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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.


      
        Tech meets tornado recovery
        Traditional methods of assessing damage after a disaster can take weeks or even months, delaying emergency response, insurance claims and long-term rebuilding efforts. New research might change that. Researchers have developed a new method that combines remote sensing, deep learning and restoration models to speed up building damage assessments and predict recovery times after a tornado. Once post-event images are available, the model can produce damage assessments and recovery forecasts in less ...

      

      
        Research shows how hormone can reverse fatty liver disease in mice
        A pioneering research study details how the hormone FGF21 (fibroblast growth factor 21) can reverse the effects of fatty liver disease in mice. The hormone works primarily by signaling the brain to improve liver function.

      

      
        Study shows vision-language models can't handle queries with negation words
        Researchers found that vision-language models, widely used to analyze medical images, do not understand negation words like 'no' and 'not.' This could cause them to fail unexpectedly when asked to retrieve medical images that contain certain objects but not others.

      

      
        Could a mini-stroke leave lasting fatigue?
        A transient ischemic attack, also known as a mini-stroke, is typically defined as a temporary blockage of blood flow to the brain that causes symptoms that go away within a day, but a new study finds that people who have this type of stroke may also have prolonged fatigue lasting up to one year.

      

      
        New nanoparticle could make cancer treatment safer, more effective
        Scientists have created a new nanoparticle that could make ultrasound-based cancer treatments more effective and safer, while also helping prevent tumors from coming back. To make the therapy even more powerful, the scientists also attached a potent chemotherapy drug to the peptide on the nanoparticle's surface. The ultrasound physically destroys the tumor, and the drug helps eliminate any leftover cancer cells that might cause the tumor to return.

      

      
        Energy and memory: A new neural network paradigm
        Listen to the first notes of an old, beloved song. Can you name that tune? If you can, congratulations -- it's a triumph of your associative memory, in which one piece of information (the first few notes) triggers the memory of the entire pattern (the song), without you actually having to hear the rest of the song again. We use this handy neural mechanism to learn, remember, solve problems and generally navigate our reality.

      

      
        How we think about protecting data
        A new game-based experiment sheds light on the tradeoffs people are willing to make about data privacy.

      

      
        Duchenne muscular dystrophy gene therapy
        Scientists present current evidence for a new gene therapy for Duchenne muscular dystrophy called delandistrogene moxeparvovec.

      

      
        Sharp depletion in soil moisture drives land water to flow into oceans, contributing to sea level rise
        The increasing frequency of once-in-a-decade agricultural and ecological drought has underscored the urgency of studying hydrological changes. A research team has analyzed the estimated changes in land water storage over the past 40 years by utilizing space geodetic observation technology and global hydrological change data. This innovative method has revealed a rapid depletion in global soil moisture, resulting in a significant amount of water flowing into the oceans, leading to a rise in sea le...

      

      
        The key to spotting dyslexia early could be AI-powered handwriting analysis
        A new study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.

      

      
        Tiny gas bubbles reveal secrets of Hawaiian volcanoes
        Using advanced technology that analyzes tiny gas bubbles trapped in crystal, a team of scientists has precisely mapped how magma storage evolves as Hawaiian volcanoes age.

      

      
        Climate change is turning coastal lagoons into 'salty soup'
        The impacts of human activity and climate change are coalescing to make coastal lagoons saltier, changing the microbial life they support and the function they play in their ecosystems, according to new research.

      

      
        Dexterity and climbing ability: how ancient human relatives used their hands
        Scientists have found new evidence for how our fossil human relatives in South Africa may have used their hands. Researchers investigated variation in finger bone morphology to determine that South African hominins not only may have had different levels of dexterity, but also different climbing abilities.

      

      
        Handy octopus robot can adapt to its surroundings
        Scientists inspired by the octopus's nervous system have developed a robot that can decide how to move or grip objects by sensing its environment.

      

      
        The ripple effect of small earthquakes near major faults
        When we think of earthquakes, we imagine sudden, violent shaking. But deep beneath the Earth's surface, some faults move in near silence. These slow, shuffling slips and their accompanying hum -- called tremors -- don't shake buildings or make headlines. But scientists believe they can serve as useful analogs of how major earthquakes begin and behave.

      

      
        'Sweet spot' for focused ultrasound to provide essential tremor relief
        For millions of people around the world with essential tremor, everyday activities from eating and drinking to dressing and doing basic tasks can become impossible. This common neurological movement disorder causes uncontrollable shaking, most often in the hands, but it can also occur in the arms, legs, head, voice, or torso. Essential tremor impacts an estimated 1 percent of the worldwide population and around 5 percent of people over 60. Investigators have now identified a specific subregion of...

      

      
        Microplastics in Texas bays are being swept out to sea
        When researchers went searching for microplastics in sediments pulled from the bottom of Matagorda Bay and its surrounding inlets, they didn't find much. Most of their samples contained only tens to hundreds of microplastic particles for each kilogram of sediment. This is hundreds to thousands of times less than other bayside environments around the world.

      

      
        Fossil tracks show reptiles appeared on Earth up to 40 million years earlier
        The origin of reptiles on Earth has been shown to be up to 40 million years earlier than previously thought -- thanks to evidence discovered at an Australian fossil site that represents a critical time period. Scientists have identified fossilized tracks of an amniote with clawed feet -- most probably a reptile -- from the Carboniferous period, about 350 million years ago.

      

      
        Combining laboratory techniques yields wealth of information about deadly brain tumors
        Clinicians have demonstrated that doctors can gain a wealth of knowledge about a patient's cancer by using multiple laboratory techniques to study tumor tissue taken from needle biopsies of glioblastoma, a highly aggressive form of brain cancer.

      

      
        Genome of near-extinct northern white rhino offers hope for reviving the species
        The northern white rhinoceros is one of the rarest animals on Earth, with just two females left and no natural way for the species to reproduce. Now, scientists have mapped the entire genome of a northern white rhino. This represents a crucial step toward bringing the critically endangered species back from the edge using advanced reproductive technologies. The complete genome can be used as a reference to analyze the health of previously developed northern white rhinoceros stem cells. Eventually...

      

      
        New generation of skin substitutes give hope to severe burns patients
        Australian researchers have flagged some promising new approaches to treat severe burns that could save lives and dramatically improve patient recovery.

      

      
        Digital lab for data- and robot-driven materials science
        Researchers have developed a digital laboratory (dLab) system that fully automates the material synthesis and structural, physical property evaluation of thin-film samples. With dLab, the team can autonomously synthesize thin-film samples and measure their material properties. The team's dLab system demonstrates advanced automatic and autonomous material synthesis for data- and robot-driven materials science.

      

      
        Adult-onset type 1 diabetes increases risk of cardiovascular disease and death
        A new study shows that people who develop type 1 diabetes in adulthood have an increased risk of cardiovascular disease and death, and that those diagnosed later in life do not have a better prognosis than those diagnosed earlier.

      

      
        The risk of death or complications from broken heart syndrome was high from 2016 to 2020
        The risk of death or complications from the stress-related heart condition associated with stressful events, such as the death of a loved one -- called Takotsubo cardiomyopathy or broken heart syndrome -- was high and unchanged from 2016 to 2020, according to data from a national study that included nearly 200,000 U.S. adults.

      

      
        Got data? Breastfeeding device measures babies' milk intake in real time
        New device can give peace of mind and reduce anxiety for breastfeeding moms. It uses bioimpedance, which is currently used to measure body fat, and streams clinical-grade data to a smartphone or tablet in real time. Developed by physicians and engineers, device was tested by new moms. Technology could particularly benefit fragile babies in the NICU, who have precise nutritional needs.

      

      
        Study sheds light on how autistic people communicate
        There is no significant difference in the effectiveness of how autistic and non-autistic people communicate, according to a new study, challenging the stereotype that autistic people struggle to connect with others.

      

      
        New hope against superbugs: Promising antibiotic candidate discovered
        An international team of researchers has discovered saarvienin A, a new type of glycopeptide antibiotic. Their findings introduce a compound with strong activity against highly resistant bacterial strains.

      

      
        Sugar-coated nanotherapy dramatically improves neuron survival in Alzheimer's model
        In many neurodegenerative diseases, proteins misfold and clump together in brain tissue. Scientists developed a new therapy made of peptides and a sugar that naturally occurs in plants. The therapeutic molecules self-assemble into nanofibers, which bond to the neuron-killing proteins. Now trapped, the toxic proteins can no longer enter neurons and instead harmlessly degrade.

      

      
        Uncovering compounds that tame the heat of chili peppers
        When biting into a chili pepper, you expect a fiery sensation on your tongue. This spiciness is detected because of capsaicinoid compounds. But for some peppers, despite high levels of capsaicinoids, the heat is mysteriously dull. Now, researchers have identified three compounds that lessen peppers' pungency. These results challenge the reliability of the century-old Scoville scale, which traditionally bases its rating on two capsaicinoids.

      

      
        Astronomers take a second look at twin star systems
        Apples-to-apples comparisons in the distant universe are hard to come by. Whether the subject is dwarf galaxies, supermassive black holes, or 'hot Jupiters,' astronomers can spend months or years searching for comparable objects and formations to study. And it is rarer still when those objects are side-by-side. But a new study offers a road map for finding 'twin' planetary systems -- showing whether binary stars that orbit each other, and that were born at the same time and place, tend to host si...

      

      
        Postpartum depression and bonding: Long-term effects on school-age children
        Postpartum maternal mental health and mother-to-infant bonding are well-established as critical factors in a child's psychosocial development. However, few studies have explored the combined impact of postpartum maternal depression and early bonding experiences on emotional and behavioral difficulties during middle childhood. A new study reveals significant associations between postpartum depression, mother-to-infant bonding, and child difficulties. Notably, secure early bonding was found to part...

      

      
        Making connections: A three-dimensional visualization of musculoskeletal development
        Using a new fluorescent mouse model with advanced imaging techniques, researchers have successfully visualized how musculoskeletal components are integrated into the functional locomotor system during embryonic development.

      

      
        Australia's oldest prehistoric tree frog hops 22 million years back in time
        Scientists have now discovered the oldest ancestor for all the Australian tree frogs, with distant links to the tree frogs of South America.

      

      
        Why are urban children more prone to allergies?
        Evidence of a unique T cell may explain why urban children are more prone to allergies than rural children. Differences in the development of the gut microbiome may be an underlying cause.

      

      
        An ink that boosts coral reef settlement by 20 times
        With coral reefs in crisis due to climate change, scientists have engineered a bio-ink that could help promote coral larvae settlement and restore these underwater ecosystems before it's too late. Researchers demonstrate that the ink could boost coral settlement by more than 20 times, which they hope could contribute to rebuilding coral reefs around the world.

      

      
        UV light and CT scans helped scientists unlock hidden details in a beautifully-preserved fossil Archaeopteryx
        Archaeopteryx is the fossil that clearly demonstrated Darwin's views. It's the oldest known fossil bird, and it helps show that all birds -- including the ones alive today -- emerged from dinosaurs. And while the first Archaeopteryx fossil was found more than 160 years ago, scientists are continuing to learn new things about this ancient animal. A set of feathers never before seen in this species help explain why it could fly when many of its non-bird dinosaur cousins could not.

      

      
        Scientists discover new way the brain learns
        Neuroscientists have discovered that the brain uses a dual system for learning through trial and error. This is the first time a second learning system has been identified, which could help explain how habits are formed and provide a scientific basis for new strategies to address conditions related to habitual learning, such as addictions and compulsions. The study in mice could also have implications for developing therapeutics for Parkinson's.

      

      
        A downside of taurine: It drives leukemia growth
        A study shows that leukemia cells drink up taurine, which is produced in the body and also consumed through foods and in energy drinks, and use it as fuel for growth. This highlights a potential to block taurine uptake as a possible treatment.

      

      
        New global model shows how to bring environmental pressures back to 2015 levels by 2050
        A new study finds that with bold and coordinated policy choices -- across emissions, diets, food waste, and water and nitrogen efficiency -- humanity could, by 2050, bring global environmental pressures back to levels seen in 2015. This shift would move us much closer to a future in which people around the world can live well within the Earth's limits.

      

      
        CT scanning helps reveal path from rotten fish to fossil
        Scientists confirm CT scanning doesn't interfere with natural decomposition processes, opening new windows into understanding how fossils form.

      

      
        Recognition from colleagues helps employees cope with bad work experiences
        Being appreciated by colleagues can help employees cope with negative experiences at work, according to a new study. Researchers found that employees experience 'embitterment' -- an emotional response to perceived workplace injustice -- on days when they are assigned more unreasonable tasks than usual. This negative emotion not only affects their work but also spills over into their personal lives, leading to an increase in rumination, the repetitive dwelling on negative feelings and their causes...

      

      
        Palaeontologists discover 506-million-year-old predator
        Palaeontologists have discovered a remarkable new 506-million-year-old predator from the Burgess Shale of Canada. Mosura fentoni was about the size of your index finger and had three eyes, spiny jointed claws, a circular mouth lined with teeth and a body with swimming flaps along its sides. These traits show it to be part of an extinct group known as the radiodonts.

      

      
        Not all orangutan mothers raise their infants the same way
        Sumatran orangutan mothers differ from one another in how they behave with and take care of their infants and how flexibly they adjust their mothering behaviors as their infants grow. Whilst mothers differed from one another in their maternal behaviors, they remained consistent in their behaviors with their different infants. Consistent differences among Sumatran orangutan mothers suggest that individual maternal personalities may exist, potentially influencing infant development.

      

      
        New computer language helps spot hidden pollutants
        Biologists and chemists have a new programming language to uncover previously unknown environmental pollutants at breakneck speed -- without requiring them to code.

      

      
        Eldercare robot helps people sit and stand, and catches them if they fall
        Engineers built E-BAR, a mobile robot designed to physically support the elderly and prevent them from falling as they move around their homes. E-BAR acts as a set of robotic handlebars that follows a person from behind, allowing them to walk independently or lean on the robot's arms for support.

      

      
        Mapping a new brain network for naming
        Researchers identified two brain networks involved in word retrieval -- the cognitive process of accessing words we need to speak. A semantic network processes meaning in middle/inferior frontal gyri, while an articulatory network in inferior frontal/precentral gyri plans speech production.

      

      
        A plant you've never heard of can do what scientists once thought impossible
        A new study shows that an unassuming plant has some very unusual family dynamics.

      

      
        Enzymes from scratch
        Researchers have developed a new workflow for designing enzymes from scratch, paving the way toward more efficient, powerful and environmentally benign chemistry. The new method allows designers to combine a variety of desirable properties into new-to-nature catalysts for an array of applications, from drug development to materials design.

      

      
        Hormone cycles shape the structure and function of key memory regions in the brain
        Hormone levels fluctuate like the tides, ebbing and flowing according to carefully orchestrated cycles. These hormones not only influence the body, but can cross into the brain and shape the behavior of our neurons and cognitive processes. Recently, researchers used modern laser microscopy techniques to observe how fluctuations in ovarian hormones shape both the structure and function of neurons in the mouse hippocampus, a brain region crucial for memory formation and spatial learning in mammals....

      

      
        Researchers demonstrate 3-D printing technology to improve comfort, durability of 'smart wearables'
        Imagine a T-shirt that could monitor your heart rate or blood pressure. Or a pair of socks that could provide feedback on your running stride. It may be closer than you think, with new research demonstrating a particular 3-D ink printing method for so-called smart fabrics that continue to perform well after repeated washings and abrasion tests.
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Tech meets tornado recovery | ScienceDaily
It started as a low, haunting roar building in the distance. It grew into a deafening thunder that drowned out all else. The sky turned an unnatural shade of green, then black. The wind lashed at trees and buildings with brutal force. Sirens wailed. Windows and buildings exploded.


						
In spring 2011, Joplin, Missouri, was devastated by an EF5 tornado with estimated winds exceeding 200 mph. The storm caused 161 fatalities, injured over 1,000 people, and damaged and destroyed around 8,000 homes and businesses. The tornado carved a mile-wide path through the densely populated south-central area of the city, leaving behind miles of splintered rubble and causing over $2 billion in damage.

The powerful winds of tornadoes often surpass the design limits of most residential and commercial buildings. Traditional methods of assessing damage after a disaster can take weeks or even months, delaying emergency response, insurance claims and long-term rebuilding efforts.

New research from Texas A&M University might change that. Led by Dr. Maria Koliou, associate professor and Zachry Career Development Professor II in the Zachry Department of Civil and Environmental Engineering at Texas A&M, researchers have developed a new method that combines remote sensing, deep learning and restoration models to speed up building damage assessments and predict recovery times after a tornado. Once post-event images are available, the model can produce damage assessments and recovery forecasts in less than an hour.

The researchers published their model in Sustainable Cities and Society. 

"Manual field inspections are labor-intensive and time-consuming, often delaying critical response efforts," said Abdullah Braik, coauthor and a civil engineering doctoral student at Texas A&M. "Our method uses high-resolution sensing imagery and deep learning algorithms to generate damage assessments within hours, immediately providing first responders and policymakers with actionable intelligence."

The model does more than assess damage -- it also helps predict repair costs and estimate recovery times. Researchers can assess these timelines and costs in different situations by combining deep learning technology, a type of artificial intelligence, with advanced recovery models.




"We aim to provide decision-makers with near-instantaneous damage assessment and probabilistic recovery forecasts, ensuring that resources are allocated efficiently and equitably, particularly for the most vulnerable communities," Braik said. "This enables proactive decision-making in the aftermath of a disaster."

How It Works

Researchers combined three tools to create the model: remote sensing, deep learning and restoration modeling.

Remote sensing uses high-resolution satellite or aerial images from sources such as NOAA to show the extent of damage across large areas.

"These images are crucial because they offer a macro-scale view of the affected area, allowing for rapid, large-scale damage detection," Braik said.

Deep learning automatically analyzes these images to identify the severity of the damage accurately. The AI is trained before disasters by analyzing thousands of images of past events, learning to recognize visible signs of damage such as collapsed roofs, missing walls and scattered debris. The model then classifies each building into categories such as no damage, moderate damage, major damage, or destroyed.




Restoration modeling uses past recovery data, building and infrastructure details and community factors -- like income levels or access to resources -- to estimate how long it might take for homes and neighborhoods to recover under different funding or policy conditions.

When these three tools are combined, the model can quickly assess the damage and predict short- and long-term recovery timelines for communities affected by disasters.

"Ultimately, this research bridges the gap between rapid disaster assessment and strategic long-term recovery planning, offering a risk-informed yet practical framework for enhancing post-tornado resilience," Braik said.

Testing The Model

Koliou and Braik used data from the 2011 Joplin tornado to test their model due to its massive size, intensity and availability of high-quality post-disaster information. The tornado destroyed thousands of buildings, creating a diverse dataset that allowed the model to be trained and tested across various levels of structural damage. Detailed ground-level damage assessments provided a reliable benchmark to check how accurately the model could classify the severity of the damage.

"One of the most interesting findings was that, in addition to detecting damage with high accuracy, we could also estimate the tornado's track," Braik said. "By analyzing the damage data, we could reconstruct the tornado's path, which closely matched the historical records, offering valuable information about the event itself."

Future Directions

Researchers are working on using this model for other types of disasters, such as hurricanes and earthquakes, as long as satellites can detect damage patterns.

"The key to the model's generalizability lies in training it to use past images from specific hazards, allowing it to learn the unique damage patterns associated with each event," Braik said. "We have already tested the model on hurricane data, and the results have shown promising potential for adapting to other hazards."

The research team believes their model could be critical in future disaster response, helping communities recover faster and more efficiently. The team wants to extend the model beyond damage assessment to include real-time updates on recovery progress and tracking recovery over time.

"This will allow for more dynamic and informed decision-making as communities rebuild," he said. "We aim to create a reliable tool that enhances disaster management efficiency and supports quicker recovery efforts."

The technology has the potential to transform how emergency officials, insurers and policymakers respond in the crucial hours and days after a storm by delivering near-instant assessments and recovery projections.

Funding for this research was provided by the National Science Foundation.
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Research shows how hormone can reverse fatty liver disease in mice | ScienceDaily

University of Oklahoma researcher Matthew Potthoff, Ph.D., is the lead author of the study, which provides valuable insight about the mechanism of action of the hormone, which is a target for a new class of highly anticipated drugs that are in Phase 3 clinical trials.

"Fatty liver disease, or MASLD (metabolic dysfunction-associated steatotic liver disease), is a buildup of fat in the liver. It can progress to MASH (metabolic dysfunction-associated steatohepatitis) during which fibrosis and, ultimately, cirrhosis can occur. MASLD is becoming a very big problem in the United States, affecting 40% of people worldwide, and there is currently only one treatment approved by the Food and Drug Administration to treat MASH. A new class of drugs, based on FGF21 signaling, is showing good therapeutic benefits in clinical trials, but until now, the mechanism for how they work has been unclear," said Potthoff, a professor of biochemistry and physiology at the University of Oklahoma College of Medicine and deputy director of OU Health Harold Hamm Diabetes Center.

The study's results demonstrated that FGF21 was effective at causing signaling in the model species that changed the liver's metabolism. In doing so, the liver's fat was lowered and the fibrosis was reversed. The hormone also sent a separate signal directly to the liver, specifically to lower cholesterol.

"It's a feedback loop where the hormone sends a signal to the brain, and the brain changes nerve activity to the liver to protect it," Potthoff said. "The majority of the effect comes from the signal to the brain as opposed to signaling the liver directly, but together, the two signals are powerful in their ability to regulate the different types of lipids in the liver."

Similar to the family of weight loss drugs known as GLP-1s (glucagon-like peptide 1), which help regulate blood sugar levels and appetite, FGF21 acts on the brain to regulate metabolism. In addition, both are hormones produced from peripheral tissues -- GLP-1 from the intestine and FGF21 from the liver -- and both work by sending a signal to the brain.

"It is interesting that this metabolic hormone/drug works primarily by signaling to the brain instead of to the liver directly, in this case," he said. "FGF21 is quite powerful because it not only led to a reduction of fat, but it also mediated the reversal of fibrosis, which is the pathological part of the disease, and it did so while the mice were still eating a diet that would cause the disease. Now, we not only understand how the hormone works, but it may guide us in creating even more targeted therapies in the future."
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Study shows vision-language models can't handle queries with negation words | ScienceDaily
Imagine a radiologist examining a chest X-ray from a new patient. She notices the patient has swelling in the tissue but does not have an enlarged heart. Looking to speed up diagnosis, she might use a vision-language machine-learning model to search for reports from similar patients.


						
But if the model mistakenly identifies reports with both conditions, the most likely diagnosis could be quite different: If a patient has tissue swelling and an enlarged heart, the condition is very likely to be cardiac related, but with no enlarged heart there could be several underlying causes.

In a new study, MIT researchers have found that vision-language models are extremely likely to make such a mistake in real-world situations because they don't understand negation -- words like "no" and "doesn't" that specify what is false or absent.

"Those negation words can have a very significant impact, and if we are just using these models blindly, we may run into catastrophic consequences," says Kumail Alhamoud, an MIT graduate student and lead author of this study.

The researchers tested the ability of vision-language models to identify negation in image captions. The models often performed as well as a random guess. Building on those findings, the team created a dataset of images with corresponding captions that include negation words describing missing objects.

They show that retraining a vision-language model with this dataset leads to performance improvements when a model is asked to retrieve images that do not contain certain objects. It also boosts accuracy on multiple choice question answering with negated captions.

But the researchers caution that more work is needed to address the root causes of this problem. They hope their research alerts potential users to a previously unnoticed shortcoming that could have serious implications in high-stakes settings where these models are currently being used, from determining which patients receive certain treatments to identifying product defects in manufacturing plants.




"This is a technical paper, but there are bigger issues to consider. If something as fundamental as negation is broken, we shouldn't be using large vision/language models in many of the ways we are using them now -- without intensive evaluation," says senior author Marzyeh Ghassemi, an associate professor in the Department of Electrical Engineering and Computer Science (EECS) and a member of the Institute of Medical Engineering Sciences and the Laboratory for Information and Decision Systems.

Ghassemi and Alhamoud are joined on the paper by Shaden Alshammari, an MIT graduate student; Yonglong Tian of OpenAI; Guohao Li, a former postdoc at Oxford University; Philip H.S. Torr, a professor at Oxford; and Yoon Kim, an assistant professor of EECS and a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL) at MIT. The research will be presented at Conference on Computer Vision and Pattern Recognition.

Neglecting negation

Vision-language models (VLM) are trained using huge collections of images and corresponding captions, which they learn to encode as sets of numbers, called vector representations. The models use these vectors to distinguish between different images.

A VLM utilizes two separate encoders, one for text and one for images, and the encoders learn to output similar vectors for an image and its corresponding text caption.

"The captions express what is in the images -- they are a positive label. And that is actually the whole problem. No one looks at an image of a dog jumping over a fence and captions it by saying 'a dog jumping over a fence, with no helicopters,'" Ghassemi says.




Because the image-caption datasets don't contain examples of negation, VLMs never learn to identify it.

To dig deeper into this problem, the researchers designed two benchmark tasks that test the ability of VLMs to understand negation.

For the first, they used a large language model (LLM) to re-caption images in an existing dataset by asking the LLM to think about related objects not in an image and write them into the caption. Then they tested models by prompting them with negation words to retrieve images that contain certain objects, but not others.

For the second task, they designed multiple choice questions that ask a VLM to select the most appropriate caption from a list of closely related options. These captions differ only by adding a reference to an object that doesn't appear in the image or negating an object that does appear in the image.

The models often failed at both tasks, with image retrieval performance dropping by nearly 25 percent with negated captions. When it came to answering multiple choice questions, the best models only achieved about 39 percent accuracy, with several models performing at or even below random chance.

One reason for this failure is a shortcut the researchers call affirmation bias -- VLMs ignore negation words and focus on objects in the images instead.

"This does not just happen for words like 'no' and 'not.' Regardless of how you express negation or exclusion, the models will simply ignore it," Alhamoud says.

This was consistent across every VLM they tested.

"A solvable problem"

Since VLMs aren't typically trained on image captions with negation, the researchers developed datasets with negation words as a first step toward solving the problem.

Using a dataset with 10 million image-text caption pairs, they prompted an LLM to propose related captions that specify what is excluded from the images, yielding new captions with negation words.

They had to be especially careful that these synthetic captions still read naturally, or it could cause a VLM to fail in the real world when faced with more complex captions written by humans.

They found that finetuning VLMs with their dataset led to performance gains across the board. It improved models' image retrieval abilities by about 10 percent, while also boosting performance in the multiple-choice question answering task by about 30 percent.

"But our solution is not perfect. We are just recaptioning datasets, a form of data augmentation. We haven't even touched how these models work, but we hope this is a signal that this is a solvable problem and others can take our solution and improve it," Alhamoud says.

At the same time, he hopes their work encourages more users to think about the problem they want to use a VLM to solve and design some examples to test it before deployment.

In the future, the researchers could expand upon this work by teaching VLMs to process text and images separately, which may improve their ability to understand negation. In addition, they could develop additional datasets that include image-caption pairs for specific applications, such as health care.
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Could a mini-stroke leave lasting fatigue? | ScienceDaily
A transient ischemic attack, also known as a mini-stroke, is typically defined as a temporary blockage of blood flow to the brain that causes symptoms that go away within a day, but a new study finds that people who have this type of stroke may also have prolonged fatigue lasting up to one year. The study is published on May 14, 2025, online in Neurology(r), the medical journal of the American Academy of Neurology (AAN). The study does not prove that mini-strokes cause lasting fatigue; it only shows an association.


						
"People with a transient ischemic attack can have symptoms such as face drooping, arm weakness or slurred speech and these resolve within a day," said study author Boris Modrau, MD, PhD, of Aalborg University Hospital in Denmark. "However, some have reported continued challenges including reduced quality of life, thinking problems, depression, anxiety and fatigue. Our study found that for some people, fatigue was a common symptom that lasted up to one year after the transient ischemic attack."

The study involved 354 people with an average age of 70 who had a mini-stroke. They were followed for a year.

Participants completed questionnaires about their level of fatigue within the first two weeks of the mini-stroke and again at three, six, and 12 months later.

One questionnaire looked at five different types of fatigue, including overall tiredness, physical tiredness, reduced activity, reduced motivation and mental fatigue. Scores ranged from four to 20 with higher scores indicating more fatigue. Participants had an average score of 12.3 at the start of the study. At three months, the average score decreased slightly to 11.9, at six months to 11.4 and at twelve months to 11.1.

Researchers looked at how many participants experienced fatigue as defined as a score of 12 or higher. Of the participants, 61% experienced fatigue two weeks after the mini-stroke and 54% experienced fatigue at each of the three other testing time periods at three, six and 12 months.

Participants also had brain scans. Researchers found that the presence of a blot clot on a scan was equal between people with long term fatigue and those without it, so this did not explain the reason for the level of fatigue.




Researchers did find that previous anxiety or depression was twice as common in those participants who reported lasting fatigue.

"Long-term fatigue was common in our group of study participants, and we found if people experience fatigue within two weeks after leaving the hospital, it is likely they will continue to have fatigue for up to a year," said Modrau. "For future studies, people diagnosed with a transient ischemic attack should be followed in the weeks and months that follow to be assessed for lingering fatigue. This could help us better understand who might struggle with fatigue long-term and require further care."

A limitation of the study was that while participants were asked to complete the questionnaires themselves, it is possible some responses may have been completed with assistance from relatives or caretakers and this may have influenced responses, including those around fatigue.

The study was supported by the Danish Physiotherapy Association.
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New nanoparticle could make cancer treatment safer, more effective | ScienceDaily
Researchers have created a new kind of nanoparticle that could make ultrasound-based cancer treatments more effective and safer, while also helping prevent tumors from coming back.


						
The study, published in the journal Nano Letters, explores a way to make high-intensity focused ultrasound less harmful to healthy tissues.

Oregon Health & Science University was the first hospital in Oregon to offer prostate cancer treatment using a robotic-assisted high-intensity focused ultrasound device. Researchers in the OHSU Knight Cancer Institute's Cancer Early Detection Advanced Research Center, or CEDAR, wanted to improve a category of focused ultrasound known as mechanical tumor ablation.

This technique uses energy to destroy solid tumors without surgery. However, using focused ultrasound to treat solid tumors has two major challenges: it usually needs a lot of energy, which can create heat and harm healthy tissue, and even if the tumor is broken up, some cancer cells might survive and allow the cancer to come back.

"In this study, we developed a tiny particle -- about a thousand times smaller than the width of a sheet of paper -- that helps treat cancer more effectively," said Michael Henderson, B.A., the study's co-lead author.

"These nanoparticles are engineered with small bubbles on their surface. When targeted with focused ultrasound, the bubbles pop and release energy that helps destroy tumors more precisely," he said. "The particles are also coated with a special molecule called a peptide, which helps them stick to tumors and enter cancer cells more easily."

To make the therapy even more powerful, the scientists also attached a potent chemotherapy drug to the peptide on the nanoparticle's surface. Li Xiang, Ph.D., a postdoctoral scholar with CEDAR and the study's other co-lead author, describes this method as a "one-two punch."

"The ultrasound physically destroys the tumor, and the drug helps eliminate any leftover cancer cells that might cause the tumor to return," she said.




In preclinical models of human melanoma, this combination led to deeper tumor destruction and more effective drug delivery than either treatment alone.

"Our nanoparticles reduce the energy needed for ultrasound treatment by up to 100-fold," Henderson said. "This allows us to use short ultrasound pulses to disrupt tumors mechanically, without overheating surrounding tissue."

When tested in mice with human melanoma tumors, the combined treatment -- ultrasound plus the drug-loaded nanoparticles -- led to significantly better outcomes than either treatment alone. In some cases, tumors completely disappeared and improved overall survival for more than 60 days with no major side effects observed.

The new platform could eventually be used for other treatments, including infections or cardiovascular disease, where a mix of mechanical and drug therapy could be helpful.

"What began in 2018 as research into nanoparticle-assisted tumor ablation has evolved into a multifunctional platform enabled by simple mixing -- we're now excited to bring this into immunotherapy," said Adem Yildirim, Ph.D., the study's senior author and assistant professor of oncological sciences in the OHSU School of Medicine and the OHSU Knight Cancer Institute. "By combining focused ultrasound with smart drug delivery, we're seeing a promising new way to fight cancer more effectively and reduce the chance of it coming back."

Henderson said future combined treatments, in this case ultrasound and immunotherapy, could help go beyond what each therapy does on its own.
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Energy and memory: A new neural network paradigm | ScienceDaily
Listen to the first notes of an old, beloved song. Can you name that tune? If you can, congratulations -- it's a triumph of your associative memory, in which one piece of information (the first few notes) triggers the memory of the entire pattern (the song), without you actually having to hear the rest of the song again. We use this handy neural mechanism to learn, remember, solve problems and generally navigate our reality.


						
"It's a network effect," said UC Santa Barbara mechanical engineering professor Francesco Bullo, explaining that associative memories aren't stored in single brain cells. "Memory storage and memory retrieval are dynamic processes that occur over entire networks of neurons."

In 1982 physicist John Hopfield translated this theoretical neuroscience concept into the artificial intelligence realm, with the formulation of the Hopfield network. In doing so, not only did he provide a mathematical framework for understanding memory storage and retrieval in the human brain, he also developed one of the first recurrent artificial neural networks -- the Hopfield network -- known for its ability to retrieve complete patterns from noisy or incomplete inputs. Hopfield won the Nobel Prize for his work in 2024.

However, according to Bullo and collaborators Simone Betteti, Giacomo Baggio and Sandro Zampieri at the University of Padua in Italy, the traditional Hopfield network model is powerful, but it doesn't tell the full story of how new information guides memory retrieval. "Notably," they say in a paper published in the journal Science Advances, "the role of external inputs has largely been unexplored, from their effects on neural dynamics to how they facilitate effective memory retrieval." The researchers suggest a model of memory retrieval they say is more descriptive of how we experience memory.

"The modern version of machine learning systems, these large language models -- they don't really model memories," Bullo explained. "You put in a prompt and you get an output. But it's not the same way in which we understand and handle memories in the animal world." While LLMs can return responses that can sound convincingly intelligent, drawing upon the patterns of the language they are fed, they still lack the underlying reasoning and experience of the physical real world that animals have.

"The way in which we experience the world is something that is more continuous and less start-and-reset," said Betteti, lead author of the paper. Most of the treatments on the Hopfield model tended to treat the brain as if it was a computer, he added, with a very mechanistic perspective. "Instead, since we are working on a memory model, we want to start with a human perspective."

The main question inspiring the theorists was: As we experience the world that surrounds us, how do the signals we receive enable us to retrieve memories?




As Hopfield envisioned, it helps to conceptualize memory retrieval in terms of an energy landscape, in which the valleys are energy minima that represent memories. Memory retrieval is like exploring this landscape; recognition is when you fall into one of the valleys. Your starting position in the landscape is your initial condition.

"Imagine you see a cat's tail," Bullo said. "Not the entire cat, but just the tail. An associative memory system should be able to recover the memory of the entire cat." According to the traditional Hopfield model, the cat's tail (stimulus) is enough to put you closest to the valley labeled "cat," he explained, treating the stimulus as an initial condition. But how did you get to that spot in the first place?

"The classic Hopfield model does not carefully explain how seeing the tail of the cat puts you in the right place to fall down the hill and reach the energy minimum," Bullo said. "How do you move around in the space of neural activity where you are storing these memories? It's a little bit unclear."

The researchers' Input-Driven Plasticity (IDP) model aims to address this lack of clarity with a mechanism that gradually integrates past and new information, guiding the memory retrieval process to the correct memory. Instead of applying the two-step algorithmic memory retrieval on the rather static energy landscape of the original Hopfield network model, the researchers describe a dynamic, input-driven mechanism.

"We advocate for the idea that as the stimulus from the external world is received (e.g., the image of the cat tail), it changes the energy landscape at the same time," Bullo said. "The stimulus simplifies the energy landscape so that no matter what your initial position, you will roll down to the correct memory of the cat." Additionally, the researchers say, the IDP model is robust to noise -- situations where the input is vague, ambiguous, or partially obscured -- and in fact uses the noise as a means to filter out less stable memories (the shallower valleys of this energy landscape) in favor of the more stable ones.

"We start with the fact that when you're gazing at a scene your gaze shifts in between the different components of the scene," Betteti said. "So at every instant in time you choose what you want to focus on but you have a lot of noise around." Once you lock into the input to focus on, the network adjusts itself to prioritize it, he explained.

Choosing what stimulus to focus on, a.k.a. attention, is also the main mechanism behind another neural network architecture, the transformer, which has become the heart of large language models like ChatGPT. While the IDP model the researchers propose "starts from a very different initial point with a different aim," Bullo said, there's a lot of potential for the model to be helpful in designing future machine learning systems.

"We see a connection between the two, and the paper describes it," Bullo said. "It is not the main focus of the paper, but there is this wonderful hope that these associative memory systems and large language models may be reconciled."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250514164320.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How we think about protecting data | ScienceDaily
How should personal data be protected? What are the best uses of it? In our networked world, questions about data privacy are ubiquitous and matter for companies, policymakers, and the public.


						
A new study by MIT researchers adds depth to the subject by suggesting that people's views about privacy are not firmly fixed and can shift significantly, based on different circumstances and different uses of data.

"There is no absolute value in privacy," says Fabio Duarte, principal research scientist in MIT's Senseable City Lab and co-author of a new paper outlining the results. "Depending on the application, people might feel use of their data is more or less invasive."

The study is based on an experiment the researchers conducted in multiple countries using a newly developed game that elicits public valuations of data privacy relating to different topics and domains of life.

"We show that values attributed to data are combinatorial, situational, transactional, and contextual," the researchers write.

The paper, "Data Slots: tradeoffs between privacy concerns and benefits of data-driven solutions," is published in Nature: Humanities and Social Sciences Communications. The authors are Martina Mazzarello, a postdoc in the Senseable City Lab; Duarte; Simone Mora, a research scientist at Senseable City Lab; Cate Heine PhD '24 of University College London; and Carlo Ratti, director of the Senseable City Lab.

The study is based around a card game with poker-type chips the researchers created to study the issue, called Data Slots. In it, players hold hands of cards with 12 types of data -- such as a personal profile, health data, vehicle location information, and more -- that relate to three types of domains where data are collected: home life, work, and public spaces. After exchanging cards, the players generate ideas for data uses, then assess and invest in some of those concepts. The game has been played in-person in 18 different countries, with people from another 74 countries playing it online; over 2,000 individual player-rounds were included in the study.




The point behind the game is to examine the valuations that members of the public themselves generate about data privacy. Some research on the subject involves surveys with pre-set options that respondents choose from. But in Data Slots, the players themselves generate valuations for a wide range of data-use scenarios, allowing the researchers to estimate the relative weight people place on privacy in different situations.

The idea is "to let people themselves come up with their own ideas and assess the benefits and privacy concerns of their peers' ideas, in a participatory way," Ratti explains.

The game strongly suggests that people's ideas about data privacy are malleable, although the results do indicate some tendencies. The data privacy card whose use players most highly valued was for personal mobility; given the opportunity in the game to keep it or exchange it, players retained it in their hands 43 percent of the time, an indicator of its value. That was followed in order by personal health data, and utility use. (With apologies to pet owners, the type of data privacy card players held on to the least, about 10 percent of the time, involved animal health.)

However, the game distinctly suggests that the value of privacy is highly contingent on specific use-cases. The game shows that people care about health data to a substantial extent but also value the use of environmental data in the workplace, for instance. And the players of Data Slots also seem less concerned about data privacy when use of data is combined with clear benefits. In combination, that suggests a deal to be cut: Using health data can help people understand the effects of the workplace on wellness.

"Even in terms of health data in work spaces, if they are used in an aggregated way to improve the workspace, for some people it's worth combining personal health data with environmental data," Mora says.

Mazzarello adds: "Now perhaps the company can make some interventions to improve overall health. It might be invasive, but you might get some benefits back."

In the bigger picture, the researchers suggest, taking a more flexible, user-driven approach to understanding what people think about data privacy can help inform better data policy. Cities -- the core focus on the Senseable City Lab -- often face such scenarios. City governments can collect a lot of aggregate traffic data, for instance, but public input can help determine how anonymized such data should be. Understanding public opinion along with the benefits of data use can produce viable policies for local officials to pursue.

"The bottom line is that if cities disclose what they plan to do with data, and if they involve resident stakeholders to come up with their own ideas about what they could do, that would be beneficial to us," Duarte says. "And in those scenarios, people's privacy concerns start to decrease a lot."
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Duchenne muscular dystrophy gene therapy | ScienceDaily
To help neurologists, clinicians and families understand the current evidence for a new gene therapy for Duchenne muscular dystrophy called delandistrogene moxeparvovec, the American Academy of Neurology (AAN) has issued an Evidence in Focus article, published May 14, 2025, online in Neurology(r).


						
AAN Evidence in Focus articles highlight the strength of the current evidence for new therapies for neurological conditions. Their purpose is not to provide recommendations for practice, but rather to provide an overview of the available data and a framework to support care. This article reviews evidence available for the efficacy and safety of delandistrogene moxeparvovec.

Duchenne muscular dystrophy, which primarily affects those of male sex, is an inherited genetic condition that causes muscle weakness. Symptoms usually appear between the ages of two and four and become more severe over time. People with this disease are missing a protein called dystrophin that helps maintain muscle health.

Delandistrogene moxeparvovec is a one-time gene therapy infusion approved by the Food and Drug Administration in June 2024 for use in those age four and older. The therapy uses a disabled virus to inject a miniaturized version of the gene that makes a small form of dystrophin into the muscle cells.

"While the prognosis for individuals with Duchenne muscular dystrophy has improved in recent decades thanks to corticosteroids and supportive care, significant functional limitations persist for those affected by the condition," said author Maryam Oskoui, MD, of McGill University in Quebec, Canada, and a Fellow of the American Academy of Neurology. "Recent advances in genetic therapies for this disease have brought hope to many, with several gene replacement therapies currently being evaluated in clinical trials, and one -- delandistrogene moxeparvovec -- already approved by the FDA. This Evidence in Focus article offers a timely and objective overview of the existing data and explores key clinical considerations surrounding the use of delandistrogene moxeparvovec. However, it is important to acknowledge that evidence supporting its potential effectiveness and safety remains limited."

The Evidence in Focus article states that both Class I studies of delandistrogene moxeparvovec failed to meet their primary outcome measures related to motor function, a person's ability to control movements.

Research showed the therapy may possibly slow the decline of other measures of motor function by a small amount. However, the article states it is difficult to know how much of this benefit is due to the gene therapy and how much may additionally be influenced by the high dose steroid medications that are taken with the therapy.




The article highlights that neurologists and other clinicians treating people with Duchenne muscular dystrophy should be aware of the limitations of this treatment and the need to monitor and counsel patients for side effects including muscle inflammation and related muscle pain and weakness, heart inflammation, low blood platelet count, liver injury and possible death.

Based on the current research, it has yet to be determined whether the therapy will extend a person's life or improve their quality of life. The therapy does not cure Duchenne muscular dystrophy.

Those considering this gene therapy should ask their doctor if insurance will pay for the treatment. The one-time infusion costs $3.2 million, not including other costs related to the infusion in the hospital and the close follow-up required.

"Additional clinical studies that closely follow people receiving this treatment are essential to determine the short- and long-term effectiveness of delandistrogene moxeparvovec and to inform the understanding of the benefits and risks of this therapy across a person's lifetime," said author James J. Dowling, MD, PhD, of the University of Pennsylvania in Philadelphia, and a member of the American Academy of Neurology.

The article was developed with financial support from the American Academy of Neurology.
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Sharp depletion in soil moisture drives land water to flow into oceans, contributing to sea level rise | ScienceDaily
The increasing frequency of once-in-a-decade agricultural and ecological drought has underscored the urgency of studying hydrological changes. A research team from the Department of Land Surveying and Geo-informatics of The Hong Kong Polytechnic University (PolyU) has collaborated with international experts to analyse the estimated changes in land water storage over the past 40 years by utilising space geodetic observation technology and global hydrological change data. This innovative method has revealed a rapid depletion in global soil moisture, resulting in a significant amount of water flowing into the oceans, leading to a rise in sea levels. The research provides new insights into the driving factors behind the alarming reduction in terrestrial water storage and rise in sea levels. The findings have been published in the international journal Science.


						
Since polar motion reflects mass redistribution within the Earth system, integrating models and observations across the atmosphere, hydrosphere and lithosphere is crucial. However, previous challenges in measuring terrestrial water storage, particularly groundwater and root zone soil moisture, limited understanding of hydrological depletion at continental scales. Prof. Jianli CHEN, Professor of the PolyU Department of Land Surveying and Geo-informatics and core member of the Research Institute for Land and Space and the international team employed satellite altimetry and gravity missions, including the Gravity Recovery and Satellite Experiment (GRACE), and GRACE Follow-On, to enable continental-scale observations of terrestrial water storage variations. By integrating this with global mean sea levels and polar motion data, the team has explored terrestrial water storage depletion patterns. Notably, this study introduced novel methods for estimating global soil moisture, which improves the accuracy of continental and global scale modeling to enable a more effective understanding of soil moisture variations under climate change.

The melting of Greenland's ice sheet is recognised as the largest single contributor to the rise in global sea levels, adding approximately 0.8mm annually. This study reveals that between 2000 and 2002, the global terrestrial water storage significantly declined, with a total of 1,614 billion tons of water lost to the oceans, which is twice as much as resulting from the current melting of Greenland ice, and equivalent to a 4.5mm rise in sea levels. Since then, the rapid loss of terrestrial water storage has been followed by a more gradual but continuous depletion, with no signs of recovery.

In addition, compared to the period from 1979 to 1999, a notable decline in global average soil moisture was observed from 2003 to 2021. Between 2003 and 2011, the Earth's pole shifted 58cm toward 93deg East Longitude, demonstrating that the continued decline in soil moisture is leading to a reduction in terrestrial water storage.

The team also pointed out that precipitation deficits and stable evapotranspiration caused by global warming, changing rainfall patterns and increasing ocean temperatures are likely the key factors for the abrupt decline in terrestrial water storage. The ERA5-Land soil moisture data of the European Centre for Medium-Range Weather Forecasts' corroborates these findings, showing substantial terrestrial water storage losses in Africa, Asia, Europe, and South America. In Asia and Europe, the affected areas expanded from northeastern Asia and eastern Europe to broader regions across East and Central Asia, as well as Central Europe, following the sharp water storage depletion observed between 2000 and 2002.

With increasing agricultural irrigation in regions such as northeast China and the western United States, and global greening, soil moisture may further diminish in semi-arid areas with intensive agriculture and high levels of greening. The team suggests the need for improved land surface models which consider these factors for a more comprehensive understanding of long- term changes in terrestrial water storage.

Prof. Jianli Chen said, "Sea level change and Earth rotation serve as indicators of large-scale mass changes in the Earth system. Accurately measured sea level change and variation in Earth rotation provide a unique tool for monitoring large-scale mass changes in the global water cycle. By integrating multiple modern space geodetic observations, it enables comprehensive analysis of the driving factors behind changes in terrestrial water storage and sea level rise. This, in turn, provides reliable data for climate and Earth system science experts to further investigate drought issues, aiding authorities in formulating water resource management and climate change mitigation strategies to address new challenges posed by climate change."
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The key to spotting dyslexia early could be AI-powered handwriting analysis | ScienceDaily
A new University at Buffalo-led study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.


						
The work, presented in the journal SN Computer Science, aims to augment current screening tools which are effective but can be costly, time-consuming and focus on only one condition at a time.

It could eventually be a salve for the nationwide shortage of speech-language pathologists and occupational therapists, who each play a key role in diagnosing dyslexia and dysgraphia.

"Catching these neurodevelopmental disorders early is critically important to ensuring that children receive the help they need before it negatively impacts their learning and socio-emotional development. Our ultimate goal is to streamline and improve early screening for dyslexia and dysgraphia, and make these tools more widely available, especially in underserved areas," says the study's corresponding author Venu Govindaraju, PhD, SUNY Distinguished Professor in the Department of Computer Science and Engineering at UB.

The work is part of the National AI Institute for Exceptional Education, which is a UB-led research organization that develops AI systems that identify and assist young children with speech and language processing disorders.

Builds upon previous handwriting recognition work

Decades ago, Govindaraju and colleagues did groundbreaking work employing machine learning, natural language processing and other forms of AI to analyze handwriting, an advancement the U.S. Postal Service and other organizations still use to automate the sorting of mail.




The new study proposes similar a framework and methodologies to identify spelling issues, poor letter formation, writing organization problems and other indicators of dyslexia and dysgraphia.

It aims to build upon prior research, which has focused more on using AI to detect dysgraphia (the less common of the two conditions) because it causes physical differences that are easily observable in a child's handwriting. Dyslexia is more difficult to spot this way because it focuses more on reading and speech, though certain behaviors like spelling offers clues.

The study also notes there is a shortage of handwriting examples from children to train AI models with.

Collecting samples from K-5 students

To address these challenges, a team of UB computer scientists led by Govindaraju gathered insight from teachers, speech-language pathologists and occupational therapists to help ensure the AI models they're developing are viable in the classroom and other settings.

"It is critically important to examine these issues, and build AI-enhanced tools, from the end users' standpoint," says study co-author Sahana Rangasrinivasan, a PhD student in UB's Department of Computer Science and Engineering.




The team also partnered with study co-author Abbie Olszewski, PhD, associate professor in literacy studies at the University of Nevada, Reno, who co-developed the Dysgraphia and Dyslexia Behavioral Indicator Checklist (DDBIC) to identify symptoms overlapping between dyslexia and dysgraphia.

The team collected paper and tablet writing samples from kindergarten through 5th grade students at an elementary school in Reno. This part of the study was approved by an ethics board, and the data was anonymized to protect student privacy.

They will use this data to further validate the DDBIC tool, which focuses on 17 behavioral cues that occur before, during and after writing; train AI models to complete the DDBIC screening process; and compare how effective the models are compared to people administering the test.

Work emphasizes AI for public good

The study describes how the team's models can be used to:
    	Detect motor difficulties by analyzing writing speed, pressure and pen movements.
    	Examine visual aspects of handwriting, including letter size and spacing.
    	Convert handwriting to text, spotting misspellings, letter reversals and other errors.
    	Identify deeper cognitive issues based on grammar, vocabulary and other factors.

Finally, it discusses a tool that combines all these models, summarizes their findings, and provides a comprehensive assessment.

"This work, which is ongoing, shows how AI can be used for the public good, providing tools and services to people who need it most," says study co-author Sumi Suresh, PhD, a visiting scholar at UB.

Additional co-authors include Bharat Jayarman, PhD, director of the Amrita Institute of Advanced Research and professor emeritus in the UB Department of Computer Science and Engineering; and Srirangaraj Setlur, principal research scientist at the UB Center for Unified Biometrics and Sensors.
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Tiny gas bubbles reveal secrets of Hawaiian volcanoes | ScienceDaily
Using advanced technology that analyzes tiny gas bubbles trapped in crystal, a team of scientists led by Cornell University has precisely mapped how magma storage evolves as Hawaiian volcanoes age.


						
Geologists have long proposed that, as the Hawaiian Islands slowly drift northwest with the Pacific Plate, they move away from a deep, heat-rich plume rising from near Earth's core. Young volcanoes like Kilauea -- positioned directly above the hotspot on Hawaii's main island -- receive a steady flow of magma. Far less is known about older volcanoes like Haleakala -- located northwest on the island of Maui -- where magma flow has significantly diminished.

The new research finds that as volcanoes move off the hotspot, their magma flow not only shrinks, but shifts deeper underground, reshaping assumptions about how Hawaii's volcanic "pluming system" has evolved.

"This challenges the old idea that eruptions are fueled by magma stored in the Earth's crust and suggests a new possibility," said lead author Esteban Gazel, "that magma is stored and matures in the Earth's mantle, and eruptions are fueled from this deep mantle reservoir."

By analyzing fluid inclusions -- tiny gas bubbles trapped inside crystals formed in magma -- the researchers calculated the pressure, and therefore the depth, at which the inclusions were trapped before an explosive eruption ejects them to the surface.

"The technology allows us to measure pressure from depths with an uncertainty as small as just hundreds of meters, which is very, very precise for depths that are tens of kilometers below the surface," Gazel said. "Before this, measuring magma storage was much more difficult, with uncertainties that could span kilometers."

To achieve such level of precision, researchers optimized a custom gas chamber that fits under a laser-based Raman spectrometer.

"Our contribution to significantly increase accuracy was to get the thermocouple inside the chamber and precisely control and measure temperature and pressure," Gazel said. By analyzing carbon dioxide behavior, researchers can determine its density and calculate the original depth of magma storage, he added.

The method was applied to samples from three Hawaiian volcanoes representing different evolutionary stages:
    	Kilauea, an active "shield" volcano, showed magma storage at shallow depths of 1-2 kilometers, consistent with previous findings;
    	Haleakala, in the post-shield stage, revealed dual storage zones: one shallow at approximately 2 kilometers and one deep at 20-27 kilometers in the Earth's mantle; and
    	Diamond Head, a rejuvenation-stage volcanic vent on the island of O'ahu, showed magma stored around 22-30 kilometers deep, all within the Earth's mantle.

"Knowing these depths precisely matters, because to understand the drivers of eruptions, one of the most important constraints is where magma is stored," Gazel said. "That is fundamental for physical models that will explain eruptive processes and is required for volcanic risk assessment."
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Climate change is turning coastal lagoons into 'salty soup' | ScienceDaily
The impacts of human activity and climate change are coalescing to make coastal lagoons saltier, changing the microbial life they support and the function they play in their ecosystems, according to new University of Adelaide research.


						
Coastal lagoons are critical ecosystems that provide essential habitats and ecosystem services, including carbon sequestration, nutrient cycling, and fisheries support.

"Under normal conditions, lagoons act as nurseries for fish and crustaceans, they are internationally important feeding grounds for migratory birds, and they protect coasts from storm surges," says the University's Dr Chris Keneally.

"Their microbial makeup is what makes this happen, recycling nutrients and fostering this high productivity, allowing diverse plant and animal life to flourish.

"However, a single hot, dry summer, like the one we have recently experienced, can completely shift this important habitat into a salty, green soup, leading to the microbes becoming less diverse and those that are salt-tolerant becoming more dominant.

"Key processes, such as nitrification, de-nitrification, and carbon cycling are then disrupted, altering nutrient retention, organic matter decomposition, and greenhouse gas emissions."

The trend of hypersalinity in coastal lagoons is global, occurring most often in arid and semi-arid coastal lagoons, such as those in Australia, the Mediterranean and the Persian Gulf. The phenomenon has accelerated in Australia over the last 40 years.




"The rise in salinity can be attributed to elevated temperatures, enhanced evaporation, reduced rain and freshwater inputs, and rising sea levels," says Dr Keneally, whose recent study was published in Earth-Science Reviews.

"Human factors such as upstream water diversions, urbanisation and development, and groundwater depletion also reduce freshwater inflow to coastal lagoons.

"We can mitigate the impacts of these activities by restoring environmental flows. Allocating water for the environment can maintain lagoon flushing, and nutrient runoff can be reduced by upgrading wastewater plants, re-establishing wetlands, and increasing efforts to retain nutrients in our agricultural lands throughout catchments worldwide.

"To buffer the effects of drought or sea-level rise, we could also re-open closed tidal inlets to improve mixing, or improving salt tolerant vegetation coverage to trap sediment and slow evaporation."

A lagoon can bounce back surprisingly fast when appropriately flushed. After the record 2022 Murray-Darling floods, South Australia's Coorong Lagoon's microbiome shifted back toward its healthier, more diverse state within months, demonstrating that timely freshwater inputs can rapidly reverse 'salty soup' conditions.

Addressing high salinity and nutrient pollution in lagoons benefits the ecosystems they serve while mitigating human health impacts.

"Fish kills hurt local fisheries, algae blooms may produce toxins or airborne irritants, and lost seagrass can weaken coastal flood protection," says Dr Keneally.

"Emerging research also suggests degradation can make these ecosystems a source of potent greenhouse emissions, adding to climate impacts felt well beyond the shoreline."
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Dexterity and climbing ability: how ancient human relatives used their hands | ScienceDaily
Scientists have found new evidence for how our fossil human relatives in South Africa may have used their hands. Research led by Samar Syeda, postdoctoral researcher at the American Museum of Natural History, together with scientists at the Max Planck Institute for Evolutionary Anthropology, the University of the Witwatersrand, University of Kent, Duke University and the National Geographic Society, investigated variation in finger bone morphology to determine that South African hominins not only may have had different levels of dexterity, but also different climbing abilities.


						
To the point
    	Different hand use: Two ancient human relatives, Australopithecus sediba and Homo naledi, had different finger bone morphologies that indicate they used different types of hand grips, both when using tools and when climbing
    	Internal structure of the finger bones: A. sediba had a mix of ape-like and human-like features, while H. naledi had a unique pattern of bone thickness, suggesting different loading patterns and possible grip types.
    	Human Evolution: Ancient human relatives adapted to their environments in diverse ways, balancing tool use, food processing, and locomotion, challenging the traditional view of a single, linear transition from upright walking to advanced tool use.

This new research focuses on two, almost complete fossil hand skeletons found in South Africa. One is the hand of Australopithecus sediba, first discovered in 2010 at the site of Malapa and dated to approximately two million years old. The other hand skeleton is from the more recent, but perhaps more enigmatic, Homo naledi, first found in 2015 deep within the Rising Star Cave system and dated to around 250,000 years ago.

Neither hominin has yet been found in direct association with stone tools, but several aspects of their hand and wrist morphology suggest that they had a degree of hand dexterity much more similar to that of humans than to living chimpanzees or gorillas. "Since stone tools are found in South Africa by at least 2.2 million years ago (and in East Africa by as early as 3.3 million years ago), and many primates are all excellent stone tool users, it is not surprising that A. sediba and H. naledi would be dexterous tool users as well. However, how exactly they used tools and if they manipulated their tools in similar ways is unclear," says senior author, Tracy Kivell.

Moreover, both A. sediba and H. naledi are also found with many other bones of their skeleton that preserve ape-like features, particularly bones of their upper limbs, that would be advantageous for climbing. If these features reflect actual climbing in these individuals or are simply evolutionary hold-overs from an ancestor that climbed, is a longstanding debate in palaeoanthropology.

Fossil hands reveal ancient human behavior

To help address these questions, Syeda and her colleagues investigated variation in the internal structure -- the cortical bone -- of the fingers in A. sediba and H. naledi. Bone is a living tissue that can adapt its structure in response to how we use and load our skeleton during life, getting thicker where loads are higher and thinner where loads are lower. Therefore, variation in the internal cortical thickness can provide new insights in how these two hominin fossils may have actually used their hands during their lifetimes.




"We found that A. sediba and H. naledi show different functional signals in the cortical bone structure of their fingers," says Samar Syeda, lead author of the study. In A. sediba, the distribution of the cortical bone within the proximal and intermediate phalanges of most of its fingers is like that of apes. However, bones of its thumb and pinky finger are more like those of humans. Syeda concludes that "these two digits are more likely to reflect potential signals of manipulation because they are less often used or experience less load during climbing or suspensory locomotion. When we combine these results with the remarkably long, human-like thumb of A. sediba, it suggests that A. sediba used its hand for both tool use and other dexterous behaviours, as well as climbing."

Homo naledi's hands show unique grip pattern

H. naledi, in contrast, is unusual in showing a human-like signal in its proximal phalanges (the bones that articulate with the palm) but an ape-like signal in its intermediate phalanges (the bones within the middle of the fingers). "This distinct pattern was unexpected and indicates that H. naledi likely used and loaded different regions of its fingers in different ways," says Syeda. This kind of loading pattern is typical of only certain grip types used today, like crimp grips, used often by rock climbers, where the surface is grasped primarily by just the tips of the fingers. H. naledi also has unusually highly curved finger bones, particularly for a hominin that lived at the same time as the earliest members of our species, Homo sapiens, which is another indication that it used its hands for locomotion.

While more research is needed to further test if H. naledi may have used crimp-like grips or climbed rocks, it is clear that throughout human evolution there were different ways of combining enhanced dexterity for tool use and food processing with the continued need to use the hands to climb, be it trees or rocks, within the South African palaeolandscape. "This work offers yet more evidence that human evolution is not a single, linear transition from upright walking to increasingly better tool use, but is rather characterized by different 'experiments' that balanced the need to both manipulate and to move within these past environments," says Kivell.
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Handy octopus robot can adapt to its surroundings | ScienceDaily
Scientists inspired by the octopus's nervous system have developed a robot that can decide how to move or grip objects by sensing its environment.


						
The team from the University of Bristol's Faculty of Science and Engineering designed a simple yet smart robot which uses fluid flows of air or water to coordinate suction and movement as octopuses do with hundreds of suckers and multiple arms.

The study, published today in the journal Science Robotics, shows how a soft robot can use suction flow not just to stick to things, but also to sense its environment and control its own actions -- just like an octopus. A single suction system enables the robot to grab delicate items, sense whether it's touching air, water, or a rough surface, and even predict how hard something is pulling on it -- all at once, without needing a central computer.

Lead author Tianqi Yue explained: "Last year, we developed an artificial suction cup that mimicked how octopuses stick to rocks using soft materials and water sealing.

"This research brings that work on, from using a suction cup like an octopus sucker to connect to objects to using 'embodied suction intelligence' -- mimicking key aspects of the neuromuscular structure of the octopus in soft robotic systems."

The suction intelligence works at two levels: by coupling suction flow with local fluidic circuitry, soft robots can achieve octopus-like low-level embodied intelligence, including gently grasping delicate objects, adaptive curling and encapsulating objects of unknown geometries. By decoding the pressure response from a suction cup, robots can achieve high-level perception including contact detection, classification of environment and surface roughness, as well as prediction of interactive pulling force.

This simple and low-cost suction intelligence could lead to a new generation of soft robots that are safer, smarter and more energy-efficient. Potential uses include picking fruit gently in agriculture, handling fragile items in factories, anchoring medical tools inside the human body, or creating soft toys and wearable tools that can interact safely with people.

The team are currently working on making the system smaller and more robust for real-world use. They also aim to combine it with smart materials and AI to improve its adaptability and decision-making in complex environments.

"It's fascinating how a simple suction cup, with no electronics inside, can feel, think and act -- just like an octopus arm," concluded Tianqi. "This could help robots become more natural, soft and intuitive to use."
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The ripple effect of small earthquakes near major faults | ScienceDaily
When we think of earthquakes, we imagine sudden, violent shaking. But deep beneath the Earth's surface, some faults move in near silence. These slow, shuffling slips and their accompanying hum -- called tremors -- don't shake buildings or make headlines. But scientists believe they can serve as useful analogs of how major earthquakes begin and behave.


						
A new study by geophysicists at UC Santa Cruz explains how some of these tremor events can yield insights into how stress builds up on the dangerous faults above where major earthquakes occur. The study, to be published on May 14 in the journal Science Advances, was led by Gaspard Farge, a postdoctoral researcher in the university's Seismo Lab, and Earth and planetary sciences professor Emily Brodsky, the lab's principal investigator.

When faults where tectonic plates meet slip fast past each other, earthquakes result. Tremors are produced when this happens slowly, usually tens of miles underground -- often in subduction zones, where one plate dives beneath another. Tremors don't pose immediate danger, but they also shouldn't be ignored because they often happen in the vicinity of where the world's biggest earthquakes eventually occur, say the study's authors.

"We find that the faults that produce tremor are more sensitive and connected to their surroundings than previously thought," said Farge, who researches what processes shape minute seismic activity. "Even small, frequent earthquakes can affect how a major fault behaves."

Chaotic effect of small quakes

Farge and Brodsky discovered that small earthquakes, even those tens of kilometers away from the main fault, can disturb a tremor's natural rhythm. As a patch of the fault begins to slip, it usually nudges its neighbors along for the ride -- leading to large, synchronized tremor episodes. But when small quakes send seismic waves rippling through the area, they can throw off that coordination.

These outside disturbances can either speed up or delay tremor activity, depending on timing and location. And because small earthquakes happen far more often than large ones, they may constantly jostle the system out of synchrony.




Over time, this could explain why some segments of a fault show highly regular tremor patterns -- slipping in coordinated episodes -- while others remain chaotic. The segments aren't just shaped by the rocks underground, a marble here, granite there; they also adapt to the constant perturbation from nearby seismic activity.

The dynamic Northwest

This pattern is evident in the Cascadia subduction zone, which extends from Northern California, through Oregon and Washington, to British Columbia. The zone produces extensive tremor activity and very large earthquakes on a 400-year basis. Across Oregon, the subduction is almost silent -- and without perturbation from earthquakes -- the plate slips like a clock, every year and a half in a section hundreds of kilometers long, tremor producing events.

In Northern California, however, the activity of small earthquakes near Cape Mendocino disturbs the regularity of the fault, and the tremor is produced in small, disorganized episodes.

Scientists have known that the shape and makeup of a fault zone -- the rock types, temperature, water content, and even the slope of the sinking plate -- all help define how and where a tremor happens. These are called structural factors, and they affect how sticky the fault is and how easily it slips.

But this new study introduces a twist: dynamic factors, like the stress waves from small earthquakes nearby, may also shape when and where tremor happens -- and whether it occurs in a smooth, predictable way or in a scattered, messy fashion.




"These findings go beyond tremors. By showing how small earthquakes can affect the timing and behavior of slow fault movements, this discovery opens up new ways to understand the buildup to large, damaging earthquakes," said Brodsky, a leading earthquake physicist. "If we can track how a tremor responds to these small stress nudges, it may be possible to read the stress landscape of a fault -- offering clues about where and when it might rupture in a big way."

Quake magnitude isn't everything

This study shifts our understanding of a common assumption: that only large forces shape the behavior of major earthquake faults. In fact, tiny, nearby quakes -- usually considered too small to matter -- may play an outsized role in defining where and how the Earth's plates slip past one another. That means that by listening to the Earth's quietest rumbles, we may be able to learn how to better anticipate its loudest ones.

"Ultimately," Brodsky said, "this study proposes a way to measure the elusive dynamic factors that influence how fault slips -- the stress landscape that informs how stress is built up on these dangerous faults."

"The fact that we can measure and understand the effects of earthquakes' perturbation on slow fault ruptures gives us hope that we could use the same logic to understand where earthquakes should be expected to be regular, and where not," Farge concludes.
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'Sweet spot' for focused ultrasound to provide essential tremor relief | ScienceDaily
For millions of people around the world with essential tremor, everyday activities from eating and drinking to dressing and doing basic tasks can become impossible. This common neurological movement disorder causes uncontrollable shaking, most often in the hands, but it can also occur in the arms, legs, head, voice, or torso. Essential tremor impacts an estimated 1 percent of the worldwide population and around 5 percent of people over 60. Investigators from Mass General Brigham identified a specific subregion of the brain's thalamus that, when included during magnetic resonance-guided focused ultrasound (MRgFUS) treatment, can result in optimal and significant tremor improvements while reducing side effects. Their results are published in Science Advances.


						
"This one-time, noninvasive treatment can have immediate, long-lasting and lifechanging effects for patients and was pioneered here at Brigham and Women's Hospital 30 years ago," said co-senior author G. Rees Cosgrove, MD, FRCSC, director of functional neurosurgery at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "The results of this study will help make the procedure even more safe and effective than it already is and will help other centers around the world improve their outcomes."

MRgFUS treatment of essential tremor creates a small, permanent lesion in a specific nucleus in the thalamus that is thought to be part of the brain circuit mediating the disorder and disrupts the tremor-causing activity. The research team analyzed data from 351 thalamotomy patients that were treated across three international hospitals, the largest cohort assessed to date, to identify the optimal location for this procedure and better understand its impacts on clinical improvements and side effects.

The study identified a set of optimal sites and brain connections to target, as well as locations and connections to avoid that lead to side effects. The team then tested whether this 'sweet spot' could be used as a model to predict the outcomes in a cohort of patients treated with the same procedure at another center, which proved true. The more the 'sweet spot' was lesioned, the better the outcome was in all patients' one-year, post-procedure comparison data. According to the researchers, when thalamotomy patients have good tremor control at one year, it is typically sustained over multiple years.

"Seeing how this procedure can make such a huge impact on patients' lives is what motivated me to pursue this research," said lead author Melissa Chua, MD, a senior resident in the Brigham's Department of Neurosurgery. "It is very exciting to have such robust validation and to be moving toward this treatment becoming even more precise and personalized in the future."

Next, the team plans to further analyze patient data to present a more detailed picture of the evolution of this technology and how patient outcomes have improved, to fully understand the parameters that go into achieving long-term tremor control and minimized side effects.

"It is incredible when you can provide a patient with relief from these tremors," Cosgrove said. "It is like a gift when patients who have not been able to sing, speak in public, write, or even drink from a cup for years can once again do so -- we see it in case after case."
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Microplastics in Texas bays are being swept out to sea | ScienceDaily
From tiny pellets to creepy wave-battered baby dolls, the Texas coast is a notable hot spot for plastic debris.


						
But when researchers from The University of Texas at Austin went searching for microplastics in sediments pulled from the bottom of Matagorda Bay and its surrounding inlets, they didn't find much.

Most of their samples contained only tens to hundreds of microplastic particles for each kilogram of sediment. This is hundreds to thousands of times less than other bayside environments around the world.

Their findings, which were published in Environmental Science & Technology, suggest that rather than settling at the bottom of the bay, microplastics are being swept out to the wider Gulf of Mexico.

That's a problem, according to researchers at the UT Jackson School of Geosciences who led the research. Once in the open water, the microplastics can absorb chemicals from the surrounding environment and can build up in the bodies of migratory birds, sea life -- and eventually humans.

"It's good that the bay is not a microplastic dump or hotspot," said study co-author Cornel Olariu, a research associate professor in the Jackson School's Department of Earth and Planetary Sciences. "But the bad thing is they move around much easier than we thought ... and they're a threat to everything up to us."

The study is the first time that researchers have examined the prevalence of microplastics in Texas bay sediments. The results provide important baseline data. They also show that since the bay is not retaining microplastics, more research is needed on where they're off to next.




"We as geoscientists are applying our understanding of sediment transport to understanding where these contaminated particles are being deposited or concentrating in these coastal systems," said the study's lead author William Bailey, a graduate student at the Jackson School. "We can figure out where particles might be routed."

Bailey is using the data collected in this study to make a model for where the microplastics from the Matagorda Bay area may be heading.

The research is part of a new field of geosciences called "environmental sedimentology." This field treats microplastic fragments like sediment grains from rock. Researchers in this field are interested in where the fragments originate, how they travel in the environment, and where they end up.

For this study, researchers took 122 sediment samples from Matagorda Bay, East Matagorda Bay., and San Antonio Bay. They then took the samples back to the lab to separate out microplastic fibers and fragments from the surrounding mud. Throughout the project, the researchers had to take care not to introduce plastic waste of their own. That involved wearing clothing made from natural fibers, lining sample bags with foil, and using custom-blown glassware for filtering the samples.

Humans produce a lot of microplastic waste. One microfiber fleece jacket sheds about 6 million fibers with every wash, said Bailey. What's more, Matagorda Bay is home to a plastics factory that produces plastic pellets -- commonly called "nurdles" -- that serve as a feedstock for plastic products.

With that in mind, the researchers said it wasn't surprising that they found the most microplastics in samples that were taken closer inland. However, the microplastics dispersed throughout the environment without a clear correlation to surrounding sediment grain size, organic matter, water depth or distance from the shoreline. These are factors that usually influence the transport of geologic sediments.




The researchers point to the plastic's low density and the bay's windy and shallow environment to explain why the microplastics are so easily swept out to sea. With water not much more than 13 feet deep, high winds and hurricanes are constantly reworking sediment at the bottom of the bay, the researchers said.

Microplastics are a ubiquitous global pollutant, and the scientific community is playing catch up when it comes to measuring their abundance and influence, said Jace Tunnell, the founder of the citizen science initiative Nurdle Patrol that tracks plastic pellets.

There is currently no standardized method for analyzing microplastics in environmental samples. Tunnell, who was not involved with the research, said that this study provides much-needed data about microplastics on the Texas coast.

"The work that UT and other research institutions are doing, it's so important because if nobody's looking into this stuff, there's no way to ever say that there's a problem," said Tunnell, who also serves as the director of Community Engagement at Texas A&M University-Corpus Christi's Harte Research Institute. "Hopefully, when we know there's a problem, there are actual solutions that can be developed."

The research was funded by the Matagorda Mitigation Trust and the Jackson School of Geosciences. Jackson School Professor David Mohrig is a co-author on the study.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250514132244.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Fossil tracks show reptiles appeared on Earth up to 40 million years earlier | ScienceDaily
The origin of reptiles on Earth has been shown to be up to 40 million years earlier than previously thought -- thanks to evidence discovered at an Australian fossil site that represents a critical time period.


						
Flinders University Professor John Long and colleagues have identified fossilised tracks of an amniote with clawed feet -- most probably a reptile -- from the Carboniferous period, about 350 million years ago.

"Once we identified this, we realised this is the oldest evidence in the world of reptile-like animals walking around on land -- and it pushes their evolution back by 35-to-40 million years older than the previous records in the Northern Hemisphere," says Professor Long, Strategic Professor in Palaeontology at Flinders.

Published today in the journal Nature, this discovery indicates that such animals originated in the ancient southern supercontinent of Gondwana, of which Australia was a central part

The fossil tracks, discovered in the Mansfield district of northern Victoria in Australia, were made by an animal that Professor Long predicts would have looked like a small, stumpy, Goanna-like creature.

"The implications of this discovery for the early evolution of tetrapods are profound," says Professor Long.

"All stem-tetrapod and stem-amniote lineages must have originated during the Devonian period -- but tetrapod evolution proceeded much faster, and the Devonian tetrapod record is much less complete than we have believed."

Fossil records of crown-group amniotes -- the group that includes mammals, birds and reptiles -- begin in the Late Carboniferous period (about 318 million years old), while previously the earliest body fossils of crown-group tetrapods were from about 334 million years ago, and the oldest trackways about 353 million years old.




This had suggested the modern tetrapod group originated in the early Carboniferous period, with the modern amniote group appearing in the early part of the Late Carboniferous period.

"We now present new trackway data from Australia that falsify this widely accepted timeline," says Professor Long, who worked with Australian and international experts on the major Nature journal paper.

"My involvement with this amazing fossil find goes back some 45 years, when I did my PhD thesis on the fossils of the Mansfield district, but it was only recently after organizing palaeontology field trips to this area with Flinders University students that we got locals fired up to join in the hunt for fossils.

"Two of these locals -- Craig Eury and John Eason (coauthors on the paper) -- found this slab covered in trackways and, at first, we thought they were early amphibian trackways, but one in the middle has a hooked claw coming off the digits, like a reptile -- an amniote, in fact.

"It was amazing how crystal clear the trackways are on the rock slab. It immediately excited us, and we sensed we were onto something big -- even though we had no idea just how big it is."

The Flinders palaeontology team working on this project included Dr Alice Clement, who scanned the fossil footprints to create digital models that were then analysed in detail, working closely with a team from Uppsala University led by Professor Per Erik Ahlberg, a member of the Royal Swedish Academy of Sciences.




"We study rocks and fossils of the Carboniferous and Devonian age with specific interest to observe the very important fish-tetrapod transition," says Dr Clement.

"We're trying to tease apart the details of how the bodies and lifestyles of these animals changed, as they moved from being fish that lived in water, to becoming tetrapods that moved about on land."

Another coauthor Dr Aaron Camens, who studies animal trackways from around Australia, produced heatmaps that explain details of the fossil footprints much more clearly.

"A skeleton can tell us only so much about what an animal could do, but a trackway actually records its behaviour and tells us how this animal was moving," says Dr Camens.

Because Professor Long had been studying ancient fish fossils of this area since 1980, he had a clear idea of the age of rock deposits in the Mansfield district -- from the Carboniferous period, which started about 359 million years ago.

"The Mansfield area has produced many famous fossils, beginning with spectacular fossil fishes found 120 years ago, and ancient sharks. But the holy grail that we were always looking for was evidence of land animals, or tetrapods, like early amphibians. Many had searched for such trackways, but never found them -- until this slab arrived in our laboratory to be studied.

"This new fossilised trackway that we examined came from the early Carboniferous period, and it was significant for us to accurately identify its age -- so we did this by comparing the different fish faunas that appear in these rocks with the same species and similar forms that occur in well-dated rocks from around the world, and that gave us a time constraint of about 10 million years."

La Trobe University's Dr Jillian Garvey, who liaised with the Taungurung Land and Waters Council for the study, has researched in the Mansfield basin since the early 2000s.

"This discovery rewrites this part of evolutionary history," Dr Garvey says. "It indicates there is so much that has happened in Australia and Gondwana that we are still yet to uncover."
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Combining laboratory techniques yields wealth of information about deadly brain tumors | ScienceDaily
Clinicians from the Johns Hopkins Kimmel Cancer Center and four other institutions have demonstrated that doctors can gain a wealth of knowledge about a patient's cancer by using multiple laboratory techniques to study tumor tissue taken from needle biopsies of glioblastoma, a highly aggressive form of brain cancer.


						
The work, funded by Break Through Cancer and published in the April 28 issue of Nature Communications, has implications for additional cancer types.

Physicians currently limit collection of small tumor samples of glioblastoma because the procedure, stereotactic needle biopsy, requires surgery with a patient sedated with anesthesia. Tumor samples are typically taken at the beginning and sometimes at the end of treatment.

But in a new study, researchers injected into the tumor a virus aimed at killing glioblastoma cells. During the same procedures, surgeons took tumor tissue samples and ran them through multiple types of advanced laboratory techniques, including single-cell RNA sequencing, transcriptomics, metabolomics, proteomics and immune profiling to demonstrate that even small tissue samples can yield additional insights into a tumor's biology, immune interactions and molecular pathways. The study found that tissue also could be grafted onto a mouse model for additional analysis.

"One of the major frontiers in oncology is to find better treatments for these tumors, which have limited treatment options. We need a much deeper understanding of why certain treatments work and others don't work," explains study co-author Matthias Holdhoff, M.D., Ph.D., co-director of the Brain Cancer Disease Group at the Kimmel Cancer Center and an associate professor of oncology at the Johns Hopkins University School of Medicine. During the study, investigators wanted to maximize what they could learn from tissue samples.

"This is a concept that expands beyond just brain cancers," adds study co-author Chetan Bettegowda, M.D., Ph.D., director of the Metastatic Brain Tumor Center and medical director of the Ludwig Center for Cancer Genetics and Therapeutics at the cancer center. He also is the incoming director of the Department of Neurosurgery, the Harvey Cushing Professor of Neurosurgery, and a professor of oncology at the Johns Hopkins University School of Medicine. "Whenever people do needle biopsies, it has been just sufficient to study if the tissue is cancerous, what type and maybe some very simple molecular characterization. This brings tissue analysis to the modern age. ... Historically [oncologists] haven't done repeat biopsies because we felt, 'Oh, what are we going to get that we don't already know from the original diagnosis?' It turns out there's quite a bit to be learned."

Other participating centers in the study were Memorial Sloan Kettering Cancer Center in New York City; Dana-Farber Cancer Institute in Boston; MD Anderson Cancer Center in Houston; and the Koch Institute for Integrative Cancer Research at MIT in Cambridge, Massachusetts.
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Genome of near-extinct northern white rhino offers hope for reviving the species | ScienceDaily
The northern white rhinoceros is one of the rarest animals on Earth, with just two females left and no natural way for the species to reproduce. Now, an international team of scientists at Scripps Research, the San Diego Zoo Wildlife Alliance, Max Planck Institute for Molecular Genetics, and other collaborators have mapped the entire genome of a northern white rhino. This represents a crucial step toward bringing the critically endangered species back from the edge using advanced reproductive technologies.


						
The complete genome can be used as a reference to analyze the health of previously developed northern white rhinoceros stem cells. Eventually, those stem cells may be able to generate sperm and eggs to yield new rhinos. The genome was published on May 13, 2025, in PNAS.

"What's so exciting about this milestone is that we're getting closer to being able to rescue animals that otherwise might go extinct during our lifetimes," says co-senior author Jeanne Loring, Professor Emeritus at Scripps Research and a research fellow at the San Diego Zoo Wildlife Alliance. "This is great progress not only for white rhinos, but for the entire field of animal conservation."

The new effort combined cutting-edge DNA sequencing and genome mapping techniques to build a high-quality genome. Scientists used cells previously collected from a male northern white rhinoceros named Angalifu, who lived at the San Diego Zoo Safari Park until his death in 2014. At the time, his skin cells were cryopreserved in the San Diego Zoo Wildlife Alliance's Frozen Zoo(r).

"We layered together multiple technologies to make the most accurate genomic map possible," says Loring. "It's like the rhino version of the Human Genome Project."

This new genome also represents a vital tool toward saving the endangered species. In 2011, Loring's team created the first induced pluripotent stem cells from northern white rhinos. They have since, in collaboration with the San Diego Zoo Wildlife Alliance, created other lines of stem cells from nine different individual northern white rhinos. These lab-grown cells have the ability to become any other cell type, including eggs and sperm that could potentially be used to create embryos.

"Collaboration was integral to achieving this milestone," says Marisa Korody, a scientist in conservation genetics at the San Diego Zoo Wildlife Alliance. "This high-quality reference genome is a key piece of the puzzle that helps us understand how the stem cells are functioning and guides our next steps in the genetic rescue process. None of it would be possible without the Frozen Zoo and the rhinos whose cells were preserved decades ago."

But one major hurdle has always been quality control. Without a reference genome, scientists didn't know whether any of those stem cells had picked up harmful mutations during lab growth -- a common problem in both human and animal stem cells. In the new research, Loring's team was able to use the new, complete genome to analyze the previously created stem cell lineages. They discovered that one of the most promising of the stem cell lines had a large chunk of DNA missing -- more than 30 million base pairs affecting over 200 genes, including those involved in reproduction and tumor suppression.




"If we hadn't built this genome, we wouldn't have known that," adds Loring. "We thought we had a good stem cell line, but it turns out it had a mutation that could have made it unsafe to use for reproduction. Now we can go back and screen all the others. This becomes the gold standard for deciding which cells to move forward with."

The new genome also settled lingering questions about how different northern and southern white rhinos really are. Some earlier data suggested significant DNA differences that might make it risky for southern white rhinos to be implanted with northern white rhino embryos. But updated comparisons show their genomes are strikingly similar, giving scientists confidence that southern white rhinos -- which are far more numerous -- can serve as surrogates without major complications.

For Loring, who's been working on this project since 2007, the new genome is a symbol of what's possible. "Now that we have their genome, we can apply all the tools we've developed for humans -- CRISPR gene editing, reporter genes, everything -- to help rescue them."

The work also sets a powerful example for other endangered species, Loring says. Efforts to save hundreds of different endangered species -- from mammals and birds to plants and corals -- depend on careful biobanking like that being done by the Frozen Zoo.

"The Frozen Zoo had the foresight to freeze actual cells from these animals," she says. "That means we're not trying to recreate a species from scraps of ancient, damaged DNA. We have the real thing."

Ultimately, the goal is to grow healthy embryos and implant them into surrogate mothers, then raise the resulting calves in protected environments. It's not Jurassic Park, Loring is quick to point out, and it doesn't depend on gene editing or engineering.

"We're not resurrecting a mystery species -- we're restoring one we still know intimately," she adds. "The rhino is big, gentle and unforgettable. It's the perfect symbol for what science can do to fight extinction."

This work was supported in part by the Germany Federal Ministry for Education and Research (IntraEpiGliom, FKZ 406 13GW0347, P4D, FKZ 01EK2204C), the Max Planck Society, the Deutsche Forschungsgemeinschaft (EXC 22167-390884018 410, CRC-1665 -515637292).
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New generation of skin substitutes give hope to severe burns patients | ScienceDaily
Severe burns remain one of the most challenging injuries to treat, causing high disease and death rates worldwide, but Australian researchers have flagged some promising new approaches that could save lives and dramatically improve patient recovery.


						
In a comprehensive review published in Advanced Therapeutics, researchers from the University of South Australia (UniSA), University of Adelaide and Royal Adelaide Hospital (RAH) explore the latest advancements in dermal substitutes -- biochemicals used to replace damaged skin -- with a particular focus on combating infection and enhancing tissue regeneration following catastrophic burns.

The researchers say that despite decades of progress, traditional treatments such as skin grafting often fail to provide adequate healing and infection control, leading to prolonged hospital stays and soaring healthcare costs.

According to the lead authors Dr Zlatko Kopecki and Dr Bronwyn Dearman, the urgency to develop safer, more effective solutions has never been greater.

"Infections are a major cause of complications and mortality in burn patients," says Dr Kopecki, a Research Fellow at UniSA's Future Industries Institute.

"We must innovate beyond conventional methods and develop therapies that regenerate tissue while actively preventing infections."

Each year, approximately 2423 Australians are admitted to hospital with burn-related injuries, 74% of whom require surgery, including a skin graft. Globally, 180,000 people die from burns each year, and approximately 10 million are hospitalised, costing healthcare systems $112 billion worldwide.




The review highlights that while many commercial skin substitutes exist, very few offer integrated antimicrobial protection -- a critical factor given the vulnerability of burn wounds to bacterial invasion and sepsis.

The paper discusses emerging technologies such as Kerecis, a novel fish skin graft with inherent antimicrobial properties, and NovoSorb BTM, a synthetic biodegradable matrix that resists bacterial colonisation without relying on antibiotics.

Both products represent a new generation of dermal substitutes with enhanced potential to protect and heal complex burns.

Kerecis comes from wild Atlantic cod, caught from a sustainable fish stock in pristine Icelandic waters and processed using renewable energy. It stands out for retaining natural omega-3 fatty acids, which have strong antimicrobial effects and promote wound healing.

Meanwhile, NovoSorb BTM's unique polyurethane matrix offers structural resilience even in infected wounds, providing a vital scaffold for tissue regeneration.

"These materials demonstrate a shift towards multifunctional therapies that combine structural support with infection resistance," says Dr Dearman, Principal Medical Scientist for the Skin Engineering Laboratory at the RAH and an Adjunct Lecturer at the University of Adelaide.




"Such innovations are crucial, particularly as antibiotic-resistant infections continue to rise globally," she says.

The review calls for the next wave of research to integrate active antimicrobial agents directly into 3D dermal scaffolds that support cell growth, reducing the reliance on antibiotics and temporary dressings.

Beyond infection control, the research points to scarless healing as the future frontier of burn care.

By combining smart biomaterials with cell-based therapies, scientists aim to regenerate skin that restores its full function -- an outcome that could revolutionise the recovery for millions of burn survivors worldwide.

The research team includes experts from the Future Industries Institute at UniSA, the Adult Burn Service at the Royal Adelaide Hospital, and the Faculty of Health and Medical Sciences at the University of Adelaide.
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Digital lab for data- and robot-driven materials science | ScienceDaily
Researchers at the University of Tokyo and their collaborators have developed a digital laboratory system that fully automates the material synthesis and the structural and physical property evaluation of thin-film samples. With the digital laboratory, or dLab, the team can autonomously synthesize thin-film samples and measure their material properties. The system demonstrates advanced automatic and autonomous material synthesis for data- and robot-driven materials science.


						
The current research is published in the journal Digital Discovery.

Machine learning, robotics and data are deemed vital to the discovery of new materials. However, although data collection is an essential component, there is a bottleneck in that part of the experimental process.

So, researchers constructed a digital laboratory with interconnected apparatuses for solid materials research. They used robots to collect experimental data, such as synthesis processes, and measured physical properties, including measurement conditions. Their dLab consists of a variety of modular experimental instruments that are physically interconnected. This allows researchers to fully automate processes from material synthesis to a wide range of measurements for surface microstructures, X-ray diffraction patterns, Raman spectra (a chemical analysis technique using scattered light), electrical conductivity and optical transmittance.

The dLab consists of two systems. One system integrates experimental instruments to perform automated materials synthesis and measurements, while the other handles data collection and analysis. Each measurement instrument provides data outputted in an XML format data storage called MaiML, which is collected in a cloud-based database. Then, the data is analyzed by software and utilized on the cloud.

"We demonstrated that the system can autonomously synthesize a thin-film material specified by a researcher," said Professor Taro Hitosugi of the University of Tokyo's Graduate School of Science. Using dLab, his team demonstrated the autonomous synthesis of lithium-ion positive-electrode thin films and their structural evaluation via X-ray diffraction pattern measurements.

In recent years, machine learning and robotics have provided researchers with new ways to conduct automatic and autonomous experiments. "Today, laboratories are not merely the places to house experimental instruments, but rather the factories for producing materials and data, where experimental equipment operates as a system," said Hitosugi.




By assigning repetitive experimental tasks to robot systems controlled by machine learning, researchers can synthesize, measure and analyze a large number of samples, thereby generating extensive data. This data- and robot-driven science, along with the standardization of materials synthesis and measurement instruments, and the automation of data collection, will significantly impact how research is conducted.

"Our current work addresses the challenges of accelerating research in materials science," said Hitosugi. "Our approach enhances the use of data in research. We aim to create a research environment where researchers can focus on creativity. Introducing machine learning and robotics will further advance materials science, deepening theory and finding new materials."

However, even with the recent progress, the modularization and standardization in solid materials research is still rudimentary. One factor contributing to this is the lack of established standards for the shapes and sizes of samples and sample holders. Solid materials are available in a variety of physical shapes, including powder and bulk forms. Researchers need standardized sample shapes and sample holders. A unified format for measurement data is also lacking, complicating data collection. The Japan Analytical Instruments Manufacturers Association (JAIMA) has collaborated with member companies and the Ministry of Economy, Trade and Industry, to establish a data format called the Measurement Analysis Instrument Markup Language (MaiML). MaiML was registered as the Japanese Industrial Standard in 2024. This standardized format provides a unified format for data collection and use.

Looking ahead, the team hopes to improve the system by standardizing the orchestration software and scheduling. This would allow the researchers to expand the materials explorations and to manage tasks for multiple samples more efficiently. Their goal is to leverage dLab to accelerate material development. "We aim to digitalize the research and development environment, foster researchers who can utilize these technologies, and facilitate data sharing and utilization" said collaborating researcher and lead author Kazunori Nishio, a specially appointed associate professor at the Institute of Science Tokyo. "This environment will fully leverage the creativity of researchers."
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Adult-onset type 1 diabetes increases risk of cardiovascular disease and death | ScienceDaily

Type 1 diabetes used to be called childhood diabetes but can start at any time during life. However, research on adult-onset type 1 diabetes is limited. The researchers behind the current study wanted to investigate the risk of cardiovascular disease and death in this group, particularly for those diagnosed after the age of 40.

The registry-based study identified 10 184 people diagnosed with type 1 diabetes in adulthood between 2001 and 2020 and compared them to 509 172 matched people in the control group.

The study shows that these people with adult-onset type 1 diabetes had a higher risk of cardiovascular disease and death from all causes, including cancer and infections, compared to the control group.

"The main reasons for the poor prognosis are smoking, overweight/obesity and poor glucose control. We found that they were less likely to use assistive devices, such as insulin pumps," says first author Yuxia Wei, postdoctoral fellow at the Institute of Environmental Medicine, Karolinska Institutet.

The results emphasise the seriousness of type 1 diabetes, even when it starts later in life, the researchers say.

"But we show that the prognosis can be significantly improved by preventing smoking and obesity and improving glucose control, not least in people diagnosed at older ages," explains senior author Sofia Carlsson, senior lecturer and associate professor at the same department.

The researchers plan to continue investigating adult-onset type 1 diabetes, including risk factors for developing the disease and the prognosis of other outcomes, such as microvascular complications. Optimal treatment in adult-onset type 1 diabetes, including the effect of pump use and other advanced technologies, also needs to be explored.

"We hope to shed light on these issues in the coming years," concludes Sofia Carlsson.

The study was funded by the Swedish Research Council and the Swedish Diabetes Foundation, among others. The researchers report no conflicts of interest.
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The risk of death or complications from broken heart syndrome was high from 2016 to 2020 | ScienceDaily
Takotsubo cardiomyopathy, also known as broken heart syndrome, is associated with a high rate of death and complications, and those rates were unchanged between 2016 and 2020, according to new research published today in the Journal of the American Heart Association, an open-access, peer-reviewed journal of the American Heart Association.


						
Takotsubo cardiomyopathy is a stress-related heart condition in which part of the heart temporarily enlarges and doesn't pump well. It is thought to be a reaction to a surge of stress hormones that can be caused by an emotionally or physically stressful event, such as the death of a loved one or a divorce. It can lead to severe, short-term failure of the heart muscle and can be fatal. Takotsubo cardiomyopathy may be misdiagnosed as a heart attack because the symptoms and test results are similar.

This study is one of the largest to assess in-hospital death rates and complications of the condition, as well as differences by sex, age and race over five years.

"We were surprised to find that the death rate from Takotsubo cardiomyopathy was relatively high without significant changes over the five-year study, and the rate of in-hospital complications also was elevated," said study author M. Reza Movahed, M.D., Ph.D., an interventional cardiologist and clinical professor of medicine at the University of Arizona's Sarver Heart Center in Tucson, Arizona. "The continued high death rate is alarming, suggesting that more research be done for better treatment and finding new therapeutic approaches to this condition."

Researchers reviewed health records in the Nationwide Inpatient Sample database to identify people diagnosed with Takotsubo cardiomyopathy from 2016 to 2020.

The analysis found:
    	The death rate was considered high at 6.5%, with no improvement over period.
    	Deaths were more than double in men at 11.2% compared to the rate of 5.5% among women.
    	Major complications included congestive heart failure (35.9%), atrial fibrillation (20.7%), cardiogenic shock (6.6%), stroke (5.3%) and cardiac arrest (3.4%).
    	People older than age 61 had the highest incidence rates of Takotsubo cardiomyopathy. However, there was a 2.6 to 3.25 times higher incidence of this condition among adults ages 46-60 compared to those ages 31-45 during the study period.
    	White adults had the highest rate of Takotsubo cardiomyopathy (0.16%), followed by Native American adults (0.13%) and Black adults (0.07%).
    	In addition, socioeconomic factors, including median household income, hospital size and health insurance status, varied significantly.

"Takotsubo cardiomyopathy is a serious condition with a substantial risk of death and severe complications," Movahed said. "The health care team needs to carefully review coronary angiograms that show no significant coronary disease with classic appearance of left ventricular motion, suggesting any subtypes of stress-induced cardiomyopathy. These patients should be monitored for serious complications and treated promptly. Some complications, such as embolic stroke, may be preventable with an early initiation of anti-clotting medications in patients with a substantially weakened heart muscle or with an irregular heart rhythm called atrial fibrillation that increases the risk of stroke."

He also noted that age-related findings could serve as a useful diagnostic tool in discriminating between heart attack/chest pain and Takotsubo cardiomyopathy, which may prompt earlier diagnosis of the condition and could also remove assumptions that Takotsubo cardiomyopathy only occurs in the elderly.




Among the study's limitations is that it relied on data from hospital codes, which could have errors or overcount patients hospitalized more than once or transferred to another hospital. In addition, there was no information on outpatient data, different types of Takotsubo cardiomyopathy or other conditions that may have contributed to patients' deaths.

Movahed said further research is needed about the management of patients with Takotsubo cardiomyopathy and the reason behind differences in death rates between men and women.

Study details, background and design:
    	The analysis included 199,890 U.S. adults from across the nation (average age 67; 83% of cases were among women). White adults comprised 80% of the Takotsubo cardiomyopathy patients, while 8% were Black adults, 6% were Hispanic adults, 2% were Asian/Pacific Islander adults, 0.64% were Native American adults and 2.2% were reported as Other.
    	The Nationwide Inpatient Sample database is the largest publicly available source detailing publicly and privately paid hospital care in the U.S. It produces estimates of inpatient utilization, access, cost, quality and outcomes for about 35 million hospitalizations nationally annually.
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Got data? Breastfeeding device measures babies' milk intake in real time | ScienceDaily
While breastfeeding has many benefits for a mother and her baby, it has one major drawback: It's incredibly difficult to know how much milk the baby is consuming.


						
To take the guesswork out of breastfeeding, an interdisciplinary team of engineers, neonatologists and pediatricians at Northwestern University has developed a new wearable device that can provide clinical-grade, continuous monitoring of breast milk consumption.

The unobtrusive device softly and comfortably wraps around the breast of a nursing mother during breastfeeding and wirelessly transmits data to a smartphone or tablet. The mother can then view a live graphical display of how much milk her baby has consumed in real time.

By eliminating uncertainty, the device can provide peace of mind for parents during their baby's first days and weeks. In particular, the new technology could help reduce parental anxiety and improve clinical management of nutrition for vulnerable babies in the neonatal intensive care unit (NICU).

The study will be published on Wednesday (May 14) in the journal Nature Biomedical Engineering. To ensure its accuracy and practicality, the device endured several stages of rigorous assessments, including theoretical modeling, benchtop experiments and testing on a cohort of new mothers in the hospital.

"Knowing exactly how much milk an infant is receiving during breastfeeding has long been a challenge for both parents and healthcare providers," said Northwestern's John A. Rogers, who led the device development. "This technology eliminates that uncertainty, offering a convenient and reliable way to monitor milk intake in real time, whether in the hospital or at home."

"Uncertainty around whether an infant is getting sufficient nutrition can cause stress for families, especially for breastfeeding mothers with preterm infants in the NICU," said Dr. Daniel Robinson, a Northwestern Medicine neonatologist and co-corresponding author of the study. "Currently, only cumbersome ways exist for measuring how much milk a baby has consumed during breastfeeding, such as weighing the baby before and after they have fed. We expect this sensor to be a big advance in lactation support, reducing stress for families and increasing certainty for clinicians as infants make progress with breastfeeding but still need nutritional support. Reducing uncertainty and helping families achieve their breastfeeding goals will lead to healthier children, healthier mothers and healthier communities."

A bioelectronics pioneer, Rogers is the Louis Simpson and Kimberly Querrey Professor of Materials Science and Engineering, Biomedical Engineering and Neurological Surgery at Northwestern -- where he has appointments in the McCormick School of Engineering and Feinberg School of Medicine -- and the director of the Querrey Simpson Institute for Bioelectronics (QSIB). Robinson is an associate professor of pediatrics at Feinberg and an attending physician in the division of neonatology at Ann & Robert H. Lurie Children's Hospital of Chicago. Rogers and Robinson co-led the study with Dr. Craig Garfield, a professor of pediatrics at Feinberg and attending physician at Lurie Children's, and Dr. Jennifer Wicks, a pediatrician at Lurie Children's.




Three postdoctoral researchers at QSIB contributed equally to the project, each of whom is now a faculty member in Korea: Jiyhe Kim, an assistant professor at Ajou University, led the device design and supported clinical trials; Seyong Oh, an assistant professor at Hanyang University, engineered the wireless electronics; and Jae-Young Yoo, an assistant professor at Sungkyunkwan University, developed methods for data analytics. Kim and Oh are co-first authors with Raudel Avila, an assistant professor of mechanical engineering at Rice University and Northwestern Ph.D. graduate, who led the computational modeling.

Addressing an unmet need

The project started four years ago, when neonatologists and pediatricians at Lurie Children's approached Rogers' team with a critical unmet need. Because the transfer of milk from mother to baby during breastfeeding is not visible and the flow of milk varies, it's nearly impossible to know the precise volume of milk a baby consumes in one sitting.

"Currently, there are no reliable ways to know how much babies are eating when they are breastfeeding," said Wicks, who is a mother of three. "Some pediatricians and lactation consultants will use scales to weigh a baby before and after feeding, and that measurement gives a decent estimate of the amount of milk the baby drank. But unfortunately, baby scales are not small, and most people do not own baby scales. So, while that can provide an estimate, it's not convenient."

As another option, mothers can pump breastmilk into a bottle. While bottle-feeding offers precise volume measurements and visual reassurance that the baby is consuming milk, it removes the benefits of skin-to-skin contact. And the extra steps of pumping, storing and handling milk are time-consuming and can even increase the risk of bacterial contamination.

"There are several advantages to breastfeeding at the breast compared to feeding breast milk with a bottle," Wicks said. "First and foremost, that skin-to-skin bond is beneficial for both babies and moms. Additionally, milk production is oftentimes stimulated better by actual breastfeeding."

Although other academic researchers and small startup companies have explored technologies to monitor aspects of breast milk and feeding, peer-reviewed studies are scarce.




"Based on our reviews of the scientific literature and our discussions with pediatricians and neonatologists, there are no clinically validated technologies that address this important medical need," Rogers said. "Our work fills that gap."

Pinpointing the right strategy

Rogers' team previously developed soft, flexible wireless body sensors for monitoring babies in the NICU as well as wearable sensors for tracking the drainage of fluid flow through shunts, which are commonly used to treat patients with hydrocephalus. With experience working with vulnerable populations and developing devices capable of measuring fluid flow, Rogers and his team were ideal candidates for the project.

"Our clinical colleagues asked us whether we could develop a sensor that would allow new mothers to determine how much milk their babies are consuming during a nursing session," Rogers said. "At first, we weren't sure how to approach the problem. The strategies we used to track flow through shunts as they pass through locations superficially below the skin don't work because milk ducts lie too far beneath the skin's surface."

After years of failed attempts based on methods to monitor the optical properties of the breast, to quantify suckling motions, to track swallowing events and several others, the engineers finally settled on a remarkably simple technique. The device sends a tiny, safe electrical current through the breast using two small pads, or electrodes, placed on the skin. Another pair of electrodes captures the voltage difference associated with that current.

As the baby drinks milk, the amount of milk in the breast decreases. This reduction leads to a change in the electrical properties of the breast in a subtle but measurable manner. These changes directly relate to the amount of milk removed from the breast. The larger the amount, the bigger the change in electrical properties. Though subtle, that change can be accurately calibrated and quantified for real-time display on a smartphone during breastfeeding.

"This is a concept called bioimpedance, and it's commonly used to measure body fat," Rogers said. "Because muscle, fat, bone and tissues conduct electricity differently, bioimpedance can yield an accurate measurement of fat content. In a conceptually similar way, we can quantify the change in milk volume within the breast. This was the last strategy we tried, unfortunately. But fortunately, we found that we were able to make it work really well."

Rigorous testing

After designing initial prototypes, the engineering team optimized it through several stages of testing and modeling. First, they built simplified models of a breast using materials that mimic the electrical properties of skin, fat and milk. By precisely controlling the amount of "milk" in these models, the researchers could see how the device's data changed as the volume of "milk" changed.

Led by Avila at Rice, the team then created detailed computer models of the breast, based on real anatomy. Their physics-based computer simulations monitored the physiological changes that occur during breastfeeding. Using bioimpedance, Avila linked the flow of electrical signals to the amount of milk leaving the breast in real time. His team's anatomically correct computer models incorporate patient-specific breast shapes and tissue distributions, enabling them to test how sensor placement and tissue variation affect readings.

"Our simulation results matched the trends of experiments and human clinical studies," Avila said. "Connecting our models to impact in the real world is always a highlight, and it's only possible through the collaboration among experimental, modeling and clinical teams."

Personalized for all shapes and sizes

The resulting device is a thin, soft, pliable cord that lightly wraps around the outer circumference of the breast. Electrodes, which gently adhere to the skin, are integrated into each end of the cord. A small, lightweight "base station," which also softly mounts onto the skin, sits in the middle of the cord between the electrodes. Enclosed in a soft, silicone case, the base station holds a small rechargeable battery, Bluetooth technology for wireless data transfer and a memory chip.

Because every mother has differences in breast density, shape and size, the device can be personalized through a single calibration. To calibrate the system, the mother wears the device while using a breast pump connected to a bottle with volume markings. This enables the user to know the precise volume of milk being expressed over a specific period of time. Meanwhile, the device records the breast's electrical properties throughout the pumping process. This calibration scheme teaches the device how to interpret the changes in electrical signals for each specific mother.

After developing prototypes, the team tested the device on 12 breastfeeding mothers -- both in the NICU and at home. To assess whether the device was consistent and reliable over time, the researchers took multiple measurements from the same mothers, spans of time as long as 17 weeks.

In this first stage of testing, mothers wore the sensor while they pumped as this important step required knowing precisely the amount of milk mothers expressed. In one testing session, the researchers compared the device's data to the difference in the baby's weight before and after breastfeeding. Overall, with the testing during pumping, the results between amounts in the bottle and amounts detected by the sensor were strikingly similar.

Improving care in the NICU

While the device would provide reassurance and useful information to all parents, Robinson and Wicks say NICU babies would benefit the most from careful monitoring. Knowing exactly how much a baby in the NICU is eating is even more critical than for healthy, full-term infants.

These babies often have precise nutritional needs. Premature babies, for example, may have underdeveloped digestive systems, making them more vulnerable to feeding intolerance. Precise feeding volumes can help minimize the risks of developing intestinal disorders and reflux.

"Some babies are limited to a certain number of feeds at a time," Wicks said. "For babies who are born prematurely or who are recovering from a surgery, they can only eat small amounts of milk very slowly. Oftentimes, we cannot allow them to breastfeed because there's no way for us to know how much milk they are getting from mom. Having a sensor to monitor this would enable these babies to breastfeed more successfully with their mom."

Future directions

To become even more user-friendly, the researchers envision the technology eventually could be integrated into comfortable undergarments like breastfeeding bras. This would further enhance the device's ease of use and overall experience for mothers.

The researchers still plan to complete comprehensive comparisons to the pre- and post-feed weighing. The team also aims to ensure the sensor is usable for mothers with a wide range of skin tones. While the current version of the device detects the amount of milk flowing out of the breast, future iterations could measure milk refilling into the breast. Then mothers could track changes in milk production over time. The team also plans to continue optimizing the device so it can glean even more insights, such as milk quality and fat content.

"Breastfeeding can be extremely emotional for mothers, in part due to the uncertainty surrounding how much milk their babies are getting," Wicks said. "It can come with a lot of sadness because mothers feel anxious and like they aren't doing a good job. Oftentimes, mothers experience anxiety, frustration or symptoms of depression and give up on breastfeeding altogether.

"There are many factors that make breastfeeding difficult. Being able to remove one piece of uncertainty and being able to help reassure them that they are producing enough milk will really help decrease some of that stress and anxiety. For all moms around the world -- who are in all different stages of their breastfeeding journeys -- this device will be incredibly helpful. We're looking forward to bringing it to more people."
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Study sheds light on how autistic people communicate | ScienceDaily
There is no significant difference in the effectiveness of how autistic and non-autistic people communicate, according to a new study, challenging the stereotype that autistic people struggle to connect with others.


						
The findings suggest that social difficulties often faced by autistic people are more about differences in how autistic and non-autistic people communicate, rather than a lack of social ability in autistic individuals, experts say.

Researchers hope the results of the study will help reduce the stigma surrounding autism, and lead to more effective communication support for autistic people.

Autism is a lifelong neurodivergence, and influences how people experience and interact with the world.

Autistic people often communicate more directly and may struggle with reading social cues and body language, leading to differences in how they engage in conversation compared to non-autistic people.

The study, led by experts from the University of Edinburgh, tested how effectively information was passed between 311 autistic and non-autistic people.

Participants were tested in groups where everyone was autistic, everyone was non-autistic, or a combination of both.




The first person in the group heard a story from the researcher, then passed it along to the next person. Each person had to remember and repeat the story, and the last person in the chain recalled the story aloud.

The amount of information passed on at each point in the chain was scored to discern how effective participants were at sharing the story. Researchers found there were no differences between autistic, non-autistic, and mixed groups.

After the task, participants rated how much they enjoyed the interaction with the other participants, based on how friendly, easy, or awkward the exchange was.

Researchers found that non-autistic people preferred interacting with others like themselves, and autistic people preferred learning from fellow autistic individuals. This is likely down to the different ways that autistic and non-autistic people communicate, experts say.

The findings confirm similar findings from a previous smaller study undertaken by the same researchers. They say the new evidence should lead to increased understanding of autistic communication styles as a difference, not a deficiency.

Dr Catherine Crompton, Chancellor's Fellow at the University of Edinburgh's Centre for Clinical Brain Sciences, said: "Autism has often been associated with social impairments, both colloquially and in clinical criteria. Researchers have spent a lot of time trying to 'fix' autistic communication, but this study shows that despite autistic and non-autistic people communicating differently it is just as successful. With opportunities for autistic people often limited by misconceptions and misunderstandings, this new research could lead the way to bridging the communication gap and create more inclusive spaces for all."
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New hope against superbugs: Promising antibiotic candidate discovered | ScienceDaily
An international team of researchers, led by the University of Vienna and the Helmholtz Institute for Pharmaceutical Research Saarland, has discovered saarvienin A, a new type of glycopeptide antibiotic. Their findings, now published in Angewandte Chemie International Edition, introduce a compound with strong activity against highly resistant bacterial strains.


						
Antibiotic-resistant infections are on the rise, threatening to make even common diseases deadly again. Without new antibiotics, experts warn that up to 100 million lives could be lost annually by 2050. In search for new compounds, researchers from several institutions, including the University of Vienna and the Helmholtz Institute for Pharmaceutical Research Saarland (HIPS), have turned to the study of actinobacteria -- microorganisms that are well-known for living in unusual environments and producing antibiotics such as vancomycin, rifamycin, and chelocardin. Jaime Felipe Guerrero Garzon from the Division of Pharmacognosy at the University of Vienna's Department of Pharmaceutical Sciences, discovered strong antibiotic activity in extracts from a strain of Amycolatopsis isolated from a Chinese rare earth mine, which prompted further investigation. Martin Zehl, Head of the Mass Spectrometry Center at the University of Vienna, found out that this antibiotic activity was associated with a potentially novel compound of the class glycopeptides. Using mass spectrometry and nuclear magnetic resonance (NMR) spectroscopy, the collaborating team at HIPS identified a completely new molecule: saarvienin A.

Breaking the rules: A glycopeptide with a twist 

Saarvienin A's special feature became clear early on: unlike established glycopeptides such as vancomycin, the new compound does not bind the typical bacterial target involved in cell wall synthesis. Instead, it probably acts through a different, as yet unresolved mechanism. Structural analysis revealed a distinctive architecture: a halogenated peptide core cyclized through an unusual ureido linkage, decorated with a chain of five sugar and aminosugar units -- two of which are completely new to natural products. "We were excited to find that saarvienin A doesn't fit into any known category," said Jaime Felipe Guerrero. "Its unique structure could pave the way for antibiotics that bacteria have never encountered before."

A strong weapon against resistant bacteria 

In close collaboration, researchers at HIPS, led by corresponding author Rolf Muller, characterized the biological activity of saarvienin A, named after Saarbrucken and Vienna. Tests of the new molecule against bacteria focused in particular on "ESKAPE pathogens" -- a notorious group of superbugs known to evade most current antibiotics. The compound showed remarkable acivity against vancomycin-resistant Enterococcus and methicillin-resistant Staphylococcus aureus (MRSA), including 3 ESKAPE pathogens and 26 clinical isolates. It consistently outperformed vancomycin, even against strains already resistant to multiple other antibiotics. "Discovering a new antibiotic is only the beginning," said corresponding author Sergey B. Zotchev from the University of Vienna. "Now we face the fascinating challenge of refining it into a drug candidate suitable for clinical use."

Next steps: Engineering for the clinic 

With the biosynthetic genes for saarvienin A already identified and cloned, the international team plans to use medicinal chemistry and biosynthetic engineering to optimize the molecule. A key goal is to reduce cytotoxicity while maintaining antibacterial activity. Although challenges remain, the discovery of saarvienin A provides much-needed momentum in the fight against antibiotic resistance -- and highlights the potential of unexplored natural sources.
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Sugar-coated nanotherapy dramatically improves neuron survival in Alzheimer's model | ScienceDaily
Scientists at Northwestern University have developed a new approach that directly combats the progression of neurodegenerative diseases like Alzheimer's disease and amyotrophic lateral sclerosis (ALS).


						
In these devastating illnesses, proteins misfold and clump together around brain cells, which ultimately leads to cell death. The innovative new treatment effectively traps the proteins before they can aggregate into the toxic structures capable of penetrating neurons. The trapped proteins then harmlessly degrade in the body.

The "clean-up" strategy significantly boosted the survival of lab-grown human neurons under stress from disease-causing proteins.

Designated as an ACS Editor's Choice article, the study will be published on May 14 in the Journal of the American Chemical Society.

"Our study highlights the exciting potential of molecularly engineered nanomaterials to address the root causes of neurodegenerative diseases," said Northwestern's Samuel I. Stupp, the study's senior author. "In many of these diseases, proteins lose their functional folded structure and aggregate to make destructive fibers that enter neurons and are highly toxic to them.

"By trapping the misfolded proteins, our treatment inhibits the formation of those fibers at an early stage. Early stage, short amyloid fibers, which penetrate neurons, are believed to be the most toxic structures. With further work, we think this could significantly delay progression of the disease."

A pioneer in regenerative medicine, Stupp is the Board of Trustees Professor of Materials Science and Engineering, Chemistry, Medicine and Biomedical Engineering at Northwestern, where he has appointments in the McCormick School of Engineering, Weinberg College of Arts and Sciences and Feinberg School of Medicine. He also is the founding director of the Center for Regenerative Nanomedicine (CRN). Zijun Gao, a Ph.D. candidate in Stupp's laboratory, is the paper's first author.




The Stupp group led the development and characterization of the new therapeutic materials. Co-corresponding author Zaida Alvarez -- a researcher at the Institute for Bioengineering of Catalonia (IBEC) in Spain, former postdoctoral fellow in Stupp's laboratory and current visiting scholar at CRN -- led testing of the therapies in human neurons.

A sugar-coated solution

According to the World Health Organization, as many as 50 million people worldwide might have a neurodegenerative disorder. Most of these diseases are characterized by the accumulation of misfolded proteins in the brain, leading to the progressive loss of neurons. While current treatments offer limited relief, a dire need for new therapies remains.

To tackle this challenge, the researchers turned to a class of peptide amphiphiles, pioneered by the Stupp laboratory, that contain modified chains of amino acids. Peptide amphiphiles are already used in well-known pharmaceuticals including semaglutide, or Ozempic. In fact, the Northwestern investigators developed a similar molecule in 2012 that boosted insulin production.

"The advantage of peptide-based drugs is that they degrade into nutrients," Stupp said. "The molecules in this novel therapeutic concept break down into harmless lipids, amino acids and sugars. That means there are fewer adverse side effects."

Over the years, Stupp's research group has designed many peptide-based materials for different therapeutic purposes. To develop a peptide amphiphile to treat neurodegenerative diseases, his team added an extra ingredient: a natural sugar called trehalose.




"Trehalose is naturally occurring in plants, fungi and insects," Gao said. "It protects them from changing temperatures, especially dehydration and freezing. Others have discovered trehalose can protect many biological macromolecules, including proteins. So, we wanted to see if we could use it to stabilize misfolded proteins."

Instability is key

When added to water, the peptide amphiphiles self-assembled into nanofibers coated with trehalose. Surprisingly, the trehalose destabilized the nanofibers. Although it seems counterintuitive, this decreased stability exhibited a beneficial effect.

By themselves, the nanofibers are strong and well-ordered -- and resistant to rearranging their structure. That makes it more difficult for other molecules, like misfolded proteins, to integrate into the fibers. Less stable fibers, on the other hand, became more dynamic -- and more likely to find and interact with toxic proteins.

"Unstable assemblies of molecules are very reactive," Stupp said. "They want to interact with and bond to other molecules. If the nanofibers were stable, they would happily ignore everything around them."

Searching for stability, the nanofibers bonded to amyloid-beta proteins, a key culprit implicated in Alzheimer's disease. But the nanofibers didn't just stop the amyloid-beta proteins from clumping together. The nanofibers fully incorporated the proteins into their own fibrous structures -- permanently trapping them into stable filaments.

"Then, it's no longer a peptide amphiphile fiber anymore," Stupp said. "But a new hybrid structure comprising both the peptide amphiphile and the amyloid-beta protein. That means the nasty amyloid-beta proteins, which would have formed amyloid fibers, are trapped. They can no longer penetrate the neurons and kill them. It's like a clean-up crew for misfolded proteins.

"This is a novel mechanism to tackle progression of neurodegenerative diseases, such as Alzheimer's, at an earlier stage. Current therapies rely on the production of antibodies for well-formed amyloid fibers."

Improving neuron survival

To assess the therapeutic potential of the new approach, the scientists conducted laboratory tests using human neurons derived from stem cells. The results showed the trehalose-coated nanofibers significantly improved the survival of both motor and cortical neurons when exposed to the toxic amyloid-beta protein.

Stupp says the novel approach of using unstable nanofibers to trap proteins offers a promising avenue for developing new and effective therapies for Alzheimer's, ALS and other neurodegenerative conditions. Much like cancer treatments combine multiple therapies -- like chemotherapy and surgery or hormone therapy and radiation -- Stupp said the nanotherapy might be most effective when combined with other treatments.

"Our therapy might work best when targeting diseases at an earlier stage -- before aggregated proteins enter cells," Stupp said. "But it's challenging to diagnose these diseases at early stages. So, it could be combined with therapies that target later-stage symptoms of the disease. Then, it could be a double whammy."

The study was supported by the Center for Regenerative Nanomedicine, the Chemistry of Life Processes Institute, the Spanish Ministry of Science, the National Institute on Aging of the National Institutes of Health and the European Union's NextGenerationEU.
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Uncovering compounds that tame the heat of chili peppers | ScienceDaily
When biting into a chili pepper, you expect a fiery sensation on your tongue. This spiciness is detected because of capsaicinoid compounds. But for some peppers, despite high levels of capsaicinoids, the heat is mysteriously dull. Now, researchers reporting in ACS' Journal of Agricultural and Food Chemistry have identified three compounds that lessen peppers' pungency. These results challenge the reliability of the century-old Scoville scale, which traditionally bases its rating on two capsaicinoids.


						
"The discovery of natural dietary compounds that reduce pungency presents promising opportunities for both the food and pharmaceutical industries," says Devin Peterson, the corresponding author of the study.

Capsaicinoids are a group of compounds that produce the strong spicy sensation or pungency that comes with consuming chili peppers. The combined amount of capsaicin and dihydrocapsaicin in a pepper is used to calculate its heat intensity rating on the Scoville scale, ranging from zero Scoville Heat Units (SHU) for bell peppers to millions of SHU for the hottest peppers. However, some of these fruits have less heat than would be expected from their Scoville rating, which suggests that something else in the pepper influences that spicy sensation. So, Peterson, Joel Borcherding and Edisson Tello wanted to investigate multiple chili pepper varieties for potential spiciness suppressors.

Initially, they collected dry, powdered samples from 10 types of peppers, including Chile de arbol, serrano, African bird's eye, Fatalii and Scotch bonnet. The amount of capsaicin and dihydrocapsaicin in each was determined by liquid chromatography mass spectrometry. Then a trained panel of taste testers evaluated the intensity of the powders in tomato juice. Each mixture had 800 SHU (a level meant to be spicy but tolerable). Despite the same amount of capsaicin and dihydrocapsaicin in each tasting sample, the 10 peppers' perceived heat intensities ranged significantly, suggesting other chemical constituents in the peppers impacted the sensation.

After additional chemical composition analyses on the pepper powders and performing complex statistical analysis, the researchers identified five compounds that could be modulating pepper spiciness. Another set of panelists assessed whether these compounds, alone or in combination, changed the pungency of capsaicin and dihydrocapsaicin. Three of the five compounds (capsianoside I, roseoside and gingerglycolipid A) reduced the heat intensity, though they didn't have an additive effect when combined. In addition, none of the spiciness suppressors had a noticeable flavor in water.

"These advancements could enable the customization of desirable spicy flavor profiles or lead to the creation of a household ingredient designed to tone down excessive heat in dishes -- the anti-spice," says Peterson. "Additionally, they hold significant medical potential in the design of (non-opioid) analgesic agents for pain management."

The authors acknowledge funding from the Flavor Research and Education Center at The Ohio State University. 
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Astronomers take a second look at twin star systems | ScienceDaily
Apples-to-apples comparisons in the distant universe are hard to come by.


						
Whether the subject is dwarf galaxies, supermassive black holes, or "hot Jupiters," astronomers can spend months or years searching for comparable objects and formations to study. And it is rarer still when those objects are side-by-side.

But a new Yale study offers a road map for finding "twin" planetary systems -- showing whether binary stars that orbit each other, and that were born at the same time and place, tend to host similar orbiting planets. The study's authors found that certain orientations of twin star systems may provide critical information about planet formation, while also being easier for astronomers to discover planets within the systems.

The side-by-side, "edge on" configuration of certain binary star systems potentially allows astronomers to do comparative studies, in the same way that doctors study human twins to gain knowledge about biological and behavioral mechanisms.

"This could be an unprecedented avenue for examining how deterministic, or orderly, the process of planet formation is," said Malena Rice, an assistant professor of astronomy in Yale's Faculty of Arts and Sciences and senior author of the new study.

The study appears in The Astrophysical Journal Letters. The first author is Joseph Hand, an undergraduate at the University of Kansas who conducted the research as a Dorrit Hoffleit Undergraduate Research Scholar, a Yale fellowship named in honor of the longtime Yale astronomer. Konstantin Gerbig, a Ph.D. candidate in Yale's Graduate School of Arts and Sciences, is co-author of the study.

In earlier work, Rice identified an unexpectedly large number of binary systems with orbits that are perfectly aligned, meaning that the two binary stars and their planets orbit on the same geometrical plane. In such systems, the companion star can serve as a stabilizer for the planets' orbits, preventing dramatic long-term climate variations that may otherwise be destructive to life as we know it.




These "edge-on" binary systems, because of their alignment, are also excellent candidates for the detection of new planets, according to the researchers: the stars wobble directly toward and away from Earth, creating a signal boost.

For the study, the team identified nearly 600 edge-on binary star systems based on data from the European Space Agency's Gaia DR3 catalogue of high-precision stellar astrometry. Drawing from the Gaia dataset, the researchers found the brightest nearby binary star systems, measured their orbits, and simulated the set of expected planets waiting to be discovered orbiting each star.

The result, researchers say, is essentially a prediction for locations in the sky where planet-hunters are more likely to find new planets to identify and characterize -- and, for the first time, to compare planets across stars in the same system.

"We outline how this could, for the first time, be used to conduct comparative studies of planet formation where we have a control sample -- that is, a second planetary system born together with the first planetary system," Rice said.

The work was funded by the Dorrit Hoffleit Undergraduate Research Scholarship program and support from the Heising-Simons Foundation.
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Postpartum depression and bonding: Long-term effects on school-age children | ScienceDaily
Researchers show a strong association between postpartum depression, early mother-to-infant bonding, and children's emotional and behavioral development.


						
Postpartum maternal mental health and mother-to-infant bonding are well-established as critical factors in a child's psychosocial development. However, few studies have explored the combined impact of postpartum maternal depression and early bonding experiences on emotional and behavioral difficulties during middle childhood. A new study reveals significant associations between postpartum depression, mother-to-infant bonding, and child difficulties. Notably, secure early bonding was found to partially buffer the long-term effects of postpartum depression on child outcomes.

The development and well-being of a child are shaped by various factors, among which maternal mental health and mother-to-infant bonding play a significant role in social and emotional development. Infants of mothers with postpartum depression often exhibit erratic temperaments and delayed cognitive development. Moreover, maternal depression can hinder the bonding process, increasing the risk of insecure attachment and subsequent developmental challenges. While the short-term effects of postpartum depression on early child development and bonding are well-documented, less is known about how maternal depression and bonding difficulties jointly influence behavioral and psychosocial outcomes in middle childhood.

To address this gap, a research team led by Associate Professor Daimei Sasayama from the Department of Psychiatry in collaboration with Professor Hideo Honda from the Department of Child and Adolescent Developmental Psychiatry, Shinshu University School of Medicine, Japan, investigated the relationship between postpartum maternal depression and mother-to-infant bonding and their combined impact on children's emotional and behavioral difficulties in sixth grade. The study hypothesized that mother-to-infant bonding can mediate the long-term impacts of maternal depression on child mental health outcomes. Their findings were published online in the journal Archives of Women's Mental Health on April 15, 2025.

The study included 245 mother-child pairs from Okaya, Japan, with children born between April 2, 2009, and April 1, 2012. The team used the Edinburgh Postnatal Depression Scale (EPDS) and the Mother-to-Infant Bonding Scale-Japanese version (MIBS-J) to evaluate maternal depressive symptoms and bonding, respectively. Additionally, they measured child difficulties using the Japanese version of the Strengths and Difficulties Questionnaire (SDQ). The EPDS and MIBS-J data were collected from mothers approximately 2 weeks to 1 month postpartum during postnatal health checkups. Whereas the self- and parent-rated SDQ data were gathered from their sixth-grade children and their caregivers. Among the caregivers who completed the parent-rated SDQs, 92.2% were mothers, 7.3% were fathers, and one person was another caregiver.

Based on the collected data, 17.1% of mothers exhibited postpartum depressive symptoms, which aligned with the national prevalence rates in Japan. These symptoms showed both direct and indirect associations with mother-to-infant bonding and child difficulties. "Interestingly, it was found that mother-to-infant bonding mediated 34.6% of the effects of postpartum maternal depression on child difficulties, which confirmed the study's hypothesis," explains Dr. Sasayama. "Apart from these factors, the child's sex was a significant predictor of psychosocial difficulties, with boys showing higher total difficulty scores than girls, particularly in conduct and hyperactivity or inattention." However, both rating sources indicated greater difficulties among children whose mothers had postpartum depressive symptoms. These findings highlight the lasting impact of early bonding experiences between mother and child and their children's future psychosocial growth. This further emphasizes the need for early interventions targeting bonding in the context of maternal postpartum depression in order to promote healthy child outcomes. "Our findings help deepen our understanding of how early attachment experiences mediate the long-term impact of maternal mental health on children's emotional and behavioral outcomes. Future research should prioritize developing interventions that enhance postpartum mother-to-infant bonding as an approach to mitigate long-term psychosocial difficulties in children," adds Dr. Sasayama.

Future studies should also explore which specific depressive symptoms most affect bonding in larger sample populations and should include genetic data, socioeconomic factors, and other underlying mechanisms in shaping these associations to design targeted interventions to support affected mothers and their families.
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Making connections: A three-dimensional visualization of musculoskeletal development | ScienceDaily
The musculoskeletal system plays an indispensable role in supporting our life, as it performs a variety of essential functions -- providing structural support, enabling movement such as walking and lifting, protecting internal organs, maintaining posture, generating heat through muscle activity, and coordinating with the nervous system. One of the many complexities of this system lies in how its components -- tendons, ligaments and cartilage -- establish precise connections during embryonic development. Traditional methods, which often rely on histological analysis of thin tissue segments, have limitations in capturing the spatial organization and dynamic integration of these tissues in a three-dimensional (3D) context. To address this challenge, a research team from Hiroshima University has developed a novel fluorescent mouse model combined with high-resolution imaging techniques. This approach allows for clear and comprehensive visualization of how musculoskeletal components are organized and connected during organogenesis, providing new insights into the complex process of locomotor system development.


						
Researchers published their results in Development on March 26, 2025.

A key feature of this study is the use of a newly developed double-reporter mouse model combined with fluorescent imaging to investigate the complex processes required to form proper connections between cartilaginous and tendinous/ligamentous tissue that connect muscles and skeletal elements during embryogenesis. The double-reporter model enables the simultaneous tracking of two distinct reporter genes. In this study, mice expressing red and green fluorescent proteins in the expression domains of Scx and Sox9, respectively, were used to visualize the desired biological event of interest. The goal of this study is to elucidate how musculoskeletal components are integrated during organogenesis.

"Traditional methods using thin tissue sections have limitations in preserving structural integrity, which makes it difficult to study the 3D organization of these tissues. Our approach overcomes these challenges by combining tissue clearing of a newly established double fluorescent reporter mouse model with high-resolution fluorescence imaging," said Chisa Shukunami, a professor at Hiroshima University's Graduate School of Biomedical and Health Sciences.

The connection between muscle and cartilaginous primordia (early embryonic structures) via tendons, or between cartilaginous primordia via ligaments, must be precisely regulated in both spatial and temporal aspects to ensure the proper formation of a healthy and functional musculoskeletal system. To visualize this process, mouse models expressing fluorescent proteins are commonly used. Fluorescent proteins act as markers by emitting fluorescent light -- causing specific cell populations to glow -- and make it possible to observe where these cells are located and how they behave inside the body. This approach allows scientists to track these cells as they change position over time and to better understand how musculoskeletal tissues are assembled during development.

This study focuses on two molecules with tissue-specific expression patterns. One is Scleraxis (Scx), a basic helix-loop-helix transcription factor expressed during tendon and ligament formation. The other is SRY-box containing gene 9 (Sox9), a transcription factor essential for cartilage development. Mouse lines with ScxTomato and Sox9EGFP were crossed to obtain ScxTomato;Sox9EGFP mice. In the newly established double-reporter mouse model, red fluorescence highlights the Scx-expressing domains, corresponding to sites of tendon and ligament formation, while green fluorescence marks areas where Sox9 is active, indicating regions of cartilage formation.

"By combining double fluorescent reporter mice with Scx-deficient mice, we demonstrated that Scx not only regulates tendon and ligament maturation, but also plays an important role in controlling muscle morphology and its attachment to cartilaginous bone primordia. These findings provide new insights into how the musculoskeletal system is established," said Shukunami.

Additionally, it was found that the Scx+/Sox9+ cells exhibit heterogeneity in the expression levels of Scx and Sox9, meaning that there is some variability in the expression of these cells within the same cell population of cells in a given tissue. Such diversity in expression may be involved not only in developmental processes but also in tendon and ligament regeneration and the onset of related disorders, providing important implications for future research in musculoskeletal disorders.

Researchers hope to combine the double-fluorescent reporter mice with various genetically modified mice to investigate how the musculoskeletal system is established during embryonic development. While much of this research focuses on developing embryos, further investigation on postnatal mice -- using tissue clearing techniques and 3D fluorescent imaging -- may shift toward observing the postnatal maturation of tendons and ligaments. These efforts to uncover how tendons, ligaments and cartilage form connections could provide extremely valuable insights for the development of new diagnostic tools and treatment strategies for age or sport-related injuries related to these tissues.
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Australia's oldest prehistoric tree frog hops 22 million years back in time | ScienceDaily
Newly discovered evidence of Australia's earliest species of tree frog challenges what we know about when Australian and South American frogs parted ways on the evolutionary tree.


						
Previously, scientists believed Australian and South American tree frogs separated from each other about 33 million years ago.

But in a study published today in Journal of Vertebrate Palaeontology, palaeontologists from UNSW Sydney say the new species, Litoria tylerantiqua, is now at about 55 million years old, the earliest known member of the pelodryadid family of Australian tree frogs.

The study is based on fossils unearthed from Murgon on the traditional lands of the Waka Waka people of south-eastern Queensland. The new species, Litoria tylerantiqua, is named in honour of the late Michael Tyler, a renowned Australian herpetologist globally celebrated for his research on frogs and toads.

"It is only fitting to name Australia's earliest tree frog in honour of a man who was a giant in Australian frog research and in particular the first to explore the fossil record for Australian frogs," says study lead author Dr Roy Farman, an adjunct associate lecturer with UNSW School of Biological, Earth & and Environmental Sciences.

Evolutionary history of Australian tree frogs

Around 55 million years ago, Australia, Antarctica and South America were linked together as the last remnants of the southern supercontinent Gondwana. Global climates were warmer during this period, while a forested corridor linked South America and Australia.




Up until now, it was thought the earliest Australian tree frogs came from the Late Oligocene (about 26 million years ago) and the Early Miocene (23 million years ago). Fossils of the Late Oligocene were found at Kangaroo Well in the Northern Territory and Etadunna Formation at Lake Palankarinna, South Australia, while the Riversleigh World Heritage Area in Queensland revealed tree frogs from the Early Miocene.

But the new species extends the fossil record of pelodryadids by approximately 30 million years, to a time potentially close to the divergence of Australian tree frogs from the South American tree frogs.

Previous estimates based on molecular clock studies -- a method scientists use to figure out when different species split from a common ancestor by looking at the rate of genetic changes over time -- suggested that Australian and South American tree frogs separated from each other at about 33 million years ago.

"Our research indicates that that date is at least 22 million years too young," Dr Farman says.

"While molecular studies are important for understanding the evolutionary relationships of different groups of animals, these studies should be calibrated using knowledge from the fossil record and in this case the fossil record provides a more accurate time for separation of the southern world's tree frogs."

Using new technology to study ancient frogs

To conduct this research, the authors used CT scans of spirit-preserved frogs from Australian museum collections to compare the three-dimensional shape of the fossil bones with those of living species. The technique -- called three-dimensional geometric morphometrics -- has only been used on fossil frogs once before. Using these new methods, they were able to unravel the relationships of these fossils to all other groups of frogs living and extinct.




"We had a real problem at the start of this study because the pelvic bones of most living frogs were invisible inside whole pickled frogs rather than available for study as skeletons," Dr Farman says.

"Museums understandably want to ensure these often unique or rare pickled specimens remain intact for molecular studies because DNA can be obtained from their soft tissues. This meant that instead of skeletonising these specimens, we needed instead to make CT scans of them, enabling us to create 3D models of their otherwise invisible skeletons.

"Using these cutting-edge investigative methods, we were able to determine from the shape of the fossil ilia -- one of three bones that make up each side of the pelvis -- that this new Murgon species of frog is more closely related to the Australian tree frogs (pelodryadids) than the South American tree frogs (phyllomedusids)."

Seasoned survivors that outlasted the dinosaurs

Litoria tylerantiqua joins the only other Murgon frog, the ground-dwelling Platyplectrum casca (previously described as Lechriodus casca), as the oldest frogs known from Australia. Both have living relatives in Australia and New Guinea demonstrating remarkable resilience over time.

"Despite their delicate nature, frogs have been surprisingly successful at surviving several mass extinction events since their origins about 250 million years ago, including the mass extinction 66 million years ago that took out the non-flying dinosaurs," Dr Farman says.

"Although global extinction events triggered by human activities -- such as rapid climate change and the spread of chytrid fungus -- may be among the worst challenges frogs have had to face, the fossil record could reveal how some frog groups overcame previous challenges, perhaps by adapting to new, less-threatening habitats. This could provide clues about how we might be able to help by translocating some threatened frogs into more future-secure habitats."

Frogs such as the southern corroboree frog are threatened in their current habitats which have become more hostile due to climate change. The authors say that if the fossil record shows physically similar frogs living in very different habitats, today's frogs may benefit by being reintroduced into similar environments.
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Why are urban children more prone to allergies? | ScienceDaily
Scientists discovered that a previously uncharacterized subset of immune cells may play a critical role in the development of allergic diseases and explain differences between urban and rural populations. The finding, published in the journal Allergy, provides new insight into how the immune system is shaped in early life -- and why urban children are more prone to allergies than children from rural areas.


						
Led by researchers from the University of Rochester Medical Center (URMC) Department of Pediatrics, including MD/PhD student Catherine Pizzarello and senior author Kirsi Jarvinen-Seppo, MD, PhD, the study uncovered a unique subpopulation of T cells known as helper 2 (Th2) cells with distinct molecular characteristics.

T-cells are the foundational immune cells that fight off infections, but there is evidence that this specific subtype is recognizing certain foods as allergenic and attacking them, according to Jarvinen-Seppo.

"These pro-allergic T cells are more inflammatory than anything previously described in this context," said Jarvinen-Seppo, chief of Pediatric Allergy and Immunology at UR Medicine Golisano Children's Hospital. "They were found more frequently in urban infants who later developed allergies, suggesting they may be a predictive biomarker or even a mechanistic driver of allergic disease."

The study compared blood samples from urban infants with those from infants in a farming community, specifically the Old Order Mennonites (OOM) of New York's Finger Lakes region -- known for their low rates of allergies. Researchers found that while urban infants had higher levels of the aggressive Th2 cells, OOM infants had more regulatory T cells that help keep the immune system in balance and reduce the likelihood of allergic responses.

While additional research is needed to identify a possible cause, Jarvinen-Seppo speculates that differences in the development of the gut microbiome between the two populations, and more exposure to "healthy" bacteria in rural children, may be a factor.

"The farming environment, which is rich in microbial exposure, appears to support the development of a more tolerant immune system. Meanwhile, the urban environment may promote the emergence of immune cells that are primed for allergic inflammation," said Jarvinen-Seppo.

The work is part of a broader, NIH-funded investigation into how early-life exposures influence long-term immune outcomes. In 2023, Jarvinen-Seppo's team received a $7 million grant from the National Institute of Allergy and Infectious Diseases (NIAID) to study environmental, microbiome, and immune differences between OOM and urban infants. The goal is to continue this foundational work to uncover protective factors that could be translated into preventive therapies, including probiotics or microbiome-supporting interventions.

"If we can identify the conditions for this disparity between the different T cell subpopulations, we can potentially find solutions in allergic disease development," Jarvinen-Seppo said.
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An ink that boosts coral reef settlement by 20 times | ScienceDaily
With coral reefs in crisis due to climate change, scientists have engineered a bio-ink that could help promote coral larvae settlement and restore these underwater ecosystems before it's too late. In a paper publishing May 14 in the Cell Press journal Trends in Biotechnology, researchers demonstrate that the ink could boost coral settlement by more than 20 times, which they hope could contribute to rebuilding coral reefs around the world.


						
"When people think about a coral reef, they often think about how beautiful it is," says author Daniel Wangpraseurt of the University of California San Diego. "What we sometimes forget is that coral reefs are one of the best structures in protecting our coasts. We are hoping to develop technologies to restore not just the ecosystem but the natural structures that will buffer shorelines against waves, storms, and floods."

In the past, researchers have tried to restore coral reefs -- which have halved across the globe since the mid-20th century -- mainly through planting nursery-grown corals. But Wangpraseurt says these lab-grown corals are genetically identical, meaning that they're susceptible to the same threats.

"If there's a warming event or a disease outbreak, it can wipe out the whole population. Ideally, we want to recruit corals naturally, which can introduce genetic diversity to the population and enhance their resilience," says Wangpraseurt.

Biologists have recently discovered that certain rocky pink algae, called crustose coralline algae (CCA), play an important role in attracting coral larvae and encouraging them to settle on the reef. It appears that CCA emits metabolites into the surrounding water, and coral larvae follow these chemical signals. Inspired by this finding, Wangpraseurt and his team, including first author Samapti Kundu at the University of California San Diego, developed a transparent ink material infused with metabolites derived from CCA. Dubbed SNAP-X, the ink slowly releases these natural chemical cues into seawater over the course of a month. By applying SNAP-X to rocks or other surfaces, researchers can create an inviting microhabitat that helps coral larvae settle and grow.

The team tested SNAP-X outdoors using natural seawater and continuous water flow to simulate the ocean environment. They found that the larvae of Montipora capitata, a primary reef-building coral in Hawaii, were 20 times more likely to settle on substrates sprayed with SNAP-X, and the settlements became denser when the team increased the concentration of the metabolites in SNAP-X.

Given that some species of coral reproduce by releasing their eggs and sperm at the exact same time every year, the researchers recommend syncing SNAP-X deployment with the coral's spawning cycle to support natural coral recruitment. Depending on the species of coral, scientists can also tweak the ingredients of SNAP-X to include different metabolites and chemical signals that support the development of coral reefs.

The team is now working on methods to scale up the production of SNAP-X. Because the ink contains no living materials, they hope that it will soon be approved for application in the real world.

"It's really exciting to be able to learn from adjacent disciplines like materials science and bioengineering," says Wangpraseurt. "I think a lot of the technologies for restoring and protecting our environment are already there, we just need to look outside the box into other fields of study."
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UV light and CT scans helped scientists unlock hidden details in a beautifully-preserved fossil Archaeopteryx | ScienceDaily

Like all Archaeopteryx fossils, the Chicago specimen was found in limestone deposits near Solnhofen, Germany. This particular specimen was found by a private fossil collector prior to 1990, and had been in private hands since 1990. A coalition of supporters helped the Field Museum procure it; it arrived at the museum in August 2022.

"When we first got our Archaeopteryx, I was like, this is very, very, very cool, and I was beyond excited. But at the same time, Archaeopteryx has been known for over 160 years, so I wasn't sure what new things we would be able to learn," says Jingmai O'Connor, the Field Museum's associate curator of fossil reptiles and lead author of the paper. "But our specimen is so well-preserved and so well-prepared that we're actually learning a ton of new information, from the tip of its snout to the tip of its tail."

Archaeopteryx, which lived about 150 million years ago during the Jurassic Period, was a small animal -- the Chicago specimen in particular is the smallest one known, only about the size of a pigeon. Its tiny, hollow bones are preserved in a slab of extremely hard limestone. "When you have such a delicate fossil, you can't completely remove it from the surrounding rock matrix the way you do with something big and solid like a T. rex," says O'Connor. "So when we prepared it, we carefully chipped away the bits of rock covering the fossil."

A team of fossil preparators, led by the Field Museum's chief fossil preparator Akiko Shinya, spent over a year working on the Chicago Archaeopteryx. The work was incredibly detailed. Even seeing where the fossil ended and the rock matrix began was a challenge, because the preserved bones and tissues are nearly the same color as the surrounding rock. The CT scan was also used to better delineate the boundaries of the fossil.

"A CT scanner is essentially a machine that takes a series of X-rays, which it uses to build a three-dimensional image, based on differences in density. It lets you see inside things," says O'Connor. "CT scanning was very important for our preparation process -- it let us know things like, the bone is exactly 3.2 millimeters below the surface of the rock, which let us know exactly how far we could go before we would hit the bone. This is the first time a complete Archaeopteryx has been CT scanned and the data made available."

The team was further guided by the use of UV light to illuminate pieces of the fossil's skeleton and even its soft tissues, like scales on the bottom of the toes. "Previous studies have shown that there's something in the chemical composition of Solnhofen fossils that makes the soft tissues fluoresce, or glow under UV light," says O'Connor. "So our amazing prep team utilized UV light periodically through the preparation process to make sure that they weren't accidentally removing any soft tissues that you can't see with the naked eye."

This careful, technology-guided preparation led to more fine details being preserved in the Chicago Archaeopteryx than in any other specimen. "We're lucky in that this specimen happens to be extremely well-preserved, but we can also see features that probably were preserved in other specimens, but which didn't make it through cruder preparation processes in the past," says O'Connor. "Having the preparation of this specimen done by scientists whose goal was to preserve as much tissue and bone as possible made a huge difference."




While there's a lot to learn from the Chicago Archaeopteryx, in this paper, O'Connor and her team focused on a few areas in particular: the head, the hands and feet, and the wing feathers.

"The bones in the roof of the mouth help us learn about the evolution of something called cranial kinesis -- a feature in modern birds that lets the beak move independently from the braincase. That might not sound exciting, but to people who study bird evolution, it's really important, because it's been hypothesized that being able to evolve specialized skulls for different ecological niches might have helped birds evolve into more than 11,000 species today," says O'Connor. Meanwhile, soft tissues preserved in the Chicago Archaeopteryx's hands and feet bolster ideas that Archaeopteryx spent a lot of its time walking on the ground and might even have been able to climb trees.

The Chicago Archaeopteryx's wing feathers factor into a long-standing scientific debate about the origins of flight in dinosaurs. "Archaeopteryx isn't the first dinosaur to have feathers, or the first dinosaur to have 'wings.' But we think it's the earliest known dinosaur that was able to use its feathers to fly," says O'Connor. "This is actually my favorite part of the paper, the part that provides evidence that Archaeopteryx was using its feathered wings for flying."

The key to Archaeopteryx's flight might be a set of feathers never before seen in a member of its species: a long set of feathers on the upper arm, called tertials.

"Compared to most living birds, Archaeopteryx has a very long upper arm bone," says O'Connor. "And if you're trying to fly, having a long upper arm bone can create a gap between the long primary and secondary feathers of the wing and the rest of your body. If air passes through that gap, that disrupts the lift you're generating, and you can't fly."

However, modern birds have evolved a solution to this problem: a shorter upper arm bones, and a set of tertial feathers to fill the gap between the bird's body and the rest of its wing.




"Our specimen is the first Archaeopteryx that was preserved and prepared in such a way that we can see its long tertial feathers," says O'Connor. "These feathers are missing in feathered dinosaurs that are closely related to birds but aren't quite birds. Their wing feathers stop at the elbow. That tells us that these non-avian dinosaurs couldn't fly, but Archaeopteryx could. This also adds to evidence that suggests dinosaurs evolved flight more than once -- which I think is super exciting."

O'Connor says that this initial study is just the beginning for the Chicago Archaeopteryx. "We're learning something exciting and new from just about every part of the body that we have preserved. And this paper is really just the tip of the iceberg," she says.

This study was contributed to by Jingmai O'Connor, Alex Clark, Pei-Chen Kuo, Yosef Kiat, Matteo Fabbri, Akiko Shinya, Constance Van Beek, Jing Lu, Min Wang, and Han Hu.
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Scientists discover new way the brain learns | ScienceDaily
Neuroscientists at the Sainsbury Wellcome Centre (SWC) at UCL have discovered that the brain uses a dual system for learning through trial and error. This is the first time a second learning system has been identified, which could help explain how habits are formed and provide a scientific basis for new strategies to address conditions related to habitual learning, such as addictions and compulsions. Published today in Nature, the study in mice could also have implications for developing therapeutics for Parkinson's.


						
"Essentially, we have found a mechanism that we think is responsible for habits. Once you have developed a preference for a certain action, then you can bypass your value-based system and just rely on your default policy of what you've done in the past. This might then allow you to free up cognitive resources to make value-based decisions about something else," explained Dr Marcus Stephenson-Jones, Group Leader at SWC and lead author of the study.

The researchers uncovered a dopamine signal in the brain that acts as a different kind of teaching signal to the one previously known. Dopamine signals in the brain were already understood to form reward prediction errors (RPE), where they signal to the animal whether an actual outcome is better or worse than expected. In this new study, the scientists discovered that, in parallel to RPE, there is an additional dopamine signal, called action prediction error (APE), which updates how often an action is performed. These two teaching signals give animals two different ways of learning to make a choice, learning to choose either the most valuable option or the most frequent option.

"Imagine going to your local sandwich shop. The first time you go, you might take your time choosing a sandwich and, depending on which you pick, you may or may not like it. But if you go back to the shop on many occasions, you no longer spend time wondering which sandwich to select and instead start picking one you like by default. We think it is the APE dopamine signal in the brain that is allowing you to store this default policy," explained Dr Stephenson-Jones.

The newly discovered learning system provides a much simpler way of storing information than having to directly compare the value of different options. This might free up the brain to multi-task. For example, once you have learned to drive, you can also hold a conversation with someone during your journey. While your default system is doing all the repetitive tasks to drive the car, your value-based system can decide what to talk about.

Previous research discovered the dopamine neurons needed for learning reside in three areas of the midbrain: the ventral tegmental area, substantia nigra pars compacta, and substantia nigra pars lateralis. While some studies showed that these neurons were involved in coding for reward, earlier research found that half of these neurons code for movement, but the reason remained a mystery.

RPE neurons project to all areas of the striatum apart from one, called the tail of the striatum. Whereas the movement-specific neurons project to all areas apart from the nucleus accumbens. This means that the nucleus accumbens exclusively signals reward, and the tail of the striatum exclusively signals movement.




By investigating the tail of the striatum, the team were able to isolate the movement neurons and discover their function. To test this, the researchers used an auditory discrimination task in mice, which was originally developed by scientists at Cold Spring Harbor Laboratory. Co first authors, Dr Francesca Greenstreet, Dr Hernando Martinez Vergara and Dr Yvonne Johansson, used a genetically encoded dopamine sensor, which showed that dopamine release in this area was not related to reward, but it was related to movement.

"When we lesioned the tail of the striatum, we found a very characteristic pattern. We observed that lesioned mice and control mice initially learn in the same way, but once they get to about 60-70% performance, i.e. when they develop a preference (for example, for a high tone go left, for a low tone, go right), then the control mice rapidly learn and develop expert performance, whereas the lesioned mice only continue to learn in a linear fashion. This is because the lesioned mice can only use RPE, whereas the control mice have two learning systems, RPE and APE, which contribute to the choice," explained Dr Stephenson Jones.

To further understand this, the team silenced the tail of striatum in expert mice and found that this had a catastrophic effect on their performance in the task. This showed that while in early learning animals form a preference using the value-based system based on RPE, in late learning they switch to exclusively use APE in the tail of striatum to store these stable associations and drive their choice. The team also used extensive computational modelling, led by Dr Claudia Clopath, to understand how the two systems, RPE and APE, learn together.

These findings hint at why it is so hard to break bad habits and why replacing an action with something else may be the best strategy. If you replace an action consistently enough, such as chewing on nicotine gum instead of smoking, the APE system may be able to take over and form a new habit on top of the other one.

"Now that we know this second learning system exists in the brain, we have a scientific basis for developing new strategies to break bad habits. Up until now, most research on addictions and compulsions has focused on the nucleus accumbens. Our research has opened up a new place to look in the brain for potential therapeutic targets," commented Dr Stephenson Jones.

This research also has potential implications for Parkinson's, which is known to be caused by the death of midbrain dopamine neurons, specifically in substantia nigra pars compacta. The type of cells that have been shown to die are movement-related dopamine neurons, which may be responsible for coding APE. This may explain why people with Parkinson's experience deficits in doing habitual behaviours such as walking, however they do not experience deficits in more flexible behaviours such as ice skating.

"Suddenly, we now have a theory for paradoxical movement in Parkinson's. The movement related neurons that die are the ones that drive habitual behaviour. And so, movement that uses the habitual system is compromised, but movement that uses your value-based flexible system is fine. This gives us a new place to look in the brain and a new way of thinking about Parkinson's," concluded Dr Stephenson-Jones.

The research team is now testing whether APE is really needed for habits. They are also exploring what exactly is being learned in each system and how the two work together. This research was funded by an EMBO Long-Term Fellowship (ALTF 827-2018), a Swedish Research Council International Postdoc Grant (2020-06365), the Sainsbury Wellcome Centre Core Grant from the Gatsby Charitable Foundation and Wellcome (219627/Z/19/Z), the Sainsbury Wellcome Centre PhD Programme, and a European Research Council grant (Starting #557533).
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A downside of taurine: It drives leukemia growth | ScienceDaily
A new scientific study identified taurine, which is made naturally in the body and consumed through some foods, as a key regulator of myeloid cancers such as leukemia, according to a paper published in the journal Nature.


						
The preclinical research shows that scientists are a step closer to finding new ways to target leukemia, which is one of the most aggressive blood cancers. The Wilmot Cancer Institute investigators at the University of Rochester were able to block the growth of leukemia in mouse models and in human leukemia cell samples by using genetic tools to prevent taurine from entering cancer cells.

Led by Jeevisha Bajaj, PhD, the research team discovered that taurine is produced by a subset of normal cells in the bone marrow microenvironment, the tissue inside bones where myeloid cancers begin and expand. Leukemia cells are unable to make taurine themselves, so they rely on a taurine transporter (encoded by the SLC6A6 gene) to grab taurine from the bone marrow environment and deliver it to the cancer cells.

The discovery occurred as scientists were mapping what happens within the bone marrow and its ecosystem -- a longtime focus among Wilmot researchers, who have advanced the science around the microenvironment with the goal of improving blood cancer treatments.

"We are very excited about these studies because they demonstrate that targeting uptake by myeloid leukemia cells may be a possible new avenue for treatment of these aggressive diseases," said Bajaj, an assistant professor in the Department of Biomedical Genetics and a member of Wilmot's Cancer Microenvironment research program.

Researchers also discovered that as leukemia cells drink up taurine, it promotes glycolysis (a breakdown of glucose to produce energy) to feed cancer growth. Prior to this, the authors said, it was not known that taurine might have a cancer-promoting role.

Leukemia has several subtypes and survival rates vary. This study finds that taurine transporter expression is essential for the growth of multiple subtypes including acute myeloid leukemia (AML), chronic myeloid leukemia (CML), and myelodysplastic syndromes (MDS), which all originate from blood stem cells in the bone marrow. Future studies will investigate signals from the microenvironment that promote the transition of MDS, a precursor to leukemia, to acute leukemia.




What is Taurine?

The non-essential amino acid is not only found naturally in the bone marrow, but also in the brain, heart, and muscles. Foods such as meats, fish, and eggs, contain taurine. It is also a key ingredient in some energy drinks and protein powders and anecdotally has been used by cancer patients.

It's a hot area of research that's still developing -- and where context matters, Bajaj said. Last year, for example, a research article in the journal Cell, showed results of a taurine investigation into gastric cancers and found that supplements could possibly benefit some patients by boosting the immune system.

Jane Liesveld, MD, a Wilmot oncologist who treats people with leukemia and co-authored the Nature paper, noted that scientists still have a lot to learn about how leukemia cells are reprogrammed and draw energy to thrive and resist treatments.

"Dr. Bajaj's work shows that local levels of taurine in bone marrow may enhance leukemia growth, suggesting caution in use of high-dose taurine supplementation," Liesveld said.

"Metabolic reprogramming is a hallmark of cancer, and we are at the very beginning of understanding metabolic effects on leukemia cells," she added. "The prior focus has been on genetic changes, but the focus is expanding to understanding how leukemia cells are able to hijack various metabolic pathways for their own survival."

In conclusion, the Wilmot team states in its Nature paper: "Since taurine is a common ingredient in energy drinks and is often provided as a supplement to mitigate the side effects of chemotherapy, our work suggests that it may be of interest to carefully consider the benefits of supplemental taurine in leukemia patients."

Future studies should investigate levels of taurine in people with leukemia, Bajaj said. But most importantly: "Our current data suggest that it would be helpful to develop stable and effective ways to block taurine from entering leukemia cells," she said.

The study involved a broad collaboration between the Bajaj laboratory, the Genomics Research Center led by John Ashton, PhD, MBA, members of the Wilmot Cancer Microenvironment program and the Genetics, Epigenetics and Metabolism (GEM) program. Data from a former Wilmot faculty member, Craig Jordan, PhD, also contributed to the report. Co-first authors on the paper, who conducted much of the work in the Bajaj lab, are: Sonali Sharma, PhD, post-doctoral associate; Benjamin Rodems, MS, senior technician; Cameron Baker, MS, senior bioinformatics analyst; and Christina Kaszuba, PhD student. Primary funders were the National Cancer Institute and the National Institute of Diabetes and Digestive and Kidney Disease, both of which are part of the National Institutes of Health. Also, the American Society of Hematology, the Leukemia Research Foundation, and Leukemia & Lymphoma Society.
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New global model shows how to bring environmental pressures back to 2015 levels by 2050 | ScienceDaily

The planetary boundaries framework, first introduced by an international team of scientists in 2009, defines nine critical Earth system processes that maintain the conditions under which human societies have flourished for the past 10,000 years. Crossing these boundaries increases the risk of destabilising the Earth system, pushing it into a much less hospitable state. To date, scientists estimate that six of these nine boundaries have already been crossed -- those related to climate change, biosphere integrity, freshwater availability, land use, nutrient pollution and novel entities.

Coming back from the brink

This new study for the first time shifts focus to the future, exploring whether ambitious but technically feasible policies could change our trajectory. "This is the first time we've used a forward-looking global model to ask: how do things develop if we continue like this? Can we still avoid transgressing or come back from transgressing these boundaries? And if so, what would it take?" says Van Vuuren.

To answer these questions, the Planetary Boundaries framework was coupled to a comprehensive Integrated Assessment Model -- Integrated Model to Assess the Global Environment (IMAGE) -- which describes future human development and the possible impacts on the global environment. The model projected outcomes for eight of the nine planetary boundaries under different future scenarios, including those with strong environmental policy action.

Critical systems like climate and biodiversity are already outside safe limits, with most exceeding even the high-risk thresholds, indicating a looming multi-crisis scenario. Using projections for 2030, 2050, and 2100, the study shows that under current trends, all planetary boundaries except for ozone depletion are expected to be breached by 2050. "If we continue down pathways focused on national or local interests, things could deteriorate even further, emphasising the need for coordinated global action," says Van Vuuren.

Five key measures to bend the curve

The researchers identify five measures that together could significantly reduce environmental transgression:
    	    


Climate mitigation: Achieving the 1.5degC Paris Agreement target through aggressive reduction of greenhouse gas emissions
    
    	    Food-consumption change: A widespread shift to diets that are both healthy and good for the environment, as defined by the EAT-Lancet Commission, reaching 80% global uptake by 2050
    
    	    Reduction of food waste: Halving global food waste by reducing losses in supply chains and overconsumption
    
    	    Improved water-use efficiency: Reducing water withdrawal for energy, households, and industry by 20%, and for irrigation by 30%, to ensure environmental sustainability
    
    	    Improved nitrogen-use efficiency: Increasing nutrient-use efficiency to 70-80% in agriculture by 2050, up from 50% today
    

Combined, these measures could return the pressure on our planet to roughly that of 2015 -- a marked improvement over business-as-usual projections and a crucial step toward ensuring long-term human wellbeing while staying within the Earth's limits.




Strong action needed

The study also shows it is possible to bring some of the planet's systems back into the "safe zone" by 2050 if strong policies are put in place. However, for other systems, even the most ambitious efforts may not be enough by then, and we would still be exceeding safe limits. "To ensure a livable planet in the long run, even stronger actions will be needed beyond 2050," says Van Vuuren.

The authors caution that the assumptions behind these scenarios are ambitious. "Systems are slow to change and we're modelling near-universal shifts -- like widespread dietary changes -- which may be overly optimistic given current global trends," they note.

"Nonetheless, the message is clear. We can still bend the curve," says Van Vuuren. "While we can't fully avoid all overshoot, we can come much closer to living within planetary boundaries. That makes a big difference." In other words, he adds, "The planet is seriously ill, but it's certainly not terminal yet."
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CT scanning helps reveal path from rotten fish to fossil | ScienceDaily
Scientists have found that X-Ray scanning reveals secrets of fossil formation without disturbing the decay of buried carcasses.


						
A new study published in Palaeontology has confirmed that X-ray computed tomography (XCT scanning) can be used to monitor decomposing organisms without altering the natural decay process -- a vital step for understanding how fossils form.

A research team from the University of Birmingham entombed dead zebrafish within sediment to test whether repeatedly zapping decaying specimens with X-rays would change how they decompose. Their findings suggest this non-invasive imaging technique allows scientists to watch decay happen in real-time without disturbing the process -- unlike traditional methods that require digging up and potentially damaging specimens.

"It's like getting a snapshot of nature's natural recycling program," said Dr Iacopo Cavicchini, lead author on the study. "Previous methods were like trying to observe a smelly bag of goop by digging it up -- it's very difficult and you inevitably alter what you're trying to study."

The research addresses a significant challenge in taphonomy -- the study of how organisms decay and become fossils. Traditional decay experiments require researchers to unearth specimens to observe them, causing artificial damage or disarticulation that can mess with the results. In order to test if CT scanning could be used in their experiments, the research team wanted to know whether X-ray exposure would interfere with the bacteria that drive decay.

Their findings showed that the microbes continued to decay the carcass, unimpeded by periodic exposure to X rays -- proving the technique serves as a crucial stepping stone toward more sophisticated non-invasive decay experiments that better mimic natural conditions of fossil formation.

"This study validates an important non-destructive tool for palaeontologists and forensic scientists alike," said Dr Thomas Clements, who supervised the project, now based at Friedrich-Alexander-Universitat Erlangen-Nurnberg. "We can now watch decay within sediments, providing unprecedented insights into the processes that ultimately create fossils."

Perhaps the most explosive finding in this study was the ability to witness -- in high definition -- the dramatic buildup of decomposition gases inside the fish carcasses before they eventually pop. "We essentially created decaying fish fart surveillance," said Dr Cavicchini, "which sounds silly until you realise it's providing crucial insights into how internal cavities collapse during fossilisation."
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Recognition from colleagues helps employees cope with bad work experiences | ScienceDaily
Being appreciated by colleagues can help employees cope with negative experiences at work, according to a new study involving the University of East Anglia (UEA).


						
Researchers found that employees experience 'embitterment' -- an emotional response to perceived workplace injustice -- on days when they are assigned more unreasonable tasks than usual.

This negative emotion not only affects their work but also spills over into their personal lives, leading to an increase in rumination, the repetitive dwelling on negative feelings and their causes. This can result in difficulty detaching from work, ultimately preventing recovery from job-related stress.

The findings also reveal that this harmful cycle takes place mainly on days when employees receive less appreciation from their colleagues than usual.

Published today in the journal Work & Stress, the study involved researchers from UEA, in the UK, the University of Cyprus, and Aristotle University of Thessaloniki, in Greece.

The authors say it emphasises the importance of workplace recognition in mitigating the emotional toll of perceived 'illegitimate' tasks that are considered as unnecessary and/or unreasonable, and how this can help protect employees' wellbeing.

Co-author George Michaelides, Professor of Work Psychology at UEA's Norwich Business School, said: "Our findings underscore how assigning unreasonable tasks can violate employees' sense of fairness and harm their emotional wellbeing. It also emphasises the crucial role of supervisors in minimising such tasks and prioritising core responsibilities.




"Additionally, fostering a culture of appreciation among colleagues can serve as a protective factor, helping employees cope with workplace stress. Organisations can support this by equipping employees with the skills to express gratitude effectively, creating a more positive and resilient work environment."

Lead author Dr Evie Michailidis, from the University of Cyprus, added: "The importance of appreciation for mitigating feelings of embitterment cannot be overstated. Without appreciation, unreasonable tasks foster feelings of embitterment that spill over into private lives, making it harder to mentally disconnect and recover after work."

The study highlights the dynamic nature of embitterment and suggests that unnecessary and unreasonable tasks are potential predictors of this emotion, which in turn can interfere with employees' ability to recover from work during their time off.

Most importantly, it allowed the team to test the boundary conditions under which these relationships are stronger or weaker.

Unnecessary tasks could be those employees believe perceive as pointless and lacking relevance to their role -- for example writing a report that no one will read -- undermining their sense of purpose and value in the workplace.

Unreasonable tasks are often those employees consider exceed their role, capabilities, or responsibilities -- such as asking a senior employee to perform a novice's work -- generating a sense of injustice because they might violate expectations of fairness and respect in the workplace.

Appreciation has been recognised as an important buffer to the effect of illegitimate tasks and the threat to professional identity an employee experiences when exposed to them. It refers to getting recognition for achievements and qualities by?significant others at work, such as supervisors or colleagues.

The team collected data from 71 employees using daily surveys over five working days. These surveys helped the researchers track individual's feelings of embitterment, the degree to which they had to engage with illegitimate tasks, how much appreciation they felt from their colleagues and supervisors, and how much they thought about work during their time off.

Participants worked in different industry sectors, with most in accounting and finance.
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Palaeontologists discover 506-million-year-old predator | ScienceDaily
Palaeontologists at the Manitoba Museum and Royal Ontario Museum (ROM) have discovered a remarkable new 506-million-year-old predator from the Burgess Shale of Canada. The results are announced in a paper in the journal Royal Society Open Science.


						
Mosura fentoni was about the size of your index finger and had three eyes, spiny jointed claws, a circular mouth lined with teeth and a body with swimming flaps along its sides. These traits show it to be part of an extinct group known as the radiodonts, which also included the famous Anomalocaris canadensis, a meter-long predator that shared the waters with Mosura.

However, Mosura also possessed a feature not seen in any other radiodont: an abdomen-like body region made up of multiple segments at its back end.

"Mosura has 16 tightly packed segments lined with gills at the rear end of its body. This is a neat example of evolutionary convergence with modern groups, like horseshoe crabs, woodlice, and insects, which share a batch of segments bearing respiratory organs at the rear of the body," says Joe Moysiuk, Curator of Palaeontology and Geology at the Manitoba Museum, who led the study.

The reason for this intriguing adaptation remains uncertain, but the researchers postulate it may be related to particular habitat preference or behavioural characteristics of Mosura that required more efficient respiration.

With its broad swimming flaps near its midsection and narrow abdomen, Mosura was nicknamed the "sea-moth" by field collectors based on its vague appearance to a moth. This inspired its scientific name, which references the fictional Japanese kaiju also known as Mothra. Only distantly related to real moths -- as well as spiders, crabs, and millipedes -- Mosura belongs on a much deeper branch in the evolutionary tree of these animals, collectively known as arthropods.

"Radiodonts were the first group of arthropods to branch out in the evolutionary tree, so they provide key insight into ancestral traits for the entire group. The new species emphasizes that these early arthropods were already surprisingly diverse and were adapting in a comparable way to their distant modern relatives." says study co-author Jean-Bernard Caron, Richard M. Ivey Curator of Invertebrate Palaeontology at ROM.




Several fossils of Mosura additionally show details of internal anatomy, including elements of the nervous system, circulatory system, and digestive tract.

"Very few fossil sites in the world offer this level of insight into soft internal anatomy. We can see traces representing bundles of nerves in the eyes that would have been involved in image processing, just like in living arthropods. The details are astounding," Caron adds.

Instead of having arteries and veins like we do, Mosura had an "open" circulatory system, with its heart pumping blood into large internal body cavities called lacunae. These lacunae are preserved as reflective patches that fill the body and extend into the swimming flaps in the fossils.

"The well-preserved lacunae of the circulatory system in Mosura help us to interpret similar, but less clear features that we've seen before in other fossils. Their identity has been controversial," adds Moysiuk, who is also a Research Associate at ROM. "It turns out that preservation of these structures is widespread, confirming the ancient origin of this type of circulatory system."

Of the 61 fossils of Mosura, all except one were collected by ROM between 1975 and 2022, mostly from the Raymond Quarry in Yoho National Park, British Columbia. Some also came from new areas around Marble Canyon in Kootenay National Park, 40 km to the southeast, which have revealed spectacular new Burgess Shale fossils, including other radiodonts: Stanleycaris, Cambroraster and Titanokorys. One previously unpublished specimen of Mosura was also studied that had been collected by Charles Walcott, the discoverer of the Burgess Shale.

"Museum collections, old and new, are a bottomless treasure trove of information about the past. If you think you've seen it all before, you just need to open up a museum drawer," Moysiuk says.

The Burgess Shale fossil sites are located within Yoho and Kootenay National Parks and are managed by Parks Canada. Parks Canada is proud to work with leading scientific researchers to expand knowledge and understanding of this key period of Earth's history and to share these sites with the world through award-winning guided hikes. The Burgess Shale was designated a UNESCO World Heritage Site in 1980 due to its outstanding universal value and is now part of the larger Canadian Rocky Mountain Parks World Heritage Site.

Many radiodont fossils can be seen on display in ROM's Willner Madge Gallery, Dawn of Life, in Toronto, and a specimen of Mosura will be exhibited for the first time at the Manitoba Museum in Winnipeg later this year.

For 50 years, ROM has been at the forefront of Burgess Shale research, uncovering dozens of new fossil sites and species. Located in the Canadian Rocky Mountain Parks of British Columbia, the Burgess Shale fossils are exceptionally preserved and provide one of the best records of marine life during the Cambrian period anywhere.
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Not all orangutan mothers raise their infants the same way | ScienceDaily
A new study of wild Sumatran orangutans by researchers at the Max Planck Institute of Animal Behavior (MPI-AB) has found that mothers consistently differ in their maternal behaviors toward their infants, even after controlling for biological, social, and environmental factors. Mothers also consistently vary from one another in how flexibly they adjust their parenting as their infants grow. For this study, the researchers analysed data on six maternal behaviors collected over 15 years.


						
"Our study shows that Sumatran orangutan mothers are not all the same when it comes to parenting behaviors," said Revathe Thillaikumar, a postdoctoral researcher at MPI-AB and first author of the study. "For example, we found that during the developmental period, some mothers consistently carried their infants more than others, while some terminated body contact more frequently than others. What was especially interesting is that these differences stayed consistent across the different infants of a mother, even when we accounted for factors known to affect maternal behavior."

Because Sumatran orangutans have the longest known infant dependency of any nonhuman animal, the researchers also examined how maternal behavior changes as infants develop. "We found that mothers made flexible adjustments to their parenting behaviors and that they consistently differed from one another in how they made these adjustments. For example, while all mothers tended to terminate spatial proximity more frequently as their infants grew older, some mothers consistently did so more than others across all their offspring," added Revathe.

The study examined six behaviors of wild Sumatran orangutan mothers towards their infants: body contact, staying close, carrying, and feeding nearby. These maternal behaviors are important because they influence how infants are able to learn skills directly from their mothers and how safely they can navigate dense canopies in a tropical rainforest. Data were collected at the Suaq Balimbing research site in Indonesia on 22 mother-infant pairs from over 6000 observational hours. The researchers found consistent differences in many of the studied maternal behaviors.

Caroline Schuppli, a group leader at MPI-AB and senior author of the study says: "The consistent differences among mothers -- both in the extent of their behaviors and in how these behaviors changed over the course of infant development -- suggest that orangutans may possess individual maternal personalities."

Regarding the broader implications of their findings, Schuppli added: "We do not yet know whether differences in maternal behaviors bring about differences in aspects of infant development. Due to the many years that orangutans take to develop, we need at least a decade more to accumulate the data needed to investigate the effect of these differences on infant development."
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New computer language helps spot hidden pollutants | ScienceDaily
Biologists and chemists have a new programming language to uncover previously unknown environmental pollutants at breakneck speed -- without requiring them to code. By making it easier to search massive chemical datasets, the tool has already identified toxic compounds hidden in plain sight.


						
Mass spectrometry data is like a chemical fingerprint, showing scientists what molecules are in a sample such as air, water, or blood, and in what amounts. It helps identify everything from pollutants in water to chemicals in new medicines.

Developed at UC Riverside, Mass Query Language, or MassQL, functions like a search engine for mass spectrometry data, enabling researchers to find patterns that would otherwise require advanced programming skills. Technical details about the language, and an example of how it helped identify flame retardant chemicals in public waterways, are described in a new Nature Methods journal article.

"We wanted to give chemists and biologists, who are generally not also computer scientists, the ability to mine their data exactly how they want to, without having to spend months or years learning to code," said Mingxun Wang, UCR assistant professor of computer science, who created the language.

Demonstrating the effectiveness of the language, Nina Zhao, a UCR postdoctoral student now at UC San Diego, used MassQL to sift through the entire world's mass spectrometry data on water samples that has been made available to the public. She was looking for organophosphate esters, which are generally found in flame retardants.

"There are quite literally a billion measurements of molecules in this data. You cannot go through it manually," said Wang. "However, the language acts like a filter, in a sense, for these chemicals, and it pulled out thousands of them."

In addition to finding known chemicals in the water samples, they also found organophosphate compounds that have not been previously described or catalogued, and some chemicals that are the product of organophosphates breaking down over time.




"These chemicals can cause a lot of problems for human and animal health, and for entire ecosystems. They were designed to be flame retardants or plasticizers, but they can cause endocrine and sexual system disruptions, as well as cardiovascular problems," Zhao said.

Before plans can be made for handling or removing toxic chemicals from our environment, scientists need to know what is present. That's where MassQL comes in handy for scientists like Zhao.

"The language allows me to track everything that's ever been detected in all data on air, soil, water, and even in the human body. Whatever exists, we can search for chemicals in there," she said.

One of the challenges in creating MassQL was in getting a consensus of life scientists to agree on the definition of terms the software would use. "Both chemists and computer scientists have to understand it, and the software has to be able to operate on it," Wang said.

For this reason, about 70 scientists consulted in the development phase. They all gave their feedback on the most important information terms and how to express it in the MassQL language.

The research team also wanted to demonstrate that the language could be useful in a variety of real-life situations. In addition to Zhao's project, the paper details more than 30 applications in which MassQL could be applied.

Sample-use cases include the detection of fatty acids as markers of alcohol poisoning, looking for new drugs to solve the looming antibiotic resistance crisis, learning about the chemicals that bacteria use to communicate with one another, and finding forever chemicals on playgrounds.

In the past, Wang would get requests for software that could look for data patterns specific to all of these different kinds of applications.

"I thought I could do something to save myself time," he said. "I wanted to create one language that could handle multiple kinds of queries. And now we have. I'm excited to hear about the discoveries that could come from this."
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Eldercare robot helps people sit and stand, and catches them if they fall | ScienceDaily
The United States population is older than it has ever been. Today, the country's median age is 38.9, which is nearly a decade older than it was in 1980. And the number of adults older than 65 is expected to balloon from 58 million to 82 million by 2050. The challenge of caring for the elderly, amid shortages in care workers, rising health care costs, and evolving family structures, is an increasingly urgent societal issue.


						
To help address the eldercare challenge, a team of MIT engineers is looking to robotics. They have built and tested the Elderly Bodily Assistance Robot, or E-BAR, a mobile robot designed to physically support the elderly and prevent them from falling as they move around their homes.

E-BAR acts as a set of robotic handlebars that follows a person from behind. A user can walk independently or lean on the robot's arms for support. The robot can support the person's full weight, lifting them from sitting to standing and vice versa along a natural trajectory. And the arms of the robot can them by rapidly inflating side airbags if they begin to fall.

With their design, the researchers hope to prevent falls, which today are the leading cause of injury in adults who are 65 and older.

"Many older adults underestimate the risk of fall and refuse to use physical aids, which are cumbersome, while others overestimate the risk and may not to exercise, leading to declining mobility," says Harry Asada, the Ford Professor of Engineering at MIT. "Our design concept is to provide older adults having balance impairment with robotic handlebars for stabilizing their body. The handlebars go anywhere and provide support anytime, whenever they need."

In its current version, the robot is operated via remote control. In future iterations, the team plans to automate much of the bot's functionality, enabling it to autonomously follow and physically assist a user. The researchers are also working on streamlining the device to make it slimmer and more maneuverable in small spaces.

"I think eldercare is the next great challenge," says E-BAR designer Roberto Bolli, a graduate student in the MIT Department of Mechanical Engineering. "All the demographic trends point to a shortage of caregivers, a surplus of elderly persons, and a strong desire for elderly persons to age in place. We see it as an unexplored frontier in America, but also an intrinsically interesting challenge for robotics."

Bolli and Asada will present a paper detailing the design of E-BAR at the IEEE Conference on Robotics and Automation (ICRA) later this month.




Home support

Asada's group at MIT develops a variety of technologies and robotic aides to assist the elderly. In recent years, others have developed fall prediction algorithms, designed robots and automated devices including robotic walkers, wearable, self-inflating airbags, and robotic frames that secure a person with a harness and move with them as they walk.

In designing E-BAR, Asada and Bolli aimed for a robot that essentially does three tasks: providing physical support, preventing falls, and safely and unobtrusively moving with a person. What's more, they looked to do away with any harness, to give a user more independence and mobility.

"Elderly people overwhelmingly do not like to wear harnesses or assistive devices," Bolli says. "The idea behind the E-BAR structure is, it provides body weight support, active assistance with gait, and fall catching while also being completely unobstructed in the front. You can just get out anytime."

The team looked to design a robot specifically for aging in place at home or helping in care facilities. Based on their interviews with older adults and their caregivers, they came up with several design requirements, including that the robot must fit through home doors, allow the user to take a full stride, and support their full weight to help with balance, posture, and transitions from sitting to standing.

The robot consists of a heavy, 220-pound base whose dimensions and structure were optimized to support the weight of an average human without tipping or slipping. Underneath the base is a set of omnidirectional wheels that allows the robot to move in any direction without pivoting, if needed. (Imagine a car's wheels shifting to slide into a space between two other cars, without parallel parking.)

Extending out from the robot's base is an articulated body made from 18 interconnected bars, or linkages, that can reconfigure like a foldable crane to lift a person from a sitting to standing position, and vice versa. Two arms with handlebars stretch out from the robot in a U-shape, which a person can stand between and lean against if they need additional support. Finally, each arm of the robot is embedded with airbags made from a soft yet grippable material that can inflate instantly to catch a person if they fall, without causing bruising on impact. The researchers believe that E-BAR is the first robot able to catch a falling person without wearable devices or use of a harness.




They tested the robot in the lab with an older adult who volunteered to use the robot in various household scenarios. The team found that E-BAR could actively support the person as they bent down to pick something up from the ground and stretched up to reach an object off a shelf -- tasks that can be challenging to do while maintaining balance. The robot also was able to lift the person up and over the lip of a tub, simulating the task of getting out of a bathtub.

Bolli envisions a design like E-BAR would be ideal for use in the home by elderly people who still have a moderate degree of muscle strength but require assistive devices for activities of daily living.

"Seeing the technology used in real-life scenarios is really exciting," says Bolli.

In their current paper, the researchers did not incorporate any fall-prediction capabilities in E-BAR's airbag system. But another project in Asada's lab, led by graduate student Emily Kamienski, has focused on developing algorithms with machine learning to control a new robot in response to the user's real-time fall risk level.

Alongside E-BAR, Asada sees different technologies in his lab as providing different levels of assistance for people at certain phases of life or mobility.

"Eldercare conditions can change every few weeks or months," Asada says. "We'd like to provide continuous and seamless support as a person's disability or mobility changes with age."

This work was supported, in part, by the National Robotics Initiative and the National Science Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250513172033.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mapping a new brain network for naming | ScienceDaily
How are we able to recall a word we want to say? This basic ability, called word retrieval, is often compromised in patients with brain damage. Interestingly, many patients who can name words they see, like identifying a pet in the room as a "cat," struggle with retrieving words in everyday discourse.


						
Scientists have long sought to understand how the brain retrieves words during speech. A new study by researchers at New York University sheds light on this mystery, revealing a left-lateralized network in the dorsolateral prefrontal cortex that plays a crucial role in naming. The findings, published in Cell Reports, provide new insights into the neural architecture of language, offering potential applications for both neuroscience and clinical interventions.

Mapping the Brain's Naming Network

Word retrieval is a fundamental aspect of human communication, allowing us to link concepts to language. Despite decades of research, the exact neural dynamics underlying this process -- particularly in natural auditory contexts -- remain poorly understood.

NYU researchers -- led by Biomedical Engineering Graduate Student Leyao Yu and Associate Professor of Biomedical Engineering at NYU Tandon and Neurology at NYU Grossman School of Medicine Adeen Flinker -- recorded electrocorticographic (ECoG) data from 48 neurosurgical patients to examine the spatial and temporal organization of language processing in the brain. By using unsupervised clustering techniques, the researchers identified two distinct but overlapping networks responsible for word retrieval. The first, a semantic processing network, was located in the middle and inferior frontal gyri. This network was engaged in integrating meaning and was sensitive to how surprising a word was within a given sentence. The second, an articulatory planning network, was situated in the inferior frontal and precentral gyri, which played a crucial role in speech production, regardless of whether words were presented visually or auditorily.

Auditory Naming and the Prefrontal Cortex

The study builds upon decades of work in language neuroscience. Previous research suggested that different regions of the brain were responsible for retrieving words depending on whether they were seen or heard. However, earlier studies relied on methods with limited temporal resolution, leaving many unanswered questions about how these networks interact in real time.




By leveraging the high spatial and temporal resolution of ECoG, the researchers uncovered a striking ventral-dorsal gradient in the prefrontal cortex. They found that while articulatory planning was localized ventrally, semantic processing was uniquely represented in a dorsal region of the inferior frontal gyrus and middle frontal gyrus -- a previously underappreciated hub for language processing.

"These findings suggest that a missing piece in our understanding of language processing lies in this dorsal prefrontal region," explains lead author Leyao Yu. "Our study provides the first direct evidence that this area is involved in mapping sounds to meaning in an auditory context."

Implications for Neuroscience and Medicine

The study has far-reaching implications, not only for theoretical neuroscience but also for clinical applications. Language deficits, such as anomia -- the inability to retrieve words -- are common in stroke, brain injury, and neurodegenerative disorders. Understanding the precise neural networks involved in word retrieval could lead to better diagnostics and targeted rehabilitation therapies for patients suffering from these conditions.

Additionally, the study provides a roadmap for future research in brain-computer interfaces (BCIs) and neuroprosthetics. By decoding the neural signals associated with naming, scientists could potentially develop assistive devices for individuals with speech impairments, allowing them to communicate more effectively through direct brain-computer communication.

For now, one thing is clear: our ability to name the world around us is not just a simple act of recall, but the result of a sophisticated and finely tuned neural system -- one that is now being revealed in greater detail than ever before.
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A plant you've never heard of can do what scientists once thought impossible | ScienceDaily
About 3.7 billion years ago, a string of naturally occurring amino -- the same kind that astronomers have found in meteorites and just recently in a stellar nursery near the center of the Milky Way Galaxy -- reacted with a naturally occurring catalyst and began the fateful process of self-assembled replication. One of the most fascinating questions in biology is how these simple rogue molecules resulted in the endless pageantry of bizarre creatures that exist today. Charles Darwin did a lot of the legwork when he refined the idea that life changes over time. He reasoned that if you take two groups from the same species and keep them separated long enough (on the order of thousands to millions of years), they eventually evolve into distinct species of their own.


						
For the impatient, there's a faster way to make new species. Hybridization, for example, often does the trick, but this can get messy because of something called introgression and can still take hundreds of years to occur naturally.

Many plants, and a few other organisms, can expedite diversification even further by doubling their number of chromosomes. This process is called autopolyploidy, and under the right conditions, it can generate new diversity instantaneously.

There are numerous ways that autopolyploidy can take place, but the general idea is straightforward. Through one mechanism or another, the reproductive cells in a plant make an extra copy of their DNA. Both of these copies then get passed down to the plant's offspring, giving it two identical sets of chromosomes. The new plant can still reproduce with other plants that have the normal chromosome complement, but their offspring aren't likely to survive.

Biologists used to think this was merely an interesting aberration, that autopolyploids were rare in nature, and those that did exist had little chance of establishing a viable population. This later turned out to be false; autopolyploids are common and have a high rate of survival. Biologists also reasoned that autopolyploids would not be able to coexist with their parent species. The number of chromosomes being the only difference between them, the old and new species would be competing for the same resources, and one of them would eventually win out. If both were to exist, they'd have to do so in different places. They were wrong about that, too.

That's the subject of a new theoretical study on a humble plant called beetleweed (Galax urceolata), which has not two but three different chromosome complements, called cytotypes, throughout parts of its range in the Appalachian Mountains.

"Through my fieldwork, I discovered that a single population could have a mishmash of cytotypes, which fascinated me," said the study's lead author, Shelly Gaynor, who completed the work as part of her doctoral dissertation at the University of Florida. "With this study, I set out to understand if these populations could persist over time. Would one cytotype eventually outcompete the others, or could all three cytotypes persist?"
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Enzymes from scratch | ScienceDaily

"If people could design very efficient enzymes from scratch, you could solve many important problems," said UCSB chemistry professor Yang Yang, a senior author on the paper. De novo design of enzymes could, for instance, overcome limitations in function and stability found in natural catalysts without losing their inherent selectivity and efficiency.

"For fundamental research, chemists and biologists have long been hoping to have the ability to design enzymes from scratch."

Bespoke protein catalysts

Catalysts, both biological and synthetic, are the workhorses of chemistry. They're responsible for enabling and accelerating the reactions that change the structures of target molecules. Enzymes in particular are "nature's privileged catalysts," according to Yang, because of the level of selectivity and efficiency these proteins have in catalyzing reactions.

However, natural enzymes tend to function under narrow conditions, favoring only certain molecules in certain environments. To bring the power of biocatalysis to more molecules, scientists are turning to de novo protein design, a bottom-up approach that uses amino acid building blocks to create proteins with specific structures and functions. The relatively small size of de novo proteins provides favorable efficiency relative to most enzymes; their excellent thermal and organic solvent stability can allow a wider range of temperatures and up to 60% of organic solvents, and it becomes possible to use a variety of cofactors, including those that are not found in nature, to further optimize the proteins for the desired result.

"So here, working with Bill DeGrado's group at UCSF and Peng Liu's group at Pitt, we have a workflow to convert a very simple and miniature helical bundle protein into very efficient and very selective enzymes to catalyze synthetically useful reactions," Yang said of the researchers' proof-of-concept. The project entailed using de novo protein design to create enzymes that can form carbon-carbon, or carbon-silicon bonds, for which "there is a lack of efficient natural enzymes," according to Yang.




Using the helical bundle protein as a framework, they then used state-of-the art artificial intelligence methods to design sequences of amino acids that underlie the protein structures with the desired functionalities and properties to turn the bundle into an enzyme.

"The earlier variants were reasonable catalysts, but they were not the best because the efficiency and selectivity were modest," Yang said of the initial results. Based on X-ray crystallography of the resulting protein, they found a "disorganized loop" in the structure where it was supposed to be a well-organized helix. A second round of design, using a loop searching algorithm this time, resulted in four of 10 designs with high activity and excellent stereoselectivity.

"In other words, although AI-based protein design methods are very useful, to have very good catalysts we still have to use our in-house algorithm and our chemical intuition to get everything done the right way," Yang said.

The success of this project demonstrates that de novo protein design can be a powerful tool in catalysis, one that can give chemists more efficient and selective reactions as well as products that aren't as easily reached with natural enzymes or small-molecule synthetic catalysts.

"If you really understand the design principles, then you can build a protein catalyst to use whatever cofactors you would like to use, and to achieve challenging transformations in water, the greenest solvent, as the reaction medium," Yang said.

Further work in the Yang lab, in collaboration with both the DeGrado lab and the Liu lab, will involve exploring ways to mimic natural enzyme function with simpler, smaller but equally active de novo enzymes, and to generate de novo enzymes that operate via mechanisms not previously known in nature.

Research in this paper was conducted by Kaipeng Hou, Wei Huang, Miao Qui, Thomas H. Tugwell, Turki Alturaifi, Yuda Chen, Xingjie Zhang, Lei Lu, and Samuel I. Mann.
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Hormone cycles shape the structure and function of key memory regions in the brain | ScienceDaily
Hormone levels fluctuate like the tides, ebbing and flowing according to carefully orchestrated cycles. These hormones not only influence the body, but can cross into the brain and shape the behavior of our neurons and cognitive processes. Recently, researchers at UC Santa Barbara used modern laser microscopy techniques to observe how fluctuations in ovarian hormones shape both the structure and function of neurons in the mouse hippocampus, a brain region crucial for memory formation and spatial learning in mammals. They found that hormone fluctuations during the mouse estrous cycle, a 4-day cycle analogous to the 28-day human menstrual cycle, powerfully influence the shape and behavior of hippocampal neurons.


						
"We've known for some time that ovarian hormones, and particularly estradiol -- a type of estrogen -- have important consequences for neurons' structure and function," said UCSB neuroscientist Michael Goard, senior author of a paper published in the journal Neuron. In the 1990s, ex vivo experiments examined female rodent brain tissue taken at different stages of the estrous cycle. They found that during the "proestrus" stage -- when estradiol levels peak -- neurons in the hippocampus tend to form more dendritic spines, small protuberances that extend from dendrites of neurons, and serve as the primary site of connections between neurons.

"To date, there was little understanding of how the estrous cycle affects neurons in living mice," said Nora Wolcott, the paper's lead author. Now, thanks to advanced microscopy techniques, Goard's team was able to measure the structure and activity of neurons across multiple estrous cycles, thereby gaining insight into sex hormones' role in brain plasticity and memory. Other authors on the paper include William Redman, Marie Karpinska, and Emily Jacobs.

Hormone-driven plasticity

Located deep in the mammalian brain, the hippocampus is a brain region primarily associated with memory and learning. Patients with hippocampal lesions are unable to learn new information or form new episodic memories. The hippocampus is also enriched with receptors for sex hormones, such as estrogen and progesterone, suggesting that sex hormones not only influence reproduction, but also cognitive functions like memory.

Taking up where previous studies left off, the researchers deployed two-photon laser scanning microscopy,tracking the formation and pruning of these dendritic spines in mice over several four-day estrous cycles. They observed many new spines during proestrus, which were then pruned as the cycle advanced through ovulation. These were not subtle changes -- the density of spines differed by 20-30% across the cycle, representing thousands of synaptic connections for each neuron.

"How does the ebb and flow of spines influence the function of brain cells? Perhaps this influences how neurons integrate signals from other neurons," Goard said. "You can imagine if they're suddenly adding more synaptic connections, the neurons are going to get a lot more input and this is going to affect how they respond."

To investigate, the scientists examined the action potential -- the 'firing' of the neuron -- and how the impulse propagates through the neuron. Typically, the dendrites receive the signal, which travels to the cell body and out to the axon. "But the signal also travels backward back through the dendrite, which is usually where the neuron receives information," Goard said. This backpropagating signal is thought to play a role in learning and memory consolidation. They found that during peak estradiol, the backpropagating signal traveled farther back into the dendrites, which the researchers suspect may have implications for plasticity -- the brain's ability to form new neural connections.




So what are the functional consequences of the increased dendritic spine density and backpropagation? One answer lay in the "place cells," or neurons in the hippocampus that fire when the animal is in a particular location in its environment -- they help build mental maps and aid with spatial learning and navigation. To test the animals' ability to learn and remember new places, the researchers let them explore different environments while measuring the activity of neurons in the hippocampus.

The researchers found that place cells responded to familiar locations most reliably during proestrus -- the high estradiol phase -- and were most variable when the estradiol was lowest. "This is the first time that these microscopic differences in neural structure and function have been tracked across time in the same animal," Wolcott pointed out.

These findings in mice have strong implications for humans as well. Indeed, work from co-author Emily Jacobs' lab found that endocrine rhythms across the menstrual cycle are tied to structural changes in the human hippocampus. While hormone cycles are typically associated with female mammals, males also experience hormone fluctuations, many of which act on similar receptors. For example, testosterone can be converted to estrogen via aromatization, where it acts on estrogen receptors in the hippocampus. This indicates that hormone-driven plasticity is a widespread phenomenon, and underscores the importance of considering endocrine factors in neuroscience research.

"We suspect that there is some adaptive evolutionary purpose," Goard said, "and the reason I suspect that's true is because receptors for ovarian hormones don't have to be in the hippocampus, which is not thought to be directly involved in reproductive functions. But for some reason they're being expressed in the hippocampus -- probably for some learning and memory related purpose. We don't know exactly what it is, but we think it's important."

Understanding the relationship between hormonal cycle fluctuations and the brain not only furthers our fundamental understanding of brain biology, it also opens up new possibilities for medicine personalized not just to individuals, but with respect to hormone cycle phase. "The finding that the brain physically changes in response to naturally cycling hormones challenges our understanding of mammalian cognition," Wolcott said.
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Researchers demonstrate 3-D printing technology to improve comfort, durability of 'smart wearables' | ScienceDaily
Imagine a T-shirt that could monitor your heart rate or blood pressure. Or a pair of socks that could provide feedback on your running stride.


						
It may be closer than you think, with new research from Washington State University demonstrating a particular 3-D ink printing method for so-called smart fabrics that continue to perform well after repeated washings and abrasion tests. The research, published in the journal ACS Omega, represents a breakthrough in smart fabric comfort and durability, as well as using a process that is more environmentally friendly.

Hang Liu, a textile researcher at WSU and the corresponding author of the paper, said that the bulk of research in the field so far has focused on building technological functions into fabrics, without attention to the way fabrics might feel, fit, and endure through regular use and maintenance, such as washing.

"The materials used, or the technology used, generally produce very rigid or stiff fabrics," said Liu, an associate professor in the Department of Apparel, Merchandising, Design and Textiles. "If you are wearing a T-shirt with 3-D printed material, for example, for sensing purposes, you want this shirt to fit snugly on your body, and be flexible and soft. If it is stiff, it will not be comfortable and the sensing performance will be compromised."

Initial methods of developing smart wearables involved gluing, weaving or sewing functional components such as conductive threads or sensors into fabrics. Newer approaches involving printing have shown promise, but have still faced problems with comfort and maintenance.

Liu's team used direct ink writing 3-D printing technology to print solutions of polybutylene succinate -- a biodegradable polyester that is compatible with natural fibers -- containing carbon nanotubes onto two types of fabric. The printed fabrics showed excellent electrical conductivity, mechanical strength, gauge factor and stability under repeated strains, and the solution's ability to penetrate and bond with fibers gave the fabrics an enhanced washability and resistance to abrasion.

They tested printed fabrics for tensile strength, electrical conductivity, their ability to function as motion sensors, and other qualities. They found the fabrics continued to perform well after 20 cycles of washing and drying, and the surfaces did not scratch or crack after 200 cycles of abrasion testing or 500 cycles of tensile cyclic testing.




The team also used a biodegradable, nontoxic solvent, Cyrene, for processing, which is more environmentally friendly than commonly used toxic solvents.

Smart fabrics are an emerging trend, offering the promise of clothing items that can perform some of the same tasks as smart watches and other such devices. The technology has the potential for applications in health care, for first responders, in the military and for athletes.

The study was a part of the doctoral dissertation of one of Liu's students, Zihui Zhao, who was the lead author. Liu has been working on various elements of smart fabrics for several years; she developed a fiber with the flexibility of cotton and the electrical conductivity of a polymer that could have use in wearable tech, as detailed in a paper published in 2023.

The most recent work on 3-D printing focused on the ability of fabrics to sense and monitor information; developing functional smart wearables will also require power source and data transmission technologies.

"This is only one part of the whole smart system," Liu said.

The research was funded in part by a grant from the National Science Foundation.
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        Research shows how hormone can reverse fatty liver disease in mice
        A pioneering research study details how the hormone FGF21 (fibroblast growth factor 21) can reverse the effects of fatty liver disease in mice. The hormone works primarily by signaling the brain to improve liver function.

      

      
        Sharp depletion in soil moisture drives land water to flow into oceans, contributing to sea level rise
        The increasing frequency of once-in-a-decade agricultural and ecological drought has underscored the urgency of studying hydrological changes. A research team has analyzed the estimated changes in land water storage over the past 40 years by utilizing space geodetic observation technology and global hydrological change data. This innovative method has revealed a rapid depletion in global soil moisture, resulting in a significant amount of water flowing into the oceans, leading to a rise in sea le...

      

      
        The key to spotting dyslexia early could be AI-powered handwriting analysis
        A new study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.

      

      
        Dexterity and climbing ability: how ancient human relatives used their hands
        Scientists have found new evidence for how our fossil human relatives in South Africa may have used their hands. Researchers investigated variation in finger bone morphology to determine that South African hominins not only may have had different levels of dexterity, but also different climbing abilities.

      

      
        Handy octopus robot can adapt to its surroundings
        Scientists inspired by the octopus's nervous system have developed a robot that can decide how to move or grip objects by sensing its environment.

      

      
        Fossil tracks show reptiles appeared on Earth up to 40 million years earlier
        The origin of reptiles on Earth has been shown to be up to 40 million years earlier than previously thought -- thanks to evidence discovered at an Australian fossil site that represents a critical time period. Scientists have identified fossilized tracks of an amniote with clawed feet -- most probably a reptile -- from the Carboniferous period, about 350 million years ago.

      

      
        Genome of near-extinct northern white rhino offers hope for reviving the species
        The northern white rhinoceros is one of the rarest animals on Earth, with just two females left and no natural way for the species to reproduce. Now, scientists have mapped the entire genome of a northern white rhino. This represents a crucial step toward bringing the critically endangered species back from the edge using advanced reproductive technologies. The complete genome can be used as a reference to analyze the health of previously developed northern white rhinoceros stem cells. Eventually...

      

      
        Astronomers take a second look at twin star systems
        Apples-to-apples comparisons in the distant universe are hard to come by. Whether the subject is dwarf galaxies, supermassive black holes, or 'hot Jupiters,' astronomers can spend months or years searching for comparable objects and formations to study. And it is rarer still when those objects are side-by-side. But a new study offers a road map for finding 'twin' planetary systems -- showing whether binary stars that orbit each other, and that were born at the same time and place, tend to host si...

      

      
        Australia's oldest prehistoric tree frog hops 22 million years back in time
        Scientists have now discovered the oldest ancestor for all the Australian tree frogs, with distant links to the tree frogs of South America.

      

      
        Why are urban children more prone to allergies?
        Evidence of a unique T cell may explain why urban children are more prone to allergies than rural children. Differences in the development of the gut microbiome may be an underlying cause.

      

      
        An ink that boosts coral reef settlement by 20 times
        With coral reefs in crisis due to climate change, scientists have engineered a bio-ink that could help promote coral larvae settlement and restore these underwater ecosystems before it's too late. Researchers demonstrate that the ink could boost coral settlement by more than 20 times, which they hope could contribute to rebuilding coral reefs around the world.

      

      
        UV light and CT scans helped scientists unlock hidden details in a beautifully-preserved fossil Archaeopteryx
        Archaeopteryx is the fossil that clearly demonstrated Darwin's views. It's the oldest known fossil bird, and it helps show that all birds -- including the ones alive today -- emerged from dinosaurs. And while the first Archaeopteryx fossil was found more than 160 years ago, scientists are continuing to learn new things about this ancient animal. A set of feathers never before seen in this species help explain why it could fly when many of its non-bird dinosaur cousins could not.

      

      
        New global model shows how to bring environmental pressures back to 2015 levels by 2050
        A new study finds that with bold and coordinated policy choices -- across emissions, diets, food waste, and water and nitrogen efficiency -- humanity could, by 2050, bring global environmental pressures back to levels seen in 2015. This shift would move us much closer to a future in which people around the world can live well within the Earth's limits.

      

      
        Palaeontologists discover 506-million-year-old predator
        Palaeontologists have discovered a remarkable new 506-million-year-old predator from the Burgess Shale of Canada. Mosura fentoni was about the size of your index finger and had three eyes, spiny jointed claws, a circular mouth lined with teeth and a body with swimming flaps along its sides. These traits show it to be part of an extinct group known as the radiodonts.

      

      
        Not all orangutan mothers raise their infants the same way
        Sumatran orangutan mothers differ from one another in how they behave with and take care of their infants and how flexibly they adjust their mothering behaviors as their infants grow. Whilst mothers differed from one another in their maternal behaviors, they remained consistent in their behaviors with their different infants. Consistent differences among Sumatran orangutan mothers suggest that individual maternal personalities may exist, potentially influencing infant development.

      

      
        Eldercare robot helps people sit and stand, and catches them if they fall
        Engineers built E-BAR, a mobile robot designed to physically support the elderly and prevent them from falling as they move around their homes. E-BAR acts as a set of robotic handlebars that follows a person from behind, allowing them to walk independently or lean on the robot's arms for support.

      

      
        Researchers demonstrate 3-D printing technology to improve comfort, durability of 'smart wearables'
        Imagine a T-shirt that could monitor your heart rate or blood pressure. Or a pair of socks that could provide feedback on your running stride. It may be closer than you think, with new research demonstrating a particular 3-D ink printing method for so-called smart fabrics that continue to perform well after repeated washings and abrasion tests.

      

      
        Scientists film the heart forming in 3D earlier than ever before
        Researchers have identified the origin of cardiac cells using 3D images of a heart forming in real-time, inside a living mouse embryo.

      

      
        Astrophysicists explore our galaxy's magnetic turbulence in unprecedented detail using a new computer model
        Astronomers have developed a groundbreaking computer simulation to explore, in unprecedented detail, magnetism and turbulence in the interstellar medium (ISM) -- the vast ocean of gas and charged particles that lies between stars in the Milky Way Galaxy. The model is the most powerful to date, requiring the computing capability of the SuperMUC-NG supercomputer at the Leibniz Supercomputing Centre in Germany. It directly challenges our understanding of how magnetized turbulence operates in astroph...

      

      
        Flamingos create water tornados to trap their prey
        Flamingos have developed an amazing variety of techniques to create swirls and eddies in the water to concentrate and eat brine shrimp and other organisms, a biologist found. They stomp dance to stir organisms from the bottom and concentrate them in whorls. The organisms are then drawn upward by a head jerk that forms a vortex. Meanwhile, their beak is chattering underwater to create vortices that funnel prey into their mouths.

      

      
        From prehistoric resident to runaway pet: First tegu fossil found in the U.S.
        Originally from South America, the charismatic tegu made its way to the United States via the pet trade of the 1990s. But a recent discovery shows these reptiles are no strangers to the region -- tegus were here millions of years before their modern relatives arrived in pet carriers.

      

      
        Submarine robot catches an underwater wave
        Engineers have taught a simple submarine robot to take advantage of turbulent forces to propel itself through water.

      

      
        Vast Aztec trade networks behind ancient obsidian artifacts
        Researchers analyzed 788 obsidian artifacts from Tenochtitlan, revealing that the Mexica (Aztec) Empire sourced this important material from at least eight different locations, including regions outside their political control. While 90% of artifacts were made from green obsidian from Sierra de Pachuca (especially for ceremonial purposes), the diversity of obsidian sources suggests sophisticated trade networks rather than just conquest-based acquisition. The study tracked changes in obsidian use ...

      

      
        Drug to slow Alzheimer's well tolerated outside of clinical trial setting
        In a recent study, researchers found adverse events were rare and manageable among clinic patients with very mild or mild Alzheimer's disease who received lecanemab infusions.

      

      
        Universe decays faster than thought, but still takes a long time
        The universe is decaying much faster than thought. This is shown by calculations of scientists on the so-called Hawking radiation. They calculate that the last stellar remnants take about 10^78 years (a 1 with 78 zeros) to perish. That is much shorter than the previously postulated 10^1100 years (a 1 with 1100 zeros).

      

      
        Astrophysicist searches for ripples in space and time in new way
        Massive ripples in the very fabric of space and time wash over Earth constantly, although you'd never notice. An astrophysicist is trying a new search for these gravitational waves.

      

      
        The origins of language
        Wild chimpanzees alter the meaning of single calls when embedding them into diverse call combinations, mirroring linguistic operations in human language. Human language, however, allows an infinite generation of meaning by combining phonemes into words and words into sentences. This contrasts with the very few meaningful combinations reported in animals, leaving the mystery of human language evolution unresolved.

      

      
        Antibiotics from human use are contaminating rivers worldwide, study shows
        Millions of kilometers of rivers around the world are carrying antibiotic pollution at levels high enough to promote drug resistance and harm aquatic life, a new study warns. The study estimated the scale of global river contamination from human antibiotics use. Researchers calculated that about 8,500 tons of antibiotics -- nearly one-third of what people consume annually -- end up in river systems around the world each year even after in many cases passing through wastewater systems.

      

      
        Urine, not water for efficient production of green hydrogen
        Researchers have developed two unique energy-efficient and cost-effective systems that use urea found in urine and wastewater to generate hydrogen. The unique systems reveal new pathways to economically generate 'green' hydrogen, a sustainable and renewable energy source, and the potential to remediate nitrogenous waste in aquatic environments.

      

      
        Bringing superconducting nanostructures to 3D
        An international team has pioneered a nano-3D printing method to create superconducting nanostructures, leading to groundbreaking technological advancements.

      

      
        Heart rhythm disorder traced to bacterium lurking in our gums
        New research shows that the gum disease bacterium P. gingivalis can slip into the bloodstream and infiltrate the heart. There, it quietly drives scar tissue buildup -- distorting the heart's architecture, disrupting electrical signals, and raising the risk of atrial fibrillation.

      

      
        Chimpanzee groups drum with distinct rhythms
        New research from a team of cognitive scientists and evolutionary biologists finds that chimpanzees drum rhythmically, using regular spacing between drum hits. Their results show that eastern and western chimpanzees -- two distinct subspecies -- drum with distinguishable rhythms. The researchers say these findings suggest that the building blocks of human musicality arose in a common ancestor of chimpanzees and humans.

      

      
        AI tool uses face photos to estimate biological age and predict cancer outcomes
        Researchers developed FaceAge, an AI tool that calculate's a patient biological age from a photo of their face. In a new study, the researchers tied FaceAge results to health outcomes in people with cancer: When FaceAge estimated a younger age than a cancer patient's chronological age, the patient did significantly better after cancer treatment, whereas patients with older FaceAge estimates had worse survival outcomes.

      

      
        3D printing in vivo using sound
        New technique for cell or drug delivery, localization of bioelectric materials, and wound healing uses ultrasound to activate printing within the body.

      

      
        Ping pong bot returns shots with high-speed precision
        Engineers developed a ping-pong-playing robot that quickly estimates the speed and trajectory of an incoming ball and precisely hits it to a desired location on the table.

      

      
        Red alert for our closest relatives
        New report shows drastic decline in endangered primates and calls for conservation measures.

      

      
        The Squid Galaxy's neutrino game just leveled up
        In space, energetic neutrinos are usually paired with energetic gamma rays. Galaxy NGC 1068, however, emits strong neutrinos and weak gamma rays, which presents a puzzle for scientists to solve. A new paper posits that helium nuclei collide with ultraviolet photons emitted by the galaxy's central region and fragment, releasing neutrons that subsequently decay into neutrinos without producing gamma rays. The finding offers insight into the extreme environment around the supermassive black holes at...

      

      
        Mercury levels in the atmosphere have decreased throughout the 21st century
        Mercury is released by environmental and human-driven processes. And some forms, specifically methylmercury, are toxic to humans. Therefore, policies and regulations to limit mercury emissions have been implemented across the globe. And, according to new research, those efforts may be working. Researchers found that atmospheric mercury levels have decreased by almost 70% in the last 20 years, mainly because human-caused emissions have been reduced.
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Research shows how hormone can reverse fatty liver disease in mice | ScienceDaily

University of Oklahoma researcher Matthew Potthoff, Ph.D., is the lead author of the study, which provides valuable insight about the mechanism of action of the hormone, which is a target for a new class of highly anticipated drugs that are in Phase 3 clinical trials.

"Fatty liver disease, or MASLD (metabolic dysfunction-associated steatotic liver disease), is a buildup of fat in the liver. It can progress to MASH (metabolic dysfunction-associated steatohepatitis) during which fibrosis and, ultimately, cirrhosis can occur. MASLD is becoming a very big problem in the United States, affecting 40% of people worldwide, and there is currently only one treatment approved by the Food and Drug Administration to treat MASH. A new class of drugs, based on FGF21 signaling, is showing good therapeutic benefits in clinical trials, but until now, the mechanism for how they work has been unclear," said Potthoff, a professor of biochemistry and physiology at the University of Oklahoma College of Medicine and deputy director of OU Health Harold Hamm Diabetes Center.

The study's results demonstrated that FGF21 was effective at causing signaling in the model species that changed the liver's metabolism. In doing so, the liver's fat was lowered and the fibrosis was reversed. The hormone also sent a separate signal directly to the liver, specifically to lower cholesterol.

"It's a feedback loop where the hormone sends a signal to the brain, and the brain changes nerve activity to the liver to protect it," Potthoff said. "The majority of the effect comes from the signal to the brain as opposed to signaling the liver directly, but together, the two signals are powerful in their ability to regulate the different types of lipids in the liver."

Similar to the family of weight loss drugs known as GLP-1s (glucagon-like peptide 1), which help regulate blood sugar levels and appetite, FGF21 acts on the brain to regulate metabolism. In addition, both are hormones produced from peripheral tissues -- GLP-1 from the intestine and FGF21 from the liver -- and both work by sending a signal to the brain.

"It is interesting that this metabolic hormone/drug works primarily by signaling to the brain instead of to the liver directly, in this case," he said. "FGF21 is quite powerful because it not only led to a reduction of fat, but it also mediated the reversal of fibrosis, which is the pathological part of the disease, and it did so while the mice were still eating a diet that would cause the disease. Now, we not only understand how the hormone works, but it may guide us in creating even more targeted therapies in the future."
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Sharp depletion in soil moisture drives land water to flow into oceans, contributing to sea level rise | ScienceDaily
The increasing frequency of once-in-a-decade agricultural and ecological drought has underscored the urgency of studying hydrological changes. A research team from the Department of Land Surveying and Geo-informatics of The Hong Kong Polytechnic University (PolyU) has collaborated with international experts to analyse the estimated changes in land water storage over the past 40 years by utilising space geodetic observation technology and global hydrological change data. This innovative method has revealed a rapid depletion in global soil moisture, resulting in a significant amount of water flowing into the oceans, leading to a rise in sea levels. The research provides new insights into the driving factors behind the alarming reduction in terrestrial water storage and rise in sea levels. The findings have been published in the international journal Science.


						
Since polar motion reflects mass redistribution within the Earth system, integrating models and observations across the atmosphere, hydrosphere and lithosphere is crucial. However, previous challenges in measuring terrestrial water storage, particularly groundwater and root zone soil moisture, limited understanding of hydrological depletion at continental scales. Prof. Jianli CHEN, Professor of the PolyU Department of Land Surveying and Geo-informatics and core member of the Research Institute for Land and Space and the international team employed satellite altimetry and gravity missions, including the Gravity Recovery and Satellite Experiment (GRACE), and GRACE Follow-On, to enable continental-scale observations of terrestrial water storage variations. By integrating this with global mean sea levels and polar motion data, the team has explored terrestrial water storage depletion patterns. Notably, this study introduced novel methods for estimating global soil moisture, which improves the accuracy of continental and global scale modeling to enable a more effective understanding of soil moisture variations under climate change.

The melting of Greenland's ice sheet is recognised as the largest single contributor to the rise in global sea levels, adding approximately 0.8mm annually. This study reveals that between 2000 and 2002, the global terrestrial water storage significantly declined, with a total of 1,614 billion tons of water lost to the oceans, which is twice as much as resulting from the current melting of Greenland ice, and equivalent to a 4.5mm rise in sea levels. Since then, the rapid loss of terrestrial water storage has been followed by a more gradual but continuous depletion, with no signs of recovery.

In addition, compared to the period from 1979 to 1999, a notable decline in global average soil moisture was observed from 2003 to 2021. Between 2003 and 2011, the Earth's pole shifted 58cm toward 93deg East Longitude, demonstrating that the continued decline in soil moisture is leading to a reduction in terrestrial water storage.

The team also pointed out that precipitation deficits and stable evapotranspiration caused by global warming, changing rainfall patterns and increasing ocean temperatures are likely the key factors for the abrupt decline in terrestrial water storage. The ERA5-Land soil moisture data of the European Centre for Medium-Range Weather Forecasts' corroborates these findings, showing substantial terrestrial water storage losses in Africa, Asia, Europe, and South America. In Asia and Europe, the affected areas expanded from northeastern Asia and eastern Europe to broader regions across East and Central Asia, as well as Central Europe, following the sharp water storage depletion observed between 2000 and 2002.

With increasing agricultural irrigation in regions such as northeast China and the western United States, and global greening, soil moisture may further diminish in semi-arid areas with intensive agriculture and high levels of greening. The team suggests the need for improved land surface models which consider these factors for a more comprehensive understanding of long- term changes in terrestrial water storage.

Prof. Jianli Chen said, "Sea level change and Earth rotation serve as indicators of large-scale mass changes in the Earth system. Accurately measured sea level change and variation in Earth rotation provide a unique tool for monitoring large-scale mass changes in the global water cycle. By integrating multiple modern space geodetic observations, it enables comprehensive analysis of the driving factors behind changes in terrestrial water storage and sea level rise. This, in turn, provides reliable data for climate and Earth system science experts to further investigate drought issues, aiding authorities in formulating water resource management and climate change mitigation strategies to address new challenges posed by climate change."
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The key to spotting dyslexia early could be AI-powered handwriting analysis | ScienceDaily
A new University at Buffalo-led study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.


						
The work, presented in the journal SN Computer Science, aims to augment current screening tools which are effective but can be costly, time-consuming and focus on only one condition at a time.

It could eventually be a salve for the nationwide shortage of speech-language pathologists and occupational therapists, who each play a key role in diagnosing dyslexia and dysgraphia.

"Catching these neurodevelopmental disorders early is critically important to ensuring that children receive the help they need before it negatively impacts their learning and socio-emotional development. Our ultimate goal is to streamline and improve early screening for dyslexia and dysgraphia, and make these tools more widely available, especially in underserved areas," says the study's corresponding author Venu Govindaraju, PhD, SUNY Distinguished Professor in the Department of Computer Science and Engineering at UB.

The work is part of the National AI Institute for Exceptional Education, which is a UB-led research organization that develops AI systems that identify and assist young children with speech and language processing disorders.

Builds upon previous handwriting recognition work

Decades ago, Govindaraju and colleagues did groundbreaking work employing machine learning, natural language processing and other forms of AI to analyze handwriting, an advancement the U.S. Postal Service and other organizations still use to automate the sorting of mail.




The new study proposes similar a framework and methodologies to identify spelling issues, poor letter formation, writing organization problems and other indicators of dyslexia and dysgraphia.

It aims to build upon prior research, which has focused more on using AI to detect dysgraphia (the less common of the two conditions) because it causes physical differences that are easily observable in a child's handwriting. Dyslexia is more difficult to spot this way because it focuses more on reading and speech, though certain behaviors like spelling offers clues.

The study also notes there is a shortage of handwriting examples from children to train AI models with.

Collecting samples from K-5 students

To address these challenges, a team of UB computer scientists led by Govindaraju gathered insight from teachers, speech-language pathologists and occupational therapists to help ensure the AI models they're developing are viable in the classroom and other settings.

"It is critically important to examine these issues, and build AI-enhanced tools, from the end users' standpoint," says study co-author Sahana Rangasrinivasan, a PhD student in UB's Department of Computer Science and Engineering.




The team also partnered with study co-author Abbie Olszewski, PhD, associate professor in literacy studies at the University of Nevada, Reno, who co-developed the Dysgraphia and Dyslexia Behavioral Indicator Checklist (DDBIC) to identify symptoms overlapping between dyslexia and dysgraphia.

The team collected paper and tablet writing samples from kindergarten through 5th grade students at an elementary school in Reno. This part of the study was approved by an ethics board, and the data was anonymized to protect student privacy.

They will use this data to further validate the DDBIC tool, which focuses on 17 behavioral cues that occur before, during and after writing; train AI models to complete the DDBIC screening process; and compare how effective the models are compared to people administering the test.

Work emphasizes AI for public good

The study describes how the team's models can be used to:
    	Detect motor difficulties by analyzing writing speed, pressure and pen movements.
    	Examine visual aspects of handwriting, including letter size and spacing.
    	Convert handwriting to text, spotting misspellings, letter reversals and other errors.
    	Identify deeper cognitive issues based on grammar, vocabulary and other factors.

Finally, it discusses a tool that combines all these models, summarizes their findings, and provides a comprehensive assessment.

"This work, which is ongoing, shows how AI can be used for the public good, providing tools and services to people who need it most," says study co-author Sumi Suresh, PhD, a visiting scholar at UB.

Additional co-authors include Bharat Jayarman, PhD, director of the Amrita Institute of Advanced Research and professor emeritus in the UB Department of Computer Science and Engineering; and Srirangaraj Setlur, principal research scientist at the UB Center for Unified Biometrics and Sensors.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250514151712.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dexterity and climbing ability: how ancient human relatives used their hands | ScienceDaily
Scientists have found new evidence for how our fossil human relatives in South Africa may have used their hands. Research led by Samar Syeda, postdoctoral researcher at the American Museum of Natural History, together with scientists at the Max Planck Institute for Evolutionary Anthropology, the University of the Witwatersrand, University of Kent, Duke University and the National Geographic Society, investigated variation in finger bone morphology to determine that South African hominins not only may have had different levels of dexterity, but also different climbing abilities.


						
To the point
    	Different hand use: Two ancient human relatives, Australopithecus sediba and Homo naledi, had different finger bone morphologies that indicate they used different types of hand grips, both when using tools and when climbing
    	Internal structure of the finger bones: A. sediba had a mix of ape-like and human-like features, while H. naledi had a unique pattern of bone thickness, suggesting different loading patterns and possible grip types.
    	Human Evolution: Ancient human relatives adapted to their environments in diverse ways, balancing tool use, food processing, and locomotion, challenging the traditional view of a single, linear transition from upright walking to advanced tool use.

This new research focuses on two, almost complete fossil hand skeletons found in South Africa. One is the hand of Australopithecus sediba, first discovered in 2010 at the site of Malapa and dated to approximately two million years old. The other hand skeleton is from the more recent, but perhaps more enigmatic, Homo naledi, first found in 2015 deep within the Rising Star Cave system and dated to around 250,000 years ago.

Neither hominin has yet been found in direct association with stone tools, but several aspects of their hand and wrist morphology suggest that they had a degree of hand dexterity much more similar to that of humans than to living chimpanzees or gorillas. "Since stone tools are found in South Africa by at least 2.2 million years ago (and in East Africa by as early as 3.3 million years ago), and many primates are all excellent stone tool users, it is not surprising that A. sediba and H. naledi would be dexterous tool users as well. However, how exactly they used tools and if they manipulated their tools in similar ways is unclear," says senior author, Tracy Kivell.

Moreover, both A. sediba and H. naledi are also found with many other bones of their skeleton that preserve ape-like features, particularly bones of their upper limbs, that would be advantageous for climbing. If these features reflect actual climbing in these individuals or are simply evolutionary hold-overs from an ancestor that climbed, is a longstanding debate in palaeoanthropology.

Fossil hands reveal ancient human behavior

To help address these questions, Syeda and her colleagues investigated variation in the internal structure -- the cortical bone -- of the fingers in A. sediba and H. naledi. Bone is a living tissue that can adapt its structure in response to how we use and load our skeleton during life, getting thicker where loads are higher and thinner where loads are lower. Therefore, variation in the internal cortical thickness can provide new insights in how these two hominin fossils may have actually used their hands during their lifetimes.




"We found that A. sediba and H. naledi show different functional signals in the cortical bone structure of their fingers," says Samar Syeda, lead author of the study. In A. sediba, the distribution of the cortical bone within the proximal and intermediate phalanges of most of its fingers is like that of apes. However, bones of its thumb and pinky finger are more like those of humans. Syeda concludes that "these two digits are more likely to reflect potential signals of manipulation because they are less often used or experience less load during climbing or suspensory locomotion. When we combine these results with the remarkably long, human-like thumb of A. sediba, it suggests that A. sediba used its hand for both tool use and other dexterous behaviours, as well as climbing."

Homo naledi's hands show unique grip pattern

H. naledi, in contrast, is unusual in showing a human-like signal in its proximal phalanges (the bones that articulate with the palm) but an ape-like signal in its intermediate phalanges (the bones within the middle of the fingers). "This distinct pattern was unexpected and indicates that H. naledi likely used and loaded different regions of its fingers in different ways," says Syeda. This kind of loading pattern is typical of only certain grip types used today, like crimp grips, used often by rock climbers, where the surface is grasped primarily by just the tips of the fingers. H. naledi also has unusually highly curved finger bones, particularly for a hominin that lived at the same time as the earliest members of our species, Homo sapiens, which is another indication that it used its hands for locomotion.

While more research is needed to further test if H. naledi may have used crimp-like grips or climbed rocks, it is clear that throughout human evolution there were different ways of combining enhanced dexterity for tool use and food processing with the continued need to use the hands to climb, be it trees or rocks, within the South African palaeolandscape. "This work offers yet more evidence that human evolution is not a single, linear transition from upright walking to increasingly better tool use, but is rather characterized by different 'experiments' that balanced the need to both manipulate and to move within these past environments," says Kivell.
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Handy octopus robot can adapt to its surroundings | ScienceDaily
Scientists inspired by the octopus's nervous system have developed a robot that can decide how to move or grip objects by sensing its environment.


						
The team from the University of Bristol's Faculty of Science and Engineering designed a simple yet smart robot which uses fluid flows of air or water to coordinate suction and movement as octopuses do with hundreds of suckers and multiple arms.

The study, published today in the journal Science Robotics, shows how a soft robot can use suction flow not just to stick to things, but also to sense its environment and control its own actions -- just like an octopus. A single suction system enables the robot to grab delicate items, sense whether it's touching air, water, or a rough surface, and even predict how hard something is pulling on it -- all at once, without needing a central computer.

Lead author Tianqi Yue explained: "Last year, we developed an artificial suction cup that mimicked how octopuses stick to rocks using soft materials and water sealing.

"This research brings that work on, from using a suction cup like an octopus sucker to connect to objects to using 'embodied suction intelligence' -- mimicking key aspects of the neuromuscular structure of the octopus in soft robotic systems."

The suction intelligence works at two levels: by coupling suction flow with local fluidic circuitry, soft robots can achieve octopus-like low-level embodied intelligence, including gently grasping delicate objects, adaptive curling and encapsulating objects of unknown geometries. By decoding the pressure response from a suction cup, robots can achieve high-level perception including contact detection, classification of environment and surface roughness, as well as prediction of interactive pulling force.

This simple and low-cost suction intelligence could lead to a new generation of soft robots that are safer, smarter and more energy-efficient. Potential uses include picking fruit gently in agriculture, handling fragile items in factories, anchoring medical tools inside the human body, or creating soft toys and wearable tools that can interact safely with people.

The team are currently working on making the system smaller and more robust for real-world use. They also aim to combine it with smart materials and AI to improve its adaptability and decision-making in complex environments.

"It's fascinating how a simple suction cup, with no electronics inside, can feel, think and act -- just like an octopus arm," concluded Tianqi. "This could help robots become more natural, soft and intuitive to use."
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Fossil tracks show reptiles appeared on Earth up to 40 million years earlier | ScienceDaily
The origin of reptiles on Earth has been shown to be up to 40 million years earlier than previously thought -- thanks to evidence discovered at an Australian fossil site that represents a critical time period.


						
Flinders University Professor John Long and colleagues have identified fossilised tracks of an amniote with clawed feet -- most probably a reptile -- from the Carboniferous period, about 350 million years ago.

"Once we identified this, we realised this is the oldest evidence in the world of reptile-like animals walking around on land -- and it pushes their evolution back by 35-to-40 million years older than the previous records in the Northern Hemisphere," says Professor Long, Strategic Professor in Palaeontology at Flinders.

Published today in the journal Nature, this discovery indicates that such animals originated in the ancient southern supercontinent of Gondwana, of which Australia was a central part

The fossil tracks, discovered in the Mansfield district of northern Victoria in Australia, were made by an animal that Professor Long predicts would have looked like a small, stumpy, Goanna-like creature.

"The implications of this discovery for the early evolution of tetrapods are profound," says Professor Long.

"All stem-tetrapod and stem-amniote lineages must have originated during the Devonian period -- but tetrapod evolution proceeded much faster, and the Devonian tetrapod record is much less complete than we have believed."

Fossil records of crown-group amniotes -- the group that includes mammals, birds and reptiles -- begin in the Late Carboniferous period (about 318 million years old), while previously the earliest body fossils of crown-group tetrapods were from about 334 million years ago, and the oldest trackways about 353 million years old.




This had suggested the modern tetrapod group originated in the early Carboniferous period, with the modern amniote group appearing in the early part of the Late Carboniferous period.

"We now present new trackway data from Australia that falsify this widely accepted timeline," says Professor Long, who worked with Australian and international experts on the major Nature journal paper.

"My involvement with this amazing fossil find goes back some 45 years, when I did my PhD thesis on the fossils of the Mansfield district, but it was only recently after organizing palaeontology field trips to this area with Flinders University students that we got locals fired up to join in the hunt for fossils.

"Two of these locals -- Craig Eury and John Eason (coauthors on the paper) -- found this slab covered in trackways and, at first, we thought they were early amphibian trackways, but one in the middle has a hooked claw coming off the digits, like a reptile -- an amniote, in fact.

"It was amazing how crystal clear the trackways are on the rock slab. It immediately excited us, and we sensed we were onto something big -- even though we had no idea just how big it is."

The Flinders palaeontology team working on this project included Dr Alice Clement, who scanned the fossil footprints to create digital models that were then analysed in detail, working closely with a team from Uppsala University led by Professor Per Erik Ahlberg, a member of the Royal Swedish Academy of Sciences.




"We study rocks and fossils of the Carboniferous and Devonian age with specific interest to observe the very important fish-tetrapod transition," says Dr Clement.

"We're trying to tease apart the details of how the bodies and lifestyles of these animals changed, as they moved from being fish that lived in water, to becoming tetrapods that moved about on land."

Another coauthor Dr Aaron Camens, who studies animal trackways from around Australia, produced heatmaps that explain details of the fossil footprints much more clearly.

"A skeleton can tell us only so much about what an animal could do, but a trackway actually records its behaviour and tells us how this animal was moving," says Dr Camens.

Because Professor Long had been studying ancient fish fossils of this area since 1980, he had a clear idea of the age of rock deposits in the Mansfield district -- from the Carboniferous period, which started about 359 million years ago.

"The Mansfield area has produced many famous fossils, beginning with spectacular fossil fishes found 120 years ago, and ancient sharks. But the holy grail that we were always looking for was evidence of land animals, or tetrapods, like early amphibians. Many had searched for such trackways, but never found them -- until this slab arrived in our laboratory to be studied.

"This new fossilised trackway that we examined came from the early Carboniferous period, and it was significant for us to accurately identify its age -- so we did this by comparing the different fish faunas that appear in these rocks with the same species and similar forms that occur in well-dated rocks from around the world, and that gave us a time constraint of about 10 million years."

La Trobe University's Dr Jillian Garvey, who liaised with the Taungurung Land and Waters Council for the study, has researched in the Mansfield basin since the early 2000s.

"This discovery rewrites this part of evolutionary history," Dr Garvey says. "It indicates there is so much that has happened in Australia and Gondwana that we are still yet to uncover."
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Genome of near-extinct northern white rhino offers hope for reviving the species | ScienceDaily
The northern white rhinoceros is one of the rarest animals on Earth, with just two females left and no natural way for the species to reproduce. Now, an international team of scientists at Scripps Research, the San Diego Zoo Wildlife Alliance, Max Planck Institute for Molecular Genetics, and other collaborators have mapped the entire genome of a northern white rhino. This represents a crucial step toward bringing the critically endangered species back from the edge using advanced reproductive technologies.


						
The complete genome can be used as a reference to analyze the health of previously developed northern white rhinoceros stem cells. Eventually, those stem cells may be able to generate sperm and eggs to yield new rhinos. The genome was published on May 13, 2025, in PNAS.

"What's so exciting about this milestone is that we're getting closer to being able to rescue animals that otherwise might go extinct during our lifetimes," says co-senior author Jeanne Loring, Professor Emeritus at Scripps Research and a research fellow at the San Diego Zoo Wildlife Alliance. "This is great progress not only for white rhinos, but for the entire field of animal conservation."

The new effort combined cutting-edge DNA sequencing and genome mapping techniques to build a high-quality genome. Scientists used cells previously collected from a male northern white rhinoceros named Angalifu, who lived at the San Diego Zoo Safari Park until his death in 2014. At the time, his skin cells were cryopreserved in the San Diego Zoo Wildlife Alliance's Frozen Zoo(r).

"We layered together multiple technologies to make the most accurate genomic map possible," says Loring. "It's like the rhino version of the Human Genome Project."

This new genome also represents a vital tool toward saving the endangered species. In 2011, Loring's team created the first induced pluripotent stem cells from northern white rhinos. They have since, in collaboration with the San Diego Zoo Wildlife Alliance, created other lines of stem cells from nine different individual northern white rhinos. These lab-grown cells have the ability to become any other cell type, including eggs and sperm that could potentially be used to create embryos.

"Collaboration was integral to achieving this milestone," says Marisa Korody, a scientist in conservation genetics at the San Diego Zoo Wildlife Alliance. "This high-quality reference genome is a key piece of the puzzle that helps us understand how the stem cells are functioning and guides our next steps in the genetic rescue process. None of it would be possible without the Frozen Zoo and the rhinos whose cells were preserved decades ago."

But one major hurdle has always been quality control. Without a reference genome, scientists didn't know whether any of those stem cells had picked up harmful mutations during lab growth -- a common problem in both human and animal stem cells. In the new research, Loring's team was able to use the new, complete genome to analyze the previously created stem cell lineages. They discovered that one of the most promising of the stem cell lines had a large chunk of DNA missing -- more than 30 million base pairs affecting over 200 genes, including those involved in reproduction and tumor suppression.




"If we hadn't built this genome, we wouldn't have known that," adds Loring. "We thought we had a good stem cell line, but it turns out it had a mutation that could have made it unsafe to use for reproduction. Now we can go back and screen all the others. This becomes the gold standard for deciding which cells to move forward with."

The new genome also settled lingering questions about how different northern and southern white rhinos really are. Some earlier data suggested significant DNA differences that might make it risky for southern white rhinos to be implanted with northern white rhino embryos. But updated comparisons show their genomes are strikingly similar, giving scientists confidence that southern white rhinos -- which are far more numerous -- can serve as surrogates without major complications.

For Loring, who's been working on this project since 2007, the new genome is a symbol of what's possible. "Now that we have their genome, we can apply all the tools we've developed for humans -- CRISPR gene editing, reporter genes, everything -- to help rescue them."

The work also sets a powerful example for other endangered species, Loring says. Efforts to save hundreds of different endangered species -- from mammals and birds to plants and corals -- depend on careful biobanking like that being done by the Frozen Zoo.

"The Frozen Zoo had the foresight to freeze actual cells from these animals," she says. "That means we're not trying to recreate a species from scraps of ancient, damaged DNA. We have the real thing."

Ultimately, the goal is to grow healthy embryos and implant them into surrogate mothers, then raise the resulting calves in protected environments. It's not Jurassic Park, Loring is quick to point out, and it doesn't depend on gene editing or engineering.

"We're not resurrecting a mystery species -- we're restoring one we still know intimately," she adds. "The rhino is big, gentle and unforgettable. It's the perfect symbol for what science can do to fight extinction."

This work was supported in part by the Germany Federal Ministry for Education and Research (IntraEpiGliom, FKZ 406 13GW0347, P4D, FKZ 01EK2204C), the Max Planck Society, the Deutsche Forschungsgemeinschaft (EXC 22167-390884018 410, CRC-1665 -515637292).
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Astronomers take a second look at twin star systems | ScienceDaily
Apples-to-apples comparisons in the distant universe are hard to come by.


						
Whether the subject is dwarf galaxies, supermassive black holes, or "hot Jupiters," astronomers can spend months or years searching for comparable objects and formations to study. And it is rarer still when those objects are side-by-side.

But a new Yale study offers a road map for finding "twin" planetary systems -- showing whether binary stars that orbit each other, and that were born at the same time and place, tend to host similar orbiting planets. The study's authors found that certain orientations of twin star systems may provide critical information about planet formation, while also being easier for astronomers to discover planets within the systems.

The side-by-side, "edge on" configuration of certain binary star systems potentially allows astronomers to do comparative studies, in the same way that doctors study human twins to gain knowledge about biological and behavioral mechanisms.

"This could be an unprecedented avenue for examining how deterministic, or orderly, the process of planet formation is," said Malena Rice, an assistant professor of astronomy in Yale's Faculty of Arts and Sciences and senior author of the new study.

The study appears in The Astrophysical Journal Letters. The first author is Joseph Hand, an undergraduate at the University of Kansas who conducted the research as a Dorrit Hoffleit Undergraduate Research Scholar, a Yale fellowship named in honor of the longtime Yale astronomer. Konstantin Gerbig, a Ph.D. candidate in Yale's Graduate School of Arts and Sciences, is co-author of the study.

In earlier work, Rice identified an unexpectedly large number of binary systems with orbits that are perfectly aligned, meaning that the two binary stars and their planets orbit on the same geometrical plane. In such systems, the companion star can serve as a stabilizer for the planets' orbits, preventing dramatic long-term climate variations that may otherwise be destructive to life as we know it.




These "edge-on" binary systems, because of their alignment, are also excellent candidates for the detection of new planets, according to the researchers: the stars wobble directly toward and away from Earth, creating a signal boost.

For the study, the team identified nearly 600 edge-on binary star systems based on data from the European Space Agency's Gaia DR3 catalogue of high-precision stellar astrometry. Drawing from the Gaia dataset, the researchers found the brightest nearby binary star systems, measured their orbits, and simulated the set of expected planets waiting to be discovered orbiting each star.

The result, researchers say, is essentially a prediction for locations in the sky where planet-hunters are more likely to find new planets to identify and characterize -- and, for the first time, to compare planets across stars in the same system.

"We outline how this could, for the first time, be used to conduct comparative studies of planet formation where we have a control sample -- that is, a second planetary system born together with the first planetary system," Rice said.

The work was funded by the Dorrit Hoffleit Undergraduate Research Scholarship program and support from the Heising-Simons Foundation.
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Australia's oldest prehistoric tree frog hops 22 million years back in time | ScienceDaily
Newly discovered evidence of Australia's earliest species of tree frog challenges what we know about when Australian and South American frogs parted ways on the evolutionary tree.


						
Previously, scientists believed Australian and South American tree frogs separated from each other about 33 million years ago.

But in a study published today in Journal of Vertebrate Palaeontology, palaeontologists from UNSW Sydney say the new species, Litoria tylerantiqua, is now at about 55 million years old, the earliest known member of the pelodryadid family of Australian tree frogs.

The study is based on fossils unearthed from Murgon on the traditional lands of the Waka Waka people of south-eastern Queensland. The new species, Litoria tylerantiqua, is named in honour of the late Michael Tyler, a renowned Australian herpetologist globally celebrated for his research on frogs and toads.

"It is only fitting to name Australia's earliest tree frog in honour of a man who was a giant in Australian frog research and in particular the first to explore the fossil record for Australian frogs," says study lead author Dr Roy Farman, an adjunct associate lecturer with UNSW School of Biological, Earth & and Environmental Sciences.

Evolutionary history of Australian tree frogs

Around 55 million years ago, Australia, Antarctica and South America were linked together as the last remnants of the southern supercontinent Gondwana. Global climates were warmer during this period, while a forested corridor linked South America and Australia.




Up until now, it was thought the earliest Australian tree frogs came from the Late Oligocene (about 26 million years ago) and the Early Miocene (23 million years ago). Fossils of the Late Oligocene were found at Kangaroo Well in the Northern Territory and Etadunna Formation at Lake Palankarinna, South Australia, while the Riversleigh World Heritage Area in Queensland revealed tree frogs from the Early Miocene.

But the new species extends the fossil record of pelodryadids by approximately 30 million years, to a time potentially close to the divergence of Australian tree frogs from the South American tree frogs.

Previous estimates based on molecular clock studies -- a method scientists use to figure out when different species split from a common ancestor by looking at the rate of genetic changes over time -- suggested that Australian and South American tree frogs separated from each other at about 33 million years ago.

"Our research indicates that that date is at least 22 million years too young," Dr Farman says.

"While molecular studies are important for understanding the evolutionary relationships of different groups of animals, these studies should be calibrated using knowledge from the fossil record and in this case the fossil record provides a more accurate time for separation of the southern world's tree frogs."

Using new technology to study ancient frogs

To conduct this research, the authors used CT scans of spirit-preserved frogs from Australian museum collections to compare the three-dimensional shape of the fossil bones with those of living species. The technique -- called three-dimensional geometric morphometrics -- has only been used on fossil frogs once before. Using these new methods, they were able to unravel the relationships of these fossils to all other groups of frogs living and extinct.




"We had a real problem at the start of this study because the pelvic bones of most living frogs were invisible inside whole pickled frogs rather than available for study as skeletons," Dr Farman says.

"Museums understandably want to ensure these often unique or rare pickled specimens remain intact for molecular studies because DNA can be obtained from their soft tissues. This meant that instead of skeletonising these specimens, we needed instead to make CT scans of them, enabling us to create 3D models of their otherwise invisible skeletons.

"Using these cutting-edge investigative methods, we were able to determine from the shape of the fossil ilia -- one of three bones that make up each side of the pelvis -- that this new Murgon species of frog is more closely related to the Australian tree frogs (pelodryadids) than the South American tree frogs (phyllomedusids)."

Seasoned survivors that outlasted the dinosaurs

Litoria tylerantiqua joins the only other Murgon frog, the ground-dwelling Platyplectrum casca (previously described as Lechriodus casca), as the oldest frogs known from Australia. Both have living relatives in Australia and New Guinea demonstrating remarkable resilience over time.

"Despite their delicate nature, frogs have been surprisingly successful at surviving several mass extinction events since their origins about 250 million years ago, including the mass extinction 66 million years ago that took out the non-flying dinosaurs," Dr Farman says.

"Although global extinction events triggered by human activities -- such as rapid climate change and the spread of chytrid fungus -- may be among the worst challenges frogs have had to face, the fossil record could reveal how some frog groups overcame previous challenges, perhaps by adapting to new, less-threatening habitats. This could provide clues about how we might be able to help by translocating some threatened frogs into more future-secure habitats."

Frogs such as the southern corroboree frog are threatened in their current habitats which have become more hostile due to climate change. The authors say that if the fossil record shows physically similar frogs living in very different habitats, today's frogs may benefit by being reintroduced into similar environments.
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Why are urban children more prone to allergies? | ScienceDaily
Scientists discovered that a previously uncharacterized subset of immune cells may play a critical role in the development of allergic diseases and explain differences between urban and rural populations. The finding, published in the journal Allergy, provides new insight into how the immune system is shaped in early life -- and why urban children are more prone to allergies than children from rural areas.


						
Led by researchers from the University of Rochester Medical Center (URMC) Department of Pediatrics, including MD/PhD student Catherine Pizzarello and senior author Kirsi Jarvinen-Seppo, MD, PhD, the study uncovered a unique subpopulation of T cells known as helper 2 (Th2) cells with distinct molecular characteristics.

T-cells are the foundational immune cells that fight off infections, but there is evidence that this specific subtype is recognizing certain foods as allergenic and attacking them, according to Jarvinen-Seppo.

"These pro-allergic T cells are more inflammatory than anything previously described in this context," said Jarvinen-Seppo, chief of Pediatric Allergy and Immunology at UR Medicine Golisano Children's Hospital. "They were found more frequently in urban infants who later developed allergies, suggesting they may be a predictive biomarker or even a mechanistic driver of allergic disease."

The study compared blood samples from urban infants with those from infants in a farming community, specifically the Old Order Mennonites (OOM) of New York's Finger Lakes region -- known for their low rates of allergies. Researchers found that while urban infants had higher levels of the aggressive Th2 cells, OOM infants had more regulatory T cells that help keep the immune system in balance and reduce the likelihood of allergic responses.

While additional research is needed to identify a possible cause, Jarvinen-Seppo speculates that differences in the development of the gut microbiome between the two populations, and more exposure to "healthy" bacteria in rural children, may be a factor.

"The farming environment, which is rich in microbial exposure, appears to support the development of a more tolerant immune system. Meanwhile, the urban environment may promote the emergence of immune cells that are primed for allergic inflammation," said Jarvinen-Seppo.

The work is part of a broader, NIH-funded investigation into how early-life exposures influence long-term immune outcomes. In 2023, Jarvinen-Seppo's team received a $7 million grant from the National Institute of Allergy and Infectious Diseases (NIAID) to study environmental, microbiome, and immune differences between OOM and urban infants. The goal is to continue this foundational work to uncover protective factors that could be translated into preventive therapies, including probiotics or microbiome-supporting interventions.

"If we can identify the conditions for this disparity between the different T cell subpopulations, we can potentially find solutions in allergic disease development," Jarvinen-Seppo said.
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An ink that boosts coral reef settlement by 20 times | ScienceDaily
With coral reefs in crisis due to climate change, scientists have engineered a bio-ink that could help promote coral larvae settlement and restore these underwater ecosystems before it's too late. In a paper publishing May 14 in the Cell Press journal Trends in Biotechnology, researchers demonstrate that the ink could boost coral settlement by more than 20 times, which they hope could contribute to rebuilding coral reefs around the world.


						
"When people think about a coral reef, they often think about how beautiful it is," says author Daniel Wangpraseurt of the University of California San Diego. "What we sometimes forget is that coral reefs are one of the best structures in protecting our coasts. We are hoping to develop technologies to restore not just the ecosystem but the natural structures that will buffer shorelines against waves, storms, and floods."

In the past, researchers have tried to restore coral reefs -- which have halved across the globe since the mid-20th century -- mainly through planting nursery-grown corals. But Wangpraseurt says these lab-grown corals are genetically identical, meaning that they're susceptible to the same threats.

"If there's a warming event or a disease outbreak, it can wipe out the whole population. Ideally, we want to recruit corals naturally, which can introduce genetic diversity to the population and enhance their resilience," says Wangpraseurt.

Biologists have recently discovered that certain rocky pink algae, called crustose coralline algae (CCA), play an important role in attracting coral larvae and encouraging them to settle on the reef. It appears that CCA emits metabolites into the surrounding water, and coral larvae follow these chemical signals. Inspired by this finding, Wangpraseurt and his team, including first author Samapti Kundu at the University of California San Diego, developed a transparent ink material infused with metabolites derived from CCA. Dubbed SNAP-X, the ink slowly releases these natural chemical cues into seawater over the course of a month. By applying SNAP-X to rocks or other surfaces, researchers can create an inviting microhabitat that helps coral larvae settle and grow.

The team tested SNAP-X outdoors using natural seawater and continuous water flow to simulate the ocean environment. They found that the larvae of Montipora capitata, a primary reef-building coral in Hawaii, were 20 times more likely to settle on substrates sprayed with SNAP-X, and the settlements became denser when the team increased the concentration of the metabolites in SNAP-X.

Given that some species of coral reproduce by releasing their eggs and sperm at the exact same time every year, the researchers recommend syncing SNAP-X deployment with the coral's spawning cycle to support natural coral recruitment. Depending on the species of coral, scientists can also tweak the ingredients of SNAP-X to include different metabolites and chemical signals that support the development of coral reefs.

The team is now working on methods to scale up the production of SNAP-X. Because the ink contains no living materials, they hope that it will soon be approved for application in the real world.

"It's really exciting to be able to learn from adjacent disciplines like materials science and bioengineering," says Wangpraseurt. "I think a lot of the technologies for restoring and protecting our environment are already there, we just need to look outside the box into other fields of study."
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UV light and CT scans helped scientists unlock hidden details in a beautifully-preserved fossil Archaeopteryx | ScienceDaily

Like all Archaeopteryx fossils, the Chicago specimen was found in limestone deposits near Solnhofen, Germany. This particular specimen was found by a private fossil collector prior to 1990, and had been in private hands since 1990. A coalition of supporters helped the Field Museum procure it; it arrived at the museum in August 2022.

"When we first got our Archaeopteryx, I was like, this is very, very, very cool, and I was beyond excited. But at the same time, Archaeopteryx has been known for over 160 years, so I wasn't sure what new things we would be able to learn," says Jingmai O'Connor, the Field Museum's associate curator of fossil reptiles and lead author of the paper. "But our specimen is so well-preserved and so well-prepared that we're actually learning a ton of new information, from the tip of its snout to the tip of its tail."

Archaeopteryx, which lived about 150 million years ago during the Jurassic Period, was a small animal -- the Chicago specimen in particular is the smallest one known, only about the size of a pigeon. Its tiny, hollow bones are preserved in a slab of extremely hard limestone. "When you have such a delicate fossil, you can't completely remove it from the surrounding rock matrix the way you do with something big and solid like a T. rex," says O'Connor. "So when we prepared it, we carefully chipped away the bits of rock covering the fossil."

A team of fossil preparators, led by the Field Museum's chief fossil preparator Akiko Shinya, spent over a year working on the Chicago Archaeopteryx. The work was incredibly detailed. Even seeing where the fossil ended and the rock matrix began was a challenge, because the preserved bones and tissues are nearly the same color as the surrounding rock. The CT scan was also used to better delineate the boundaries of the fossil.

"A CT scanner is essentially a machine that takes a series of X-rays, which it uses to build a three-dimensional image, based on differences in density. It lets you see inside things," says O'Connor. "CT scanning was very important for our preparation process -- it let us know things like, the bone is exactly 3.2 millimeters below the surface of the rock, which let us know exactly how far we could go before we would hit the bone. This is the first time a complete Archaeopteryx has been CT scanned and the data made available."

The team was further guided by the use of UV light to illuminate pieces of the fossil's skeleton and even its soft tissues, like scales on the bottom of the toes. "Previous studies have shown that there's something in the chemical composition of Solnhofen fossils that makes the soft tissues fluoresce, or glow under UV light," says O'Connor. "So our amazing prep team utilized UV light periodically through the preparation process to make sure that they weren't accidentally removing any soft tissues that you can't see with the naked eye."

This careful, technology-guided preparation led to more fine details being preserved in the Chicago Archaeopteryx than in any other specimen. "We're lucky in that this specimen happens to be extremely well-preserved, but we can also see features that probably were preserved in other specimens, but which didn't make it through cruder preparation processes in the past," says O'Connor. "Having the preparation of this specimen done by scientists whose goal was to preserve as much tissue and bone as possible made a huge difference."




While there's a lot to learn from the Chicago Archaeopteryx, in this paper, O'Connor and her team focused on a few areas in particular: the head, the hands and feet, and the wing feathers.

"The bones in the roof of the mouth help us learn about the evolution of something called cranial kinesis -- a feature in modern birds that lets the beak move independently from the braincase. That might not sound exciting, but to people who study bird evolution, it's really important, because it's been hypothesized that being able to evolve specialized skulls for different ecological niches might have helped birds evolve into more than 11,000 species today," says O'Connor. Meanwhile, soft tissues preserved in the Chicago Archaeopteryx's hands and feet bolster ideas that Archaeopteryx spent a lot of its time walking on the ground and might even have been able to climb trees.

The Chicago Archaeopteryx's wing feathers factor into a long-standing scientific debate about the origins of flight in dinosaurs. "Archaeopteryx isn't the first dinosaur to have feathers, or the first dinosaur to have 'wings.' But we think it's the earliest known dinosaur that was able to use its feathers to fly," says O'Connor. "This is actually my favorite part of the paper, the part that provides evidence that Archaeopteryx was using its feathered wings for flying."

The key to Archaeopteryx's flight might be a set of feathers never before seen in a member of its species: a long set of feathers on the upper arm, called tertials.

"Compared to most living birds, Archaeopteryx has a very long upper arm bone," says O'Connor. "And if you're trying to fly, having a long upper arm bone can create a gap between the long primary and secondary feathers of the wing and the rest of your body. If air passes through that gap, that disrupts the lift you're generating, and you can't fly."

However, modern birds have evolved a solution to this problem: a shorter upper arm bones, and a set of tertial feathers to fill the gap between the bird's body and the rest of its wing.




"Our specimen is the first Archaeopteryx that was preserved and prepared in such a way that we can see its long tertial feathers," says O'Connor. "These feathers are missing in feathered dinosaurs that are closely related to birds but aren't quite birds. Their wing feathers stop at the elbow. That tells us that these non-avian dinosaurs couldn't fly, but Archaeopteryx could. This also adds to evidence that suggests dinosaurs evolved flight more than once -- which I think is super exciting."

O'Connor says that this initial study is just the beginning for the Chicago Archaeopteryx. "We're learning something exciting and new from just about every part of the body that we have preserved. And this paper is really just the tip of the iceberg," she says.

This study was contributed to by Jingmai O'Connor, Alex Clark, Pei-Chen Kuo, Yosef Kiat, Matteo Fabbri, Akiko Shinya, Constance Van Beek, Jing Lu, Min Wang, and Han Hu.
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New global model shows how to bring environmental pressures back to 2015 levels by 2050 | ScienceDaily

The planetary boundaries framework, first introduced by an international team of scientists in 2009, defines nine critical Earth system processes that maintain the conditions under which human societies have flourished for the past 10,000 years. Crossing these boundaries increases the risk of destabilising the Earth system, pushing it into a much less hospitable state. To date, scientists estimate that six of these nine boundaries have already been crossed -- those related to climate change, biosphere integrity, freshwater availability, land use, nutrient pollution and novel entities.

Coming back from the brink

This new study for the first time shifts focus to the future, exploring whether ambitious but technically feasible policies could change our trajectory. "This is the first time we've used a forward-looking global model to ask: how do things develop if we continue like this? Can we still avoid transgressing or come back from transgressing these boundaries? And if so, what would it take?" says Van Vuuren.

To answer these questions, the Planetary Boundaries framework was coupled to a comprehensive Integrated Assessment Model -- Integrated Model to Assess the Global Environment (IMAGE) -- which describes future human development and the possible impacts on the global environment. The model projected outcomes for eight of the nine planetary boundaries under different future scenarios, including those with strong environmental policy action.

Critical systems like climate and biodiversity are already outside safe limits, with most exceeding even the high-risk thresholds, indicating a looming multi-crisis scenario. Using projections for 2030, 2050, and 2100, the study shows that under current trends, all planetary boundaries except for ozone depletion are expected to be breached by 2050. "If we continue down pathways focused on national or local interests, things could deteriorate even further, emphasising the need for coordinated global action," says Van Vuuren.

Five key measures to bend the curve

The researchers identify five measures that together could significantly reduce environmental transgression:
    	    


Climate mitigation: Achieving the 1.5degC Paris Agreement target through aggressive reduction of greenhouse gas emissions
    
    	    Food-consumption change: A widespread shift to diets that are both healthy and good for the environment, as defined by the EAT-Lancet Commission, reaching 80% global uptake by 2050
    
    	    Reduction of food waste: Halving global food waste by reducing losses in supply chains and overconsumption
    
    	    Improved water-use efficiency: Reducing water withdrawal for energy, households, and industry by 20%, and for irrigation by 30%, to ensure environmental sustainability
    
    	    Improved nitrogen-use efficiency: Increasing nutrient-use efficiency to 70-80% in agriculture by 2050, up from 50% today
    

Combined, these measures could return the pressure on our planet to roughly that of 2015 -- a marked improvement over business-as-usual projections and a crucial step toward ensuring long-term human wellbeing while staying within the Earth's limits.




Strong action needed

The study also shows it is possible to bring some of the planet's systems back into the "safe zone" by 2050 if strong policies are put in place. However, for other systems, even the most ambitious efforts may not be enough by then, and we would still be exceeding safe limits. "To ensure a livable planet in the long run, even stronger actions will be needed beyond 2050," says Van Vuuren.

The authors caution that the assumptions behind these scenarios are ambitious. "Systems are slow to change and we're modelling near-universal shifts -- like widespread dietary changes -- which may be overly optimistic given current global trends," they note.

"Nonetheless, the message is clear. We can still bend the curve," says Van Vuuren. "While we can't fully avoid all overshoot, we can come much closer to living within planetary boundaries. That makes a big difference." In other words, he adds, "The planet is seriously ill, but it's certainly not terminal yet."
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Palaeontologists discover 506-million-year-old predator | ScienceDaily
Palaeontologists at the Manitoba Museum and Royal Ontario Museum (ROM) have discovered a remarkable new 506-million-year-old predator from the Burgess Shale of Canada. The results are announced in a paper in the journal Royal Society Open Science.


						
Mosura fentoni was about the size of your index finger and had three eyes, spiny jointed claws, a circular mouth lined with teeth and a body with swimming flaps along its sides. These traits show it to be part of an extinct group known as the radiