as you might expect given the galaxy's mass."

"This detailed look at the resolved stars will help us to piece together the galaxy's past merger and interaction history," added Williams.

Hubble's new findings will support future observations by NASA's James Webb Space Telescope and the upcoming Nancy Grace Roman Space Telescope. Essentially a wide-angle version of Hubble (with the same sized mirror), Roman will capture the equivalent of at least 100 high-resolution Hubble images in a single exposure. These observations will complement and extend Hubble's huge dataset.
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The universe is expanding too fast to fit theories: Hubble tension in crisis | ScienceDaily
The Universe really seems to be expanding fast. Too fast, even.


						
A new measurement confirms what previous -- and highly debated -- results had shown: The Universe is expanding faster than predicted by theoretical models, and faster than can be explained by our current understanding of physics.

This discrepancy between model and data became known as the Hubble tension. Now, results published in the Astrophysical Journal Letters provide even stronger support to the faster rate of expansion.

"The tension now turns into a crisis," said Dan Scolnic, who led the research team.

Determining the expansion rate of the Universe -- known as the Hubble constant -- has been a major scientific pursuit ever since 1929, when Edwin Hubble first discovered that the Universe was expanding.

Scolnic, an associate professor of physics at Duke University, explains it as trying to build the Universe's growth chart: we know what size it had at the Big Bang, but how did it get to the size it is now? In his analogy, the Universe's baby picture represents the distant Universe, the primordial seeds of galaxies. The Universe's current headshot represents the local Universe, which contains the Milky Way and its neighbors. The standard model of cosmology is the growth curve connecting the two. The problem is: things don't connect.

"This is saying, to some respect, that our model of cosmology might be broken," said Scolnic.




Measuring the Universe requires a cosmic ladder, which is a succession of methods used to measure the distances to celestial objects, with each method, or "rung," relying on the previous for calibration.

The ladder used by Scolnic was created by a separate team using data from the Dark Energy Spectroscopic Instrument (DESI), which is observing more than 100,000 galaxies every night from its vantage point at the Kitt Peak National Observatory.

Scolnic recognized that this ladder could be anchored closer to Earth with a more precise distance to the Coma Cluster, one of the galaxy clusters nearest to us.

"The DESI collaboration did the really hard part, their ladder was missing the first rung," said Scolnic. "I knew how to get it, and I knew that that would give us one of the most precise measurements of the Hubble constant we could get, so when their paper came out, I dropped absolutely everything and worked on this non-stop."

To get a precise distance to the Coma cluster, Scolnic and his collaborators, with funding from the Templeton foundation, used the light curves from 12 Type Ia supernovae within the cluster. Just like candles lighting a dark path, Type Ia supernovae have a predictable luminosity that correlates to their distance, making them reliable objects for distance calculations.

The team arrived at a distance of about 320 million light-years, nearly in the center of the range of distances reported across 40 years of previous studies -- a reassuring sign of its accuracy.




"This measurement isn't biased by how we think the Hubble tension story will end," said Scolnic. "This cluster is in our backyard, it has been measured long before anyone knew how important it was going to be."

Using this high-precision measurement as a first rung, the team calibrated the rest of the cosmic distance ladder. They arrived at a value for the Hubble constant of 76.5 kilometers per second per megaparsec, which essentially means that the local Universe is expanding 76.5 kilometers per second faster every 3.26 million light-years.

This value matches existing measurements of the expansion rate of the local Universe. However, like all of those measurements, it conflicts with measurements of the Hubble constant using predictions from the distant Universe. In other words: it matches the Universe's expansion rate as other teams have recently measured it, but not as our current understanding of physics predicts it. The longstanding question is: is the flaw in the measurements or in the models?

Scolnic's team's new results adds tremendous support to the emerging picture that the root of the Hubble tension lies in the models.

"Over the last decade or so, there's been a lot of re-analysis from the community to see if my team's original results were correct," said Scolnic, whose research has consistently challenged the Hubble constant predicted using the standard model of physics. "Ultimately, even though we're swapping out so many of the pieces, we all still get a very similar number. So, for me, this is as good of a confirmation as it's ever gotten."

"We're at a point where we're pressing really hard against the models we've been using for two and a half decades, and we're seeing that things aren't matching up," said Scolnic. "This may be reshaping how we think about the Universe, and it's exciting! There are still surprises left in cosmology, and who knows what discoveries will come next?"

This work was conducted with funding from the Templeton Foundation, the Department of Energy, the David and Lucile Packard Foundation, the Sloan Foundation, the National Science Foundation and NASA.
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Bacteria in polymers form cables that grow into living gels | ScienceDaily
Scientists at Caltech and Princeton University have discovered that bacterial cells growing in a solution of polymers, such as mucus, form long cables that buckle and twist on each other, building a kind of "living Jell-O."


						
The finding could be particularly important to the study and treatment of diseases such as cystic fibrosis, in which the mucus that lines the lungs becomes more concentrated, often causing bacterial infections that take hold in that mucus to become life threatening. This discovery could also have implications in studies of polymer-secreting conglomerations of bacteria known as biofilms -- the slippery goo on river rocks, for example -- and in industrial applications where they can cause equipment malfunctions and health hazards.

The work is described in a paper published on January 17 in the journal Science Advances.

"We've discovered that when many bacteria grow in fluids containing spaghetti-like molecules called polymers, such as mucus in the lungs, they form cable-like structures that intertwine like living gels," says Sujit Datta, a professor of chemical engineering, bioengineering, and biophysics at Caltech and corresponding author of the new paper. "And, interestingly, there are similarities between the physics of how these structures form and the microscopic physics underlying many nonliving gels, like Purell or Jell-O."

Datta recently moved to Caltech from Princeton University. One of his graduate students at Princeton, Sebastian Gonzalez La Corte, is lead author of the paper. He and Datta had been interested in how mucus concentration changes in the lungs and guts of cystic fibrosis patients -- in whom more polymers than usual are present. Working with mucus samples provided by colleagues at MIT, Gonzalez La Corte grew E. coli bacteria (commonly used in laboratory studies) in regular liquid and in cystic fibrosis-like samples and then observed the specimens under a microscope to watch how the bacterial cells grew in each case.

He focused on cells that had lost the ability to swim, as is the case for many bacteria in nature. Under normal circumstances, when such a cell divides into two, the resulting cells separate and diffuse away from each other. However, Gonzalez La Corte found that in a polymeric solution, the copied cells remained stuck to each other, end to end.

"As cells continue to divide and stick to each other, they start to form these beautiful long structures that we call cables," Gonzalez La Corte says. "At some point, they actually bend and fold on each other and form an entangled network."

The team found that the cables continue to elongate and grow as long as the cells have the nutrients they need, eventually creating chains that are thousands of cells long.




Subsequent experiments showed that it does not seem to matter which bacterial species are introduced, nor does the type of organic polymer solution make a difference; once enough polymer surrounds the bacterial cells, the cables grow. The researchers even saw the same result with bacteria in synthetic polymers.

Although the initial motivation for the study was to better understand the growth of infections in patients with cystic fibrosis, the findings are more broadly relevant. Mucus plays an important role in the human body, not only in the lungs but also in the gut and in the cervicovaginal tract. And Datta says the work is also important in the context of biofilms, groupings of bacteria that grow an encapsulating polymer matrix of their own. There are biofilms in the human body, such as dental plaque, but they are also extremely common in soil and in industrial settings, where they can damage equipment and cause health hazards.

"That polymer matrix that they've secreted is what makes biofilms so tough to remove from surfaces and treat with antibiotics," Datta says. "Understanding how cells grow in that matrix could be key to discovering how to better control biofilms."

Understanding the Physics Behind the Cables

Through carefully designed experiments, the team found that the external pressure exerted by the polymers surrounding the dividing cells is what forces the cells together and holds them in place. In physics, such an attractive force that is under the control of an outside pressure is called a depletion interaction. Gonzalez La Corte used the theory of depletion interaction to create a theoretical model of bacterial cable growth. The model can predict when a cable will survive and grow in a polymeric environment.

"Now we can actually use established theories from polymer physics, which were developed for completely different things, in these biological systems to quantitatively predict when these cables will arise," Datta says.




Why Do the Bacteria Form These Cables?

"We discovered this interesting, unusual, very unexpected phenomenon," Datta says. "We can also explain why it happens from a mechanistic, physics perspective. Now the question is: What are the biological implications?"

Interestingly, there are two possibilities: The bacteria could be clumping together to form this network of living gel in an effort to make themselves larger and therefore more difficult for immune cells to engulf and destroy. Alternately, cable formation could actually be harmful to the bacteria. After all, the secretions from the host cause the bacteria to build the cables. "Mucus isn't static; for example, in the lungs, it's being constantly swept up by little hairs on the surface of the lungs and propelled upward," Datta says. "Could it be that when bacteria are all clumped together in these cables, it's actually easier to get rid of them -- to expel them out of the body?"

For now, no one knows which possibility is correct, and Datta says that is what makes this project remain interesting. "Now that we have found this phenomenon, we can frame these new questions and design further experiments to test our suspicions," he says.
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Astrophysicists reveal structure of 74 exocomet belts orbiting nearby stars in landmark survey | ScienceDaily
Astrophysicists led by a team from Trinity College Dublin have -- for the first time -- imaged a large number of exocomet belts around nearby stars, and the tiny pebbles within them. The crystal-clear images show light being emitted from these millimetre-sized pebbles within the belts that orbit 74 nearby stars of a wide variety of ages -- from those that are just emerging from birth to those in more mature systems like our own Solar System.


						
The REASONS (REsolved ALMA and SMA Observations of Nearby Stars) study marks such a significant milestone in the study of exocometary belts because its images and analyses reveal where the pebbles, and hence the exocomets, are located. They are typically tens to hundreds of au (the distance from Earth to the Sun) from their central star.

In these regions, it is so cold (-250 to -150 degrees Celsius) that most compounds including water are frozen as ice on these exocomets. What the astrophysicists are therefore observing is where the ice reservoirs of planetary systems are located. REASONS is the first program to unveil the structure of these belts for a large sample of 74 exoplanetary systems.

The Atacama Large Millimeter/submillimeter Array (ALMA) is an array of 66 radio telescopes in the Atacama Desert of northern Chile, while the Submillimeter Array (SMA) is a similar eight-element array in Hawaii. Both observe electromagnetic radiation at millimetre and submillimetre wavelengths. This study used both to produce the images that have provided more information on populations of exocomets than ever before.

"Exocomets are boulders of rock and ice, at least 1 km in size, which smash together within these belts to produce the pebbles that we observe here with the ALMA and SMA arrays of telescopes. Exocometary belts are found in at least 20% of planetary systems, including our own Solar System," said Luca Matra, Associate Professor in Trinity's School of Physics, and senior author of the research article that has just been published in thel journal Astronomy and Astrophysics.

Dr Sebastian Marino, Royal Society University Research Fellow at the University of Exeter, and coauthor in this study, added: "The images reveal a remarkable diversity in the structure of belts. Some are narrow rings, as in the canonical picture of a 'belt' like our Solar System's Edgeworth-Kuiper belt. But a larger number of them are wide, and probably better described as 'disks' rather than rings."

Some systems have multiple rings/disks, some of which are eccentric, which provides evidence that yet undetectable planets are present and their gravity affects the distribution of pebbles in these systems.




"The power of a large study like REASONS is in revealing population-wide properties and trends," explained Prof. Matra.

"For example, it confirmed that the number of pebbles decreases for older planetary systems as belts run out of larger exocomets smashing together, but showed for the first time that this decrease in pebbles is faster if the belt is closer to the central star. It also indirectly showed -- through the belts' vertical thickness -- that unobservable objects as large as 140 km to Moon-size are likely present in these belts.

Dr David Wilner, Senior Astrophysicist at the Center for Astrophysics | Harvard & Smithsonian, underlined:"Arrays like the ALMA and SMA used in this work are extraordinary tools that are continuing to give us incredible new insights into the universe and its workings. The REASONS survey required a large community effort and has an incredible legacy value, with multiple potential pathways for future investigation.

"For example, the REASONS dataset of belt and planetary system properties will enable studies of the birth and evolution of these belts, as well as follow-up observations across the wavelength range, from JWST to the next generation of Extremely Large Telescopes and ALMA's upcoming ARKS Large Program to zoom even further onto the details of these belts."
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Fine-tuned brain-computer interface makes prosthetic limbs feel more real | ScienceDaily
You can probably complete an amazing number of tasks with your hands without looking at them. But if you put on gloves that muffle your sense of touch, many of those simple tasks become frustrating. Take away proprioception -- your ability to sense your body's relative position and movement -- and you might even end up breaking an object or injuring yourself.


						
"Most people don't realize how often they rely on touch instead of vision -- typing, walking, picking up a flimsy cup of water," said Charles Greenspon, PhD, a neuroscientist at the University of Chicago. "If you can't feel, you have to constantly watch your hand while doing anything, and you still risk spilling, crushing or dropping objects."

Greenspon and his research collaborators recently published papers in Nature Biomedical Engineering and Science documenting major progress on a technology designed to address precisely this problem: direct, carefully timed electrical stimulation of the brain that can recreate tactile feedback to give nuanced "feeling" to prosthetic hands.

The science of restoring sensation

These new studies build on years of collaboration among scientists and engineers at UChicago, the University of Pittsburgh, Northwestern University, Case Western Reserve University and Blackrock Neurotech. Together they are designing, building, implementing and refining brain-computer interfaces (BCIs) and robotic prosthetic arms aimed at restoring both motor control and sensation in people who have lost significant limb function.

On the UChicago side, the research was led by neuroscientist Sliman Bensmaia, PhD, until his unexpected passing in 2023.

The researchers' approach to prosthetic sensation involves placing tiny electrode arrays in the parts of the brain responsible for moving and feeling the hand. On one side, a participant can move a robotic arm by simply thinking about movement, and on the other side, sensors on that robotic limb can trigger pulses of electrical activity called intracortical microstimulation (ICMS) in the part of the brain dedicated to touch.




For about a decade, Greenspon explained, this stimulation of the touch center could only provide a simple sense of contact in different places on the hand.

"We could evoke the feeling that you were touching something, but it was mostly just an on/off signal, and often it was pretty weak and difficult to tell where on the hand contact occurred," he said.

The newly published results mark important milestones in moving past these limitations.

Advancing understanding of artificial touch

In the first study, published in Nature Biomedical Engineering, Greenspon and his colleagues focused on ensuring that electrically evoked touch sensations are stable, accurately localized and strong enough to be useful for everyday tasks.

By delivering short pulses to individual electrodes in participants' touch centers and having them report where and how strongly they felt each sensation, the researchers created detailed "maps" of brain areas that corresponded to specific parts of the hand. The testing revealed that when two closely spaced electrodes are stimulated together, participants feel a stronger, clearer touch, which can improve their ability to locate and gauge pressure on the correct part of the hand.




The researchers also conducted exhaustive tests to confirm that the same electrode consistently creates a sensation corresponding to a specific location.

"If I stimulate an electrode on day one and a participant feels it on their thumb, we can test that same electrode on day 100, day 1,000, even many years later, and they still feel it in roughly the same spot," said Greenspon, who was the lead author on this paper.

From a practical standpoint, any clinical device would need to be stable enough for a patient to rely on it in everyday life. An electrode that continually shifts its "touch location" or produces inconsistent sensations would be frustrating and require frequent recalibration. By contrast, the long-term consistency this study revealed could allow prosthetic users to develop confidence in their motor control and sense of touch, much as they would in their natural limbs.

Adding feelings of movement and shapes

The complementary Science paper went a step further to make artificial touch even more immersive and intuitive. The project was led by first author Giacomo Valle, PhD, a former postdoctoral fellow at UChicago who is now continuing his bionics research at Chalmers University of Technology in Sweden.

"Two electrodes next to each other in the brain don't create sensations that 'tile' the hand in neat little patches with one-to-one correspondence; instead, the sensory locations overlap," explained Greenspon, who shared senior authorship of this paper with Bensmaia.

The researchers decided to test whether they could use this overlapping nature to create sensations that could let users feel the boundaries of an object or the motion of something sliding along their skin. After identifying pairs or clusters of electrodes whose "touch zones" overlapped, the scientists activated them in carefully orchestrated patterns to generate sensations that progressed across the sensory map.

Participants described feeling a gentle gliding touch passing smoothly over their fingers, despite the stimulus being delivered in small, discrete steps. The scientists attribute this result to the brain's remarkable ability to stitch together sensory inputs and interpret them as coherent, moving experiences by "filling in" gaps in perception.

The approach of sequentially activating electrodes also significantly improved participants' ability to distinguish complex tactile shapes and respond to changes in the objects they touched. They could sometimes identify letters of the alphabet electrically "traced" on their fingertips, and they could use a bionic arm to steady a steering wheel when it began to slip through the hand.

These advancements help move bionic feedback closer to the precise, complex, adaptive abilities of natural touch, paving the way for prosthetics that enable confident handling of everyday objects and responses to shifting stimuli.

The future of neuroprosthetics

The researchers hope that as electrode designs and surgical methods continue to improve, the coverage across the hand will become even finer, enabling more lifelike feedback.

"We hope to integrate the results of these two studies into our robotics systems, where we have already shown that even simple stimulation strategies can improve people's abilities to control robotic arms with their brains," said co-author Robert Gaunt, PhD, associate professor of physical medicine and rehabilitation and lead of the stimulation work at the University of Pittsburgh.

Greenspon emphasized that the motivation behind this work is to enhance independence and quality of life for people living with limb loss or paralysis.

"We all care about the people in our lives who get injured and lose the use of a limb -- this research is for them," he said. "This is how we restore touch to people. It's the forefront of restorative neurotechnology, and we're working to expand the approach to other regions of the brain."

The approach also holds promise for people with other types of sensory loss. In fact, the group has also collaborated with surgeons and obstetricians at UChicago on the Bionic Breast Project, which aims to produce an implantable device that can restore the sense of touch after mastectomy.

Although many challenges remain, these latest studies offer evidence that the path to restoring touch is becoming clearer. With each new set of findings, researchers come closer to a future in which a prosthetic body part is not just a functional tool, but a way to experience the world.
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New chainmail-like material could be the future of armor | ScienceDaily
In a remarkable feat of chemistry, a Northwestern University-led research team has developed the first two-dimensional (2D) mechanically interlocked material.


						
Resembling the interlocking links in chainmail, the nanoscale material exhibits exceptional flexibility and strength. With further work, it holds promise for use in high-performance, light-weight body armor and other uses that demand lightweight, flexible and tough materials.

Publishing on Friday (Jan. 17) in the journal Science, the study marks several firsts for the field. Not only is it the first 2D mechanically interlocked polymer, but the novel material also contains 100 trillion mechanical bonds per 1 square centimeter -- the highest density of mechanical bonds ever achieved. The researchers produced this material using a new, highly efficient and scalable polymerization process.

"We made a completely new polymer structure," said Northwestern's William Dichtel, the study's corresponding author. "It's similar to chainmail in that it cannot easily rip because each of the mechanical bonds has a bit of freedom to slide around. If you pull it, it can dissipate the applied force in multiple directions. And if you want to rip it apart, you would have to break it in many, many different places. We are continuing to explore its properties and will probably be studying it for years."

Dichtel is the Robert L. Letsinger Professor of Chemistry at the Weinberg College of Arts and Sciences and a member of the International Institute of Nanotechnology (IIN) and the Paula M. Trienens Institute for Sustainability and Energy. Madison Bardot, a Ph.D. candidate in Dichtel's laboratory and IIN Ryan Fellow, is the study's first author.

Inventing a new process

For years, researchers have attempted to develop mechanically interlocked molecules with polymers but found it near impossible to coax polymers to form mechanical bonds.




To overcome this challenge, Dichtel's team took a whole new approach. They started with X-shaped monomers -- which are the building blocks of polymers -- and arranged them into a specific, highly ordered crystalline structure. Then, they reacted these crystals with another molecule to create bonds between the molecules within the crystal.

"I give a lot of credit to Madison because she came up with this concept for forming the mechanically interlocked polymer," Dichtel said. "It was a high-risk, high-reward idea where we had to question our assumptions about what types of reactions are possible in molecular crystals."

The resulting crystals comprise layers and layers of 2D interlocked polymer sheets. Within the polymer sheets, the ends of the X-shaped monomers are bonded to the ends of other X-shaped monomers. Then, more monomers are threaded through the gaps in between. Despite its rigid structure, the polymer is surprisingly flexible. Dichtel's team also found that dissolving the polymer in solution caused the layers of interlocked monomers to peel off each other.

"After the polymer is formed, there's not a whole lot holding the structure together," Dichtel said. "So, when we put it in solvent, the crystal dissolves, but each 2D layer holds together. We can manipulate those individual sheets."

To examine the structure at the nanoscale, collaborators at Cornell University, led by Professor David Muller, used cutting-edge electron microscopy techniques. The images revealed the polymer's high degree of crystallinity, confirmed its interlocked structure and indicated its high flexibility.

Dichtel's team also found the new material can be produced in large quantities. Previous polymers containing mechanical bonds typically have been prepared in very small quantities using methods that are unlikely to be scalable. Dichtel's team, on the other hand, made half a kilogram of their new material and assume even larger amounts are possible as their most promising applications emerge.




Adding strength to tough polymers

Inspired by the material's inherent strength, Dichtel's collaborators at Duke University, led by Professor Matthew Becker, added it to Ultem. In the same family as Kevlar, Ultem is an incredibly strong material that can withstand extreme temperatures as well as acidic and caustic chemicals. The researchers developed a composite material of 97.5% Ultem fiber and just 2.5% of the 2D polymer. That small percentage dramatically increased Ultem's overall strength and toughness.

Dichtel envisions his group's new polymer might have a future as a specialty material for light-weight body armor and ballistic fabrics.

"We have a lot more analysis to do, but we can tell that it improves the strength of these composite materials," Dichtel said. "Almost every property we have measured has been exceptional in some way."

Steeped in Northwestern history

The authors dedicated the paper to the memory of former Northwestern chemist Sir Fraser Stoddart, who introduced the concept of mechanical bonds in the 1980s. Ultimately, he elaborated these bonds into molecular machines that switch, rotate, contract and expand in controllable ways. Stoddart, who passed away last month, received the 2016 Nobel Prize in Chemistry for this work.

"Molecules don't just thread themselves through each other on their own, so Fraser developed ingenious ways to template interlocked structures," said Dichtel, who was a postdoctoral researcher in Stoddart's lab at UCLA. "But even these methods have stopped short of being practical enough to use in big molecules like polymers. In our present work, the molecules are held firmly in place in a crystal, which templates the formation of a mechanical bond around each one.

"So, these mechanical bonds have deep tradition at Northwestern, and we are excited to explore their possibilities in ways that have not yet been possible."

The study, "Mechanically interlocked two-dimensional polymers," was primarily supported by the Defense Advanced Research Projects Agency (contract number HR00112320041) and Northwestern's IIN (Ryan Fellows Program).
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Polymer research shows potential replacement for common superglues with a reusable and biodegradable alternative | ScienceDaily
Researchers at Colorado State University and their partners have developed an adhesive polymer that is stronger than current commercially available options while also being biodegradable and reusable. The findings -- described in Science - show how the common, naturally occurring polymer P3HB can be chemically re-engineered for use as a strong yet sustainable bonding agent.


						
Adhesives are commonly used in automotives, packaging, electronics, solar cells and construction, among many other areas. Together they make up a roughly $50 billion industry that supports much of our modern life but also contributes to the mounting issue of plastic waste. The paper describes the team's work using experimental, simulation and process modeling to develop a replacement polymer.

The project was led by University Distinguished Professor Eugene Chen in the Department of Chemistry. Other partners on the paper include Gregg Beckham at the National Renewable Energy Laboratory and Professor Ting Xu at the University of California, Berkley and researchers from their groups.

Chen said that poly(3-hydroxybutyrate), or P3HB, is a natural, biobased and biodegradable polymer that can be produced by microbes under the right biological conditions. While the polymer is not adhesive when made that way, his lab was able to chemically re-engineer its structure to now deliver stronger adhesion than the common petroleum-derived, nonbiodegradable options when used on various substrates or surfaces such as aluminum, glass and wood. The adhesion strength of the re-engineered P3HB can also be tuned to accommodate different application needs.

The findings are part of a larger goal by Chen's group to improve and expand our ability to tackle the global plastics pollution crisis. His team is involved in many efforts to develop chemically recyclable, biodegradable and, overall, more sustainable alternatives to today's plastic materials. He said that while many people inherently recognize the life cycle issues that come with a disposable water bottle, adhesives present more daunting issues with fewer potential solutions.

"Petroleum-based thermoset adhesives such as Gorilla Glue and J-B Weld, along with thermoplastic hot melts, can be very difficult or even impossible to recycle or recover -- primarily because of their strong bonds to other materials," he said. "Our approach instead offers a biodegradable material that can be used in a variety of industries with tunable or even higher strength compared to those options."

Ethan Quinn is a Ph.D. student at CSU and served as a co-lead author on the paper with postdoctoral researcher Zhen Zhang. Quinn said he and Zhang led work around the creation and testing of the material.




"We developed a sample P3HB glue stick and were able to use it with a commercially available glue gun to test its application in sealing cardboard boxes and other properties on steel plates," Quinn said. "I knew the data supported it being stronger than other options, but I was shocked that we were able to show that it far out-performs typical hot-melt options -- holding up to 20 pounds in place compared to the 15 pounds an existing adhesive could not manage."

Chen said P3HB is biodegradable under a variety of instances, including managed and unmanaged environments. That means it will biodegrade naturally in landfills just as well as salty ocean water or soils, for example. That expands the range of possible options for dealing with the material at the end of its life cycle. The P3HB adhesive can also be recovered, reprocessed and reused.

The CSU team will now start work on ways to commercialize the polymer for broad use.

"We are working on two different approaches aiming for mass production, including ways to lower the overall cost and environmental impacts," Chen said. "The analysis performed by the NREL team has identified key areas where we could make improvements, and we will continue to work with the BOTTLE Consortium on those scaling efforts."
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This tiny galaxy is answering some big questions | ScienceDaily
Leo P, a small galaxy and a distant neighbor of the Milky Way, is lighting the way for astronomers to better understand star formation and how a galaxy grows.


						
In a study published in the Astrophysical Journal, a team of researchers led by Kristen McQuinn, a scientist at the Space Telescope Science Institute and an associate professor in the Department of Physics and Astronomy at the Rutgers University-New Brunswick School of Arts and Sciences, has reported finding that Leo P "reignited," reactivating during a significant period on the timeline of the universe, producing stars when many other small galaxies didn't.

By studying galaxies early in their formation and in different environments, astronomers said they may gain a deeper understanding of the universe's origins and the fundamental processes that shape it.

McQuinn and other members of the research team studied Leo P through NASA's James Webb Space Telescope, a space-based apparatus that features a large, segmented mirror and an expansive sunshield, both of which enable it to capture detailed images of distant celestial objects.

Leo P, a dwarf galaxy some 5.3 million light years from Earth, was discovered by McQuinn and other scientists in 2013. The celestial structure is far enough away from the Local Group, a clump of galaxies straddling the Milky Way, to be its neighbor without being affected by the gravitational fields of larger star systems.

The galaxy, located in the constellation Leo, is about the same size as a star cluster within the Milky Way and is about the same age as the Milky Way. The "P" in Leo P refers to "pristine," because the galaxy has so few chemical elements beside hydrogen and helium.

"Leo P provides a unique laboratory to explore the early evolution of a low-mass galaxy in detail," said McQuinn, who also is the mission head for the Science Operations Center for the Nancy Grace Roman Space Telescope at the Space Telescope Science Institute in Baltimore.




The team started by looking deeply into the past. Since the stars detected by the team with the telescope are about 13 billion years old, they can serve as "fossil records" of star formation that occurred at earlier times. "Essentially, instead of studying the stars in-situ [in their original positions] as they are forming in the early universe, we study the stars that have survived over cosmic history and use their present-day properties to infer what was occurring at earlier times," McQuinn said.

The team found that Leo P formed stars early on but then stopped making them for a few billion years. This stoppage happened during a period known as the Epoch of Reionization. It took a few billion years after the epoch for the galaxy to reignite and start forming new stars.

"We have a measurement like this for only three other galaxies -- all isolated from the Milky Way -- and they all show a similar pattern," McQuinn said.

Observations of the dwarf galaxies within the Local Group, however, show that, in contrast, star production disappeared during this period.

The Epoch, regarded by astronomers as a significant period in the history of the universe, occurred between about 150 million and one billion years after the Big Bang. It was during this period that the first stars and galaxies formed.

The contrast between the star production of the dwarf galaxies provides compelling evidence that it isn't just the mass of a galaxy at the time of reionization that determines whether it will be quenched, McQuinn said. Its environment -- meaning whether it is isolated or functioning as a satellite of a larger system -- is an important factor.




McQuinn said the observations will help pin down not only when little galaxies formed their stars, but how the reionization of the universe may have impacted how small structures form.

"If the trend holds, it provides insights on the growth of low-mass structures that is not only a fundamental constraint for structure formation but a benchmark for cosmological simulations," she said.

The researchers also found that Leo P is metal-poor, possessing 3% of the sun's metallicity. This means that the stars of the dwarf galaxy contain 30 times fewer heavy elements than the sun, which makes Leo P similar to the primordial galaxies of the early universe.

Knowledge gleaned from these observations will help astronomers piece together the timeline of cosmic events, understand how small structures evolved over billions of years and learn about the processes that led to the creation of stars, McQuinn said.

Other scientists from Rutgers on the study included Alyson Brooks, an associate professor; Roger Cohen, a postdoctoral associate; and Max Newman, a doctoral student, all with the Department of Physics and Astronomy.
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Large and small galaxies may grow in ways more similar than expected | ScienceDaily
A team of astronomers led by University of Arizona researcher Catherine Fielder has obtained the most detailed images of a small galaxy and its surroundings, revealing features typically associated with much larger galaxies. The observations provide a rare, elusive glimpse into how small galaxies form and evolve, suggesting that the mechanisms fueling galaxy growth may be more universal than previously thought.


						
Fielder presented the findings at the 245th meeting of the American Astronomical Society in National Harbor, Maryland, during a press briefing on Jan. 16.

Galaxies, including the Milky Way, grow and evolve by merging with smaller galaxies over billions of years in a process called hierarchical assembly. This cosmic "building block" approach has been well observed in large galaxies, where streams of ancient stars -- remnants of swallowed-up galaxies -- trace their turbulent history. These streams, along with other faint features such as old, scattered stars, form a so-called stellar halo: a sprawling, low-density cloud of stars that surrounds the bright central disk of a galaxy and traces its evolutionary history.

According to traditional wisdom, smaller galaxies such as the nearby Large Magellanic Cloud may have fewer opportunities to attract mass and merge with smaller systems, including other dwarf galaxies, because of their weaker gravitational pull. Understanding how such galaxies acquire mass and grow in the context of hierarchical assembly remains an open question.

The researchers used the Dark Energy Camera, or DECam, on the 4-meter Blanco Telescope in Chile's Cerro Tololo Inter-American Observatory to conduct a deep imaging survey of 11 dwarf galaxies, including the spiral galaxy NGC 300, which is similar in mass to the Large Magellanic Cloud. The observations were made as part of the DECam Local Volume Survey, or DELVE, and revealed unprecedented details of NGC 300's features. Spanning about 94,000 light-years, NGC 300's galactic disk is a little smaller than the Milky Way and packs only about 2% of its stellar mass.

"NGC 300 is an ideal candidate for such a study because of its isolated location," said Fielder, a research associate at the U of A Steward Observatory. "This keeps it free from the influential effects of a massive companion like the Milky Way, which affects nearby small galaxies like the Large Magellanic Cloud. It's almost a bit like looking at a cosmic 'fossil record.'"

Fielder and her collaborators created stellar maps around the small galaxy and discovered a vast stellar stream extending more than 100,000 light-years from the galaxy's center.




"We consider a stellar stream a telltale sign that a galaxy has accreted mass from its surroundings, because these structures don't form as easily by internal processes," said Fielder, whose findings will be published in The Astrophysical Journal.

In addition, the researchers found traces of stars arranged in shell-like patterns reminiscent of concentric waves emanating from the center of the galaxy, as well as hints of a stream wrap -- evidence that whatever caused the stream may have changed direction in its orbit around NGC 300.

"We weren't sure we were going to find anything in any of these small galaxies," she said. "These features around NGC 300 provide us with 'smoking gun' evidence that it did accrete something."

The team also identified a previously unknown, metal-poor globular star cluster in the galaxy's halo, another "smoking gun" of past accretion events.

When gauging the age of stellar populations, astronomers frequently turn to a feature known as "metallicity" -- a term referring to the chemical elements present inside stars. Because heavier elements are forged mostly in more massive stars at or near the end of their lifespans, it takes several generations of star formation to enrich those elements. Therefore, stellar populations lacking heavier elements -- or having low metallicity -- are presumed to be older, Fielder explained.

"The stars in the features we observed around NGC 300 are ancient and metal-poor, telling a clear story," Fielder said. "These structures likely originated from a tiny galaxy that was pulled apart and absorbed into NGC 300."

Together, these findings clearly reveal that even dwarf galaxies can build stellar halos through the accretion of smaller galaxies, echoing the growth patterns seen in larger galaxies, Fielder said.

"NGC 300 now stands as one of the most striking examples of accretion-driven stellar halo assembly in a dwarf galaxy of its kind, shedding light on how galaxies grow and evolve across the universe."
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NASA's Pandora mission one step closer to probing alien atmospheres | ScienceDaily
Pandora, NASA's newest exoplanet mission, is one step closer to launch with the completion of the spacecraft bus, which provides the structure, power and other systems that will allow the mission to carry out its work. Pandora's exoplanet science working group is led by the University of Arizona, and Pandora will be the first mission to have its operations center at the U of A Space Institute.


						
The completion of the bus was announced during a press briefing at the 245th Meeting of the American Astronomical Society in National Harbor, Maryland, on Jan. 16.

"This is a huge milestone for us and keeps us on track for a launch in the fall," said Elisa Quintana, Pandora's principal investigator at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "The bus holds our instruments and handles navigation, data acquisition and communication with Earth -- it's the brains of the spacecraft."

Pandora is a small satellite poised to provide in-depth study of at least 20 known planets orbiting distant stars to determine the composition of their atmospheres -- especially the presence of hazes, clouds and water. The data will establish a firm foundation for interpreting measurements by NASA's James Webb Space Telescope and future missions aimed at searching for habitable worlds.

"Although smaller and less sensitive than Webb, Pandora will be able to stare longer at the host stars of extrasolar planets, allowing for deeper study," said Pandora co-investigator Daniel Apai, professor of astronomy and planetary sciences at the U of A Steward Observatory and Lunar and Planetary Laboratory who leads the mission's Exoplanets Science Working Group. "Better understanding of the stars will help Pandora and its 'big brother,' the James Webb Space Telescope, disentangle signals from stars and their planets."

Astronomers can sample an exoplanet's atmosphere when it passes in front of its star as seen from Earth's perspective, during an event known as a transit. Part of the star's light skims the planet's atmosphere before making its way to the observer. This interaction allows the light to interact with atmospheric substances, and their chemical fingerprints -- dips in brightness at characteristic wavelengths -- become imprinted in the light.

The concept of Pandora was born out of necessity to overcome a snag in observing starlight passing through the atmospheres of exoplanets, Apai said.




"In 2018, a doctoral student in my group, Benjamin Rackham -- now an MIT research scientist -- described an astrophysical effect by which light coming directly from the star muddies the signal of the light passing through the exoplanet's atmosphere," Apai explained. "We predicted that this effect would limit Webb's ability to study habitable planets."

Telescopes see light from the entire star, not just the small amount grazing the planet. Stellar surfaces aren't uniform. They sport hotter, unusually bright regions called faculae and cooler, darker regions similar to the spots on our sun, both of which grow, shrink and change position as the star rotates. As a result, these "mixed signals" in the observed light can make it difficult to distinguish between light that has passed through an exoplanet's atmosphere and light that varies based on a star's changing appearance. For example, variations in light from the host star can mask or mimic the signal of water, a likely key ingredient researchers look for when evaluating an exoplanet's potential for harboring life.

Using a novel all-aluminum, 45-centimeter-wide telescope, jointly developed by Lawrence Livermore National Laboratory and Corning Specialty Materials in Keene, New Hampshire, Pandora's detectors will capture each star's visible brightness and near-infrared spectrum at the same time, while also obtaining the transiting planet's near-infrared spectrum. This combined data will enable the science team to determine the properties of stellar surfaces and cleanly separate star and planetary signals.

The observing strategy takes advantage of the mission's ability to continuously observe its targets for extended periods, something flagship observatories like Webb, which offer limited observing time due to high demand, cannot regularly do.

Over the course of its yearlong mission, Pandora will observe at least 20 exoplanets 10 times, with each stare lasting a total of 24 hours. Each observation will include a transit, which is when the mission will capture the planet's spectrum.

Karl Harshman, who leads the Mission Operations Team at the U of A Space Institute that will support the spacecraft's operation once it launches later this year, said: "We have a very excited team that has been working hard to have our Mission Operations Center running at full speed at the time of launch and look forward to receiving science data. Just this week, we performed a communications test with our antenna system that will transmit commands to Pandora and receive the telemetry from the spacecraft."

Pandora is led by NASA's Goddard Space Flight Center. Lawrence Livermore National Laboratory provides the mission's project management and engineering. Pandora's telescope was manufactured by Corning and developed collaboratively with Livermore, which also developed the imaging detector assemblies, the mission's control electronics, and all supporting thermal and mechanical subsystems. The infrared sensor was provided by NASA Goddard. Blue Canyon Technologies provided the bus and is performing spacecraft assembly, integration and environmental testing. NASA's Ames Research Center in California's Silicon Valley will perform the mission's data processing. Pandora's mission operations center is located at the University of Arizona, and a host of additional universities support the science team.
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Volcanic eruption caused Neolithic people to sacrifice unique 'sun stones' | ScienceDaily
4,900 years ago, a Neolithic people on the Danish island Bornholm sacrificed hundreds of stones engraved with sun and field motifs. Archaeologists and climate scientists from the University of Copenhagen can now show that these ritual sacrifices coincided with a large volcanic eruption that made the sun disappear throughout Northern Europe.


						
Throughout history, volcanic eruptions have had serious consequences for human societies such as cold weather, lack of sun, and low crop yields. In the year 43 BC when a volcano in Alaska spewed large quantities of sulphur into the stratosphere, harvests failed the following years in the countries around the Mediterranean, causing famine and disease. This is well-documented in written sources from ancient Greece and Rome.

We do not have written sources from the Neolithic. But climate scientists from the Niels Bohr Institute at the University of Copenhagen have analysed ice cores from the Greenland ice sheet and can now document that around 2,900 BC a similar volcanic eruption took place. An eruption that must have had equally devastating consequences for the Neolithic peoples who lived in Northern Europe at the time and who were deeply dependent on agriculture.

This new insight into a climate episode in the Neolithic period has led archaeologists from the University of Copenhagen, the National Museum of Denmark and the Museum of Bornholm to view their findings of so-called "sun stones" from the Neolithic Vasagard site on Bornholm in a new light, and they have just published a scientific article on the phenomenon in the journal Antiquity:

"We have known for a long time that the sun was the focal point for the early agricultural cultures we know of in Northern Europe. They farmed the land and depended on the sun to bring home the harvest. If the sun almost disappeared due to mist in the stratosphere for longer periods of time, it would have been extremely frightening for them," says archaeologist Rune Iversen from the University of Copenhagen, who has participated in the excavations at the site led by the Museum of Bornholm and the National Museum. He adds:

"One type of find that is completely unique to Bornholm is the so-called sun stones, which are flat shale pieces with engraved patterns and sun motifs. They symbolized fertility and were probably sacrificed to ensure sun and growth. Sun stones were found in large quantities at the Vasagard West site, where residents deposited them in ditches forming part of a causewayed enclosure together with the remains of ritual feasts in the form of animal bones, broken clay vessels, and flint objects around 2,900 BC. The ditches were subsequently closed."

Rune Iversen and his colleagues believe that there is a very high probability that there is a connection between the volcanic eruption, the subsequent climate changes and the discovery of the ritual sun stone sacrifices.




"It is reasonable to believe that the Neolithic people on Bornholm wanted to protect themselves from further deterioration of the climate by sacrificing sun stones -- or perhaps they wanted to show their gratitude that the sun had returned again."

Major cultural changes

As if an acute climate deterioration around 2,900 BC was not enough, Northern European Neolithic cultures were also affected by other disasters; New DNA studies of human bones have shown that the plague was very widespread and fatal.

During the same period when the Neolithic people were affected by both climate change and disease, archaeologists can also document a shift in the traditions they had held on to for a long time. The so-called Funnel Beaker Culture, which had been dominant until about 5,000 years ago with its characteristic ceramics and passage graves, was gradually disappearing.

"At the causewayed enclosure we have excavated on Bornholm, we can also see that, after the sacrifice of the sun stones, the residents changed the structure of the site so that instead of sacrificial ditches it was provided with extensive rows of palisades and circular cult houses. We do not know why, but it is reasonable to believe that the dramatic climatic changes they had been exposed to would have played a role in some way, Rune Iversen concludes.

Sun stones to be exhibited in Copenhagen

Four of the sun stones from Vasagard on Bornholm can be experienced from 28 January in the prehistoric exhibition at The National Museum of Denmark in Copenhagen. They probably exemplify one of the earliest depositional practices connected to a Neolithic sun-cult in South Scandinavia, which are also known from the Nordic Bronze Age with objects like the sun chariot.




"The sunstones are completely unique, also in a European context. The closest we get to a similar sun-cult in the Neolithic is some passage graves in southern Scandinavia or henge structures like Stonehenge in England, which some researchers associate with the sun. With the sun stones, there is in my mind no doubt. It is quite simply an incredible discovery, which demonstrates that depositions honouring the sun is an ancient phenomenon, which we encounter again in South Scandinavia during the climate disaster caused by a volcanic eruption in the year 536 AD, where several large gold hoards were deposited as sacrifices," says Lasse Vilien Sorensen, who is senior researcher at The National Museum of Denmark and co-author of the research paper.

Volcanic eruption 2,900 BC

The researchers can document reduced radiation from the sun and consequent cooling, which can be traced in both the United States and Europe around 2,900 BC.

Dendrochronological analyses of fossil wood show signs of frost in the spring and summer months both before and after 2,900 BC.

And ice cores from the Greenland ice cap and the Antarctica contain sulphur, which is a sign of the occurrence of a strong volcanic eruption.
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Asteroid impact sulfur release less lethal in dinosaur extinction | ScienceDaily
Previous studies have posited that the mass extinction that wiped the dinosaurs off the face of the Earth was caused by the release of large volumes of sulfur from rocks within the Chicxulub impact crater 66 million years ago. A new study by an international team led by Katerina Rodiouchkina (Lulea University of Technology Sweden, UGent and VUB in Belgium) questions this scenario. Using groundbreaking empirical measurements of sulfur within the related Cretaceous-Paleogene (K-Pg) boundary layer, the international team has demonstrated that the role of sulfur during the extinction has been overestimated.


						
Approximately 66 million years ago, the Chicxulub asteroid, estimated to be 10-15 kilometer in diameter, struck the Yucatan Peninsula (in current-day Mexico), creating a 200-kilometer-wide impact crater. This impact triggered a chain reaction of destructive events including a rapid climate change that eventually led to the extinction of the non-avian dinosaurs and in total about 75% of species on Earth. The main culprit is most likely the "impact winter," which was caused by massive release of dust, soot, and sulfur into the atmosphere, leading to extreme cold, darkness, and a collapse in global photosynthesis, with lasting effects on ecosystems for years to decades after impact.

Most previous studies considered sulfur as the most crucial factor in driving the cooling and extinction after the impact event. However, estimates of the volume of sulfate aerosols released from the vaporization of the impacted rocks in Mexico have varied widely over two orders of magnitude from one study to another. This is because such estimates are largely based on uncertain parameters, such as the proportion of sulfur-bearing rocks at the impact location, the size, velocity, and impact angle of the asteroid, and the resulting shock pressures of sulfur-bearing minerals.

In the new study, Katarina Rodiouchkina and colleagues used sulfur concentrations and isotopic compositions from new drill cores of impact rocks within the crater region, combined with detailed chemical profiles across K-Pg boundary sediments around the world. This way, the authors were able to empirically estimate, for the first time, the total amount of sulfur released into the atmosphere due to the Chicxulub asteroid impact event.

"Instead of focusing on the impact event itself, we focused on the aftermath of the impact ," explains chemist Katerina Rodiouchkina. "We first analyzed the sulfur fingerprint of the rocks within the crater region that were the source of sulfate aerosols released into the atmosphere. These sulfate aerosols distributed globally and were eventually deposited from the atmosphere back onto the Earth's surface in the months to years after impact. The sulfur was deposited around the K-Pg boundary layer in sedimentary profiles all over the world. We used the corresponding change in the isotopic composition of sulfur to distinguish impact-related sulfur from natural sources and the total amount of sulfur released was calculated through mass balance."

The scientists revealed that a total of 67 +- 39 billion tons of sulfur were released, approximately five times less than previously estimated in numerical models. This suggests a milder "impact winter" than previously believed, leading to a less severe temperature decline and faster climate recovery, which could have contributed to the survival of at least 25% of species on Earth following the event. While sulfur remains the primary driver of global cooling, it is important to note that a recent study by the Royal Observatory of Belgium and VUB suggests a massive plume of micrometer-sized fine dust may have played a crucial role in creating a two-year-long dark period, blocking photosynthesis and further compounding the environmental impacts.

The study was a collaboration between Lulea University of Technology, Ghent university (UGent), Vrije Universiteit Brussel (VUB), Royal Observatory of Belgium (ROB), Universite Libre de Bruxelles (ULB), Leibniz-Institute for Baltic Sea Research Warnemunde (IOW), University of Greifswald, University of Rostock, Australian Laboratory Services (ALS) Scandinavia AB, Katholieke Universiteit Leuven (KU Leuven), and the Royal Belgian Institute of Natural Sciences (RBINS). This research was supported by the Research Foundation Flanders (FWO) through the EOS-Excellence of Science program (project ET-HoME) and Hercules funding for the acquisition of a multi-collector ICP-mass spectrometer at UGent, VUB Strategic Research Program, Chicxulub BRAIN-be (Belgian Research Action through Interdisciplinary Networks) and the FED-tWIN project MicroPAST both through the Belgian Science Policy Office (BELSPO).
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Pioneering research exposes huge loss of glaciers in one of the fastest-warming places on Earth | ScienceDaily
A new study has revealed the alarming extent glaciers have shrunk over the past 40 years in a global warming hotspot for the first time -- and the biggest retreat has occurred in recent years.


						
The research, led by the University of Bristol and published in Nature Communications, shows the vast majority (91%) of glaciers across Svalbard in the Arctic have been significantly shrinking. Findings revealed an area loss of more than 800 km2 at the glacier margins in this Norwegian group of islands since 1985.

The study also found that more than half of the glaciers (62%) undergo seasonal cycles in glacier calving -- when large chunks of ice break away due to higher ocean and air temperatures.

Lead author Dr Tian Li, Senior Research Associate at the University's Glaciology Centre, said: "The scale of glacier retreats over the past few decades is astonishing, almost covering the entire Svalbard. This highlights the vulnerability of glaciers to climate change, especially in Svalbard, a region experiencing rapid warming up to seven times faster than the global average."

The research team deployed Artificial Intelligence (AI) to quickly identify glacier patterns across large areas. Using a novel AI model, they analysed millions of satellite images capturing the end positions of glaciers across the entire Svalbard.

The findings provide an unprecedented level of detail into the scale and nature of glacier loss in this region. The biggest spike in glacier retreats was detected in 2016, when the calving rates were double the average between 2010 and 2015, in response to extreme warming events.

"This was likely caused by a large-scale weather pattern called atmospheric blocking that can influence atmospheric pressures," Dr Li said.

"With the increasing frequency of atmospheric blocking and ongoing regional warming, future retreats of glaciers are expected to accelerate, resulting in greater glacier mass loss. This would change the ocean circulation and marine life environments in the Arctic."

Svalbard is one of the fastest-warming places on Earth. The low altitude of the archipelago's ice fields and geographical location in the high North Atlantic make it especially sensitive to climate change.

Co-author Jonathan Bamber, Professor of Glaciology at the University of Bristol, said: "Glacier calving is a poorly modelled and understood process that plays a crucial role in the health of a glacier. Our study provides valuable insights into what controls calving and how it responds to climate forcing in an area at the frontline of global warming."
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Cavity-nesting birds decorate with snake skin to deter predators | ScienceDaily
When a bird drapes its nest with snake skin, it isn't just making an interesting decor choice. Cornell University researchers find that for some birds, it keeps predators at bay.


						
Scientists combined new and historical data to show birds that nest in cavities -- covered nests with small openings -- are more likely to use shed snake skins in their construction than birds that build open-cup nests, and this practice helps deter predators from eating the eggs.

"What do snakes eat? They eat a lot of mice and small mammals," said Vanya Rohwer, senior researcher and lead author of the paper published in the journal The American Naturalist.

"We think that an evolutionary history of harmful interactions between small-bodied predators of birds that are often eaten by snakes should make these predators afraid of snake skin inside of a nest," Rohwer said. "It might change their decision-making process of whether or not they're going to go into a nest."

Birdwatchers have documented the use of snake skins in nests for centuries and speculated that it occurs more in cavity nests, but no one had tested this theory, said Rohwer.

To test what benefit birds might be getting out of the snake skin, the researchers explored if snake skin could reduce nest predation, reduce harmful nest ectoparasites, change microbial communities in ways that benefit birds or function as a signal of parental quality and increase the effort parents make in raising their young. Of these ideas, their results supported the nest predation hypothesis, but only in cavity nests.

For this experiment, the researchers placed two quail eggs inside more than 60 nest boxes and 80 inactive American robin nests placed around the Monkey Run Natural Area in Ithaca to simulate cavity and open-cup nests. Some nests received snake skins collected from a local snake breeder, and others did not.

Every three days for two weeks, researchers carried a ladder through Monkey Run to climb up to the nests and check on the eggs.

Trail cameras revealed that small mammals and avian nest predators visited open-cup nests, while only small mammals -- namely flying squirrels -- visited the nest boxes.

"If you were in one of those nest boxes and you had snake skin, you had a much higher chance of surviving that 14-day period," Rohwer said. "The benefits of the material are most strongly expressed in cavity nests."
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New study provides insight into how some species thrive in dark, oxygen-free environments | ScienceDaily
Most life on Earth relies on the sun's energy for survival, but what about organisms in the deep sea that live beyond the reach of its rays? A new study led by Woods Hole Oceanographic Institution (WHOI), published in The ISME Journal, sheds light on how a species of foraminifera, single-celled organisms found in almost all marine habitats, thrives in a dark, oxygen-free environment.


						
For this foraminifera species, the answer is chemoautotrophy, a metabolic process that utilizes inorganic energy sources, perhaps sulfide, to take up carbon, enabling it to survive in oxygen-free environments. Chemoautotrophy has been observed within Bacteria and Archaea, which are microbial organisms without a true nucleus. However, foraminifera are eukaryotes, meaning they have a well-defined nucleus, which houses an organism's genetic material.

"Animals, plants, seaweed, and foraminifera are all eukaryotes. We were interested in studying this foraminifera because it thrives in a very similar environment to Earth during the Precambrian, a time before the evolution of animals," explained Fatma Gomaa, a research associate in WHOI's Geology & Geophysics Department. "During that time, there was very little to no available oxygen in the oceans and higher concentrations of toxic inorganic compounds; conditions similar to some modern environments found on the seafloor, especially within sediments. Understanding the energy and carbon sources used by this foraminifer helps us to answer questions on how these species adapt to environmental changes while advancing our knowledge on the evolution of eukaryotic life on Earth."

Using the remotely operated vehicle Hercules from the exploration vessel E/V Nautilus,operated by the Ocean Exploration Trust, the team collected sediments containing foraminifera about 570 meters (1,870 feet) below the ocean surface, off the coast of California. At depth, the team utilized two main methods to learn about the life strategies of the foraminifera. The first included infusing samples with a preservative (visible with red dye), preserving the foraminifera in situ. The researchers assessed their use of different metabolic pathways using gene expression analyses. Additionally, researchers used in situ incubations with an isotopic carbon tracer, a technique that allows tracking of labeled metabolites through chemical reactions. These incubations were kept on the seafloor for approximately 24 hours before being recovered and subsampled in red light.

"When we analyzed the seafloor tracer incubations, we could see that the tracer moved from the water and was associated with the foraminifera biomass. This gave us an idea of where these organisms were getting their carbon," said Daniel Rogers, an associate professor of chemistry and department chair at Stonehill College. "It was important for us to make these observations at depth, where these organisms are in their natural state. By bringing them to the surface, we expose them to light, increase the temperature of their environment, and change the amount of pressure they're under. This in situ approach gives us a more accurate depiction of how these organisms survive in such harsh environments."

This study was funded by NASA, which is interested in the possibility of life on other planets and how it might survive. While the deep sea couldn't be further from extraterrestrial planets, both environments share similarities such as cold temperatures, darkness, and in many locations, no oxygen. Joan Bernhard, a senior scientist in WHOI's Geology & Geophysics Department and foraminifera expert, has been studying this population of benthic foraminifera for decades to learn how these fascinating creatures survive in this challenging environment and have done so throughout a large portion of Earth history.

"Foraminifera are extremely abundant on earth. Most are only about 300 microns in diameter, so rather small. In a volume as small as a pencil eraser, there could be about 500 of this particular species in this dark, oxygen-free and sulfidic habitat." Bernhard explained. "This species takes up unrelated organism's chloroplasts -- organelles that perform photosynthesis if exposed to sunlight. This process is called kleptoplasty, in which an organism steals chloroplasts from another type of organism, even though these foraminifera are never exposed to sunlight. We know kleptoplasty is happening here, but we needed more research to understand why this foraminifer is so successful in the dark, without oxygen."

Aside from their ability to thrive in what some consider to be an extreme habitat; the shells of foraminifera are also used in climate-change studies and for searching for hydrocarbon reserves. "We have fossil records of foraminifera dating back over half a billion years, which means we have a longer record of this group than most other life on Earth," Bernhard continued. "By studying these fossils, we can see how their shells have responded to changes in the environment, like temperature, salinity, pH, or oxygen. By studying the geochemistry preserved in their shells, foraminifera are excellent tools for showing the age and environment of a geologic deposit. All of this information is essential for building accurate climate records. The fact that a foraminifera species is chemoautotrophic raises questions about their geochemical records and whether we are interpreting them correctly. Other foraminifera species may also be performing this way."

Researchers also preserved specimens of two other foraminifera species and initial results suggest these types differ biologically. Scientists are presently conducting comparable analyses on these other species to pinpoint their energy and carbon sources.
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Astronomers observe real-time formation of black hole jets for the first time | ScienceDaily
A large international team of scientists has observed a phenomenon that astronomers didn't ever expect to see happen in real time. The findings are described in a new paper published in Astrophysical Journal Letters led by Eileen Meyer, associate professor of physics at UMBC.


						
A galaxy about 270 million light-years away from Earth in the constellation Draco called 1ES 1927+654 is the focus of the excitement. For many years, scientists had classified 1ES 1927+654 as an "active galactic nucleus," or AGN, meaning it has an active black hole at its center. This particular black hole was adding material at a slow rate -- until it wasn't.

Back in 2018, the black hole first made news when it suddenly increased its activity exponentially. It dramatically increased the rate at which it was consuming material and became over 100 times brighter in the visible light spectrum over the course of a few months. A shift like that was once thought to take far longer than a human lifetime, on the order of thousands to millions of years. Since then, scientists have been observing it closely for any additional interesting phenomena, and 1ES 1927+654 has delivered.

More drama

After the major increase in activity began in 2018, which included nearly a year of extremely high levels of X-ray emission, the black hole quieted down again by 2020 -- only to dramatically increase its output again in 2023. At that time, it began emitting radio waves at 60 times the previous intensity over just a few months, behavior which has never been monitored in real time for a supermassive black hole.

Some of the highest-resolution imaging of radio frequency emissions was collected using a technique called Very Long Baseline Interferometry (VLBI). It clearly shows a pair of oppositely directed plasma jets forming near the black hole and expanding outward over the course of 2023 -- 2024. Among the other unusual behavior of the black hole, this is the first-ever observation of jet formation in real time.

In recent years, scientists have discovered a handful of supermassive black holes that appear to emit far more intensely at radio frequencies compared to when they were first observed, which they call "changing-look AGN." However, until now all of them had been observed at two timepoints years or decades apart, and the assumption was that "something happened" in between. This new paper gives the very first look at how this kind of change occurs in detail.




Turning on in real time

In some cases, black hole jets "can reach huge scales well outside the host galaxy. They can affect how many stars are forming," Meyer says. Figuring out how the jets work "is a very important thing, in order to understand the big picture of how the universe is evolving and galaxies evolved."

In the case described in the new paper, "We have very detailed observations of a radio jet 'turning on' in real time, and even more exciting are the VLBI observations, which clearly show these plasma blobs moving out from the black hole," Meyer says. "That shows us that this really is an outflow jet of plasma that's causing the radio flare. It's not some other process causing increased radio emission. This is a jet moving at likely 20 to 30 percent of the speed of light originating very near a black hole. That's the exciting thing."

Sibasish Laha, an assistant research scientist for UMBC with the Center for Space Sciences Technology and second author on the new paper, has long studied changing-look AGN at X-ray wavelengths. On a hunch that 1ES 1927+654's radio frequency emission might show interesting behavior as well, he reached out to Meyer to form a collaboration to study 1ES 1927+654 and other similar galaxies back in 2020. He is lead author on a companion paper that is currently under review. It includes additional X-ray observations and interpretation of the jet formation event.

"We still do not understand how black holes and their host galaxies interact with each other and co-evolve in cosmic time," Laha says, "and this study for the first time gives us the rare opportunity to understand how a supermassive black hole 'talks' to the host galaxy."

Not for the faint of heart

In this kind of work, time is of the essence. "Time-domain astronomy," as it's called, "is not for the faint of heart," Meyer says. "You know, there are rapid alerts -- something happens and you have to go follow up. You gotta get on it, and it doesn't matter if it's midnight, you have to send that email because you know every hour counts. It's a little stressful."




The project became an "all hands on deck" moment for the UMBC collaboration. Once Meyer and Laha saw the huge jump in radio activity in 2023, Meyer says, "We were like, 'whoa, ok, something is happening.' This has never been seen before. We got very excited, so this is where we went all in on basically trying to grab every radio telescope and get it to look at this source."

Because 1ES 1927+654 was changing so rapidly before their eyes, the team was awarded new, unscheduled observations on telescopes around the world during the study period, when typically telescope time must be scheduled months or years in advance.

A postdoctoral fellow working with Meyer, Onic Shuvo, who is third author on the paper, took on the lion's share of the late-night duties, rapidly analyzing incoming data and requesting new observations. He's thrilled to be part of such an exciting discovery. "This remarkable finding challenges existing models of AGN activity and highlights the unique role that changing-look AGN play in unraveling the mysteries of the central engine of active galaxies in real-time," Shuvo says.

A new jet is born

The newborn jets coming from 1ES 1927+654 are relatively small compared to the massive jet structures in some of the most powerful AGN, Meyer says. But that doesn't make them less interesting -- in fact, they are probably more common across the universe and therefore very important to understand, she says.

Some data suggested that the 2018 flare, in the visible spectrum, could be due to a "tidal disruption event," where a large object like a star or cloud of gas gets too close to an inactive black hole and artificially brightens it for just a few years, Meyer says. But observations of tidal disruption events in already-active galaxies are rare and not well understood.

While the largest plasma jets extend well beyond their host galaxies and last millions of years, scientists are gaining understanding of a new class of smaller, shorter-lived jets called "compact symmetric objects," or CSOs. Meyer believes the data in this case point most strongly to the birth of a new CSO. One recent hypothesis is that jets in CSOs are qualitatively different from the very large and long-lived jets seen elsewhere, Meyer says, perhaps representing "a single ingestion of a star or a gas cloud; basically a single tidal disruption event happens and powers this short-term jet for maybe 1,000 years."

Perhaps the tidal disruption event occurred several years ago, "and it took a few years for the accreting black hole to organize and start producing the jet," as the team saw in 2023 -- 2024, Meyer says.

Open questions

Overall, "We still don't really understand after all these decades of studying these sources why only a fraction of accreting black holes produce jets and then exactly how they launch them. Until recently we could not literally look into that innermost region to see what's happening -- how the accretion disk surrounding the black hole is interacting with and producing the jet. And so there are still a lot of open questions there," Meyer says.

Questions remain, but today there are many promising models of how black holes produce jets, Meyer says. Next steps will include working with theorists to understand how the data from this study can help test and refine those models.

"There's a lot of theoretical work to be done to understand what we've seen, but the good thing is that we have a massive amount of data," Meyer says. "We're going to keep following this source, and it's going to continue to be exciting."
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The moon: A chunk ejected from Earth? | ScienceDaily
A research team from the University of Gottingen and the Max Planck Institute for Solar System Research (MPS) has discovered another piece in the puzzle of the formation of the Moon and water on Earth. The prevailing theory was that the Moon was the result of a collision between the early Earth and the protoplanet Theia. New measurements indicate that the Moon formed from material ejected from the Earth's mantle with little contribution from Theia. In addition, the findings support the idea that water could have reached the Earth early in its development and may not have been added by late impacts. The results were published in the Proceedings of the National Academy of Sciences (PNAS).


						
The researchers analysed oxygen isotopes from 14 samples from the Moon and carried out 191 measurements on minerals from Earth. Isotopes are varieties of the same element that differ only in the weight of their nucleus. The team used an improved version of "laser fluorination," a method in which oxygen is released from rock using a laser. The new measurements show a very high similarity between samples taken from both Earth and the Moon of an isotope called oxygen-17 (17O). The isotopic similarity between Earth and Moon is a long-standing problem in cosmochemistry for which the term "isotope crisis" had been coined.

"One explanation is that Theia lost its rocky mantle in earlier collisions and then slammed into the early Earth like a metallic cannonball," says Professor Andreas Pack, Managing Director of Gottingen University's Geoscience Centre and Head of the Geochemistry and Isotope Geology Division. "If this were the case, Theia would be part of the Earth's core today, and the Moon would have formed from ejected material from the Earth's mantle. This would explain the similarity in the composition of the Earth and the Moon."

The data obtained also provide an insight into the history of water on Earth: according to a widespread assumption, it only arrived on Earth after the formation of the Moon through a series of further impacts known as the "Late Veneer Event." As the Earth was hit much more frequently by these impacts than the Moon, there should also be a measurable difference between the oxygen isotopes -- depending on the origin of the material that impacted. "However, since the new data shows this is not the case, many types of meteorites can be ruled out as the cause of the 'late veneer'," explains first author Meike Fischer, who was working at the Max Planck Institute for Solar System Research in Gottingen at the time of the research. "Our data can be explained particularly well by a class of meteorites called 'enstatite chondrites': they are isotopically similar to the Earth and contain enough water to be solely responsible for the Earth's water."
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Early humans adapted to harsh conditions more than a million years ago | ScienceDaily

The study, published in Nature Communications Earth & Environment, finds it was earlier than originally thought.

"We reveal how early humans -- known as hominins -- were able to thrive under harsh conditions," says lead author Dr. Julio Mercader Florin, PhD, a professor in both the Faculty of Arts and the Faculty of Science at the University of Calgary.

The multidisciplinary analysis by researchers at UCalgary, the University of Manitoba and 17 other institutions around the world shows Homo erectus adapted at least 1.2 million years ago -- long before our species, Homo sapiens, emerged.

Mercader, who studies human evolution, explains that the archaeological research was done at Olduvai Gorge, a UNESCO World Heritage site in Tanzania.

"By doing archeology, what we can see is that Homo erectus keeps coming back to the same place in the landscape over thousands of years," he says in an interview. "It's not a one-time camp.

"There is thickness to the accumulation of archeological remains and fossils that is telling us that a species was targeting a very specific point in the landscape to do what they came here to do."

For example, the archeological data shows that groups of Homo erectus repeatedly returned to live in locations with freshwater availability such as ponds and developed specialized stone tools.




Co-author Dr. Jed Kaplan, PhD, a Canada Research Chair in global systems modelling, says he was able to reconstruct past landscapes to simulate the East African region at the time.

"Things like extreme climate change leading to desertification would have been really difficult for hominins to survive," he says. "What we discovered in the study is that, in fact, we find plenty of evidence for hominin activity under environmental conditions -- so climate, vegetation -- that suggest really hot and dry periods.

"So, it's changing our understanding of the adaptability of these early hominins to extreme environments and demonstrating that Homo erectus were more adaptable than we realized."

Kaplan, a professor with the Department of Earth, Energy and Environment in UCalgary's Faculty of Science, says it has interesting implications.

"It's well known that by the time modern humans come on the landscape, 200,000 to 300,000 years ago, we are really adaptable," he explains. "We not only spread out in Africa but also start inhabiting all of these really different environments -- everything from the Arctic tundra to the Sahara desert and the tropical rainforest and everything in between."

It's now become clear, he says, that our human ancestors were demonstrating their ability to survive in a wide range of environments -- including really extreme ones.




"That's new, that pretty neat," Kaplan says.

Ultimately, he expects scientists will be able to show the overall adaptability of Homo erectus.

"These prominent ancestors were not just able to survive in every kind of environment from rainforest to desert, but also build boats and get across ocean straits and get to different islands."

It's still unknown whether they could talk or had language, he says, but they may have been able to communicate in other ways to find resources such as water or rocks for making tools or fire.

Kaplan says the study is important because it helps us to learn about who we are and where we come from.

"It is a contribution to a better understanding of our planet and human's role in it," he says.

Both researchers note that the paper is also important because it brought together a broad range of experts -- from archaeologists and biogeochemists to paleoclimate specialists -- to produce some ground-breaking research.

"It illustrates how modern climate research works," says Mercader. "It is a model for addressing the science of past and present-day climate science research."
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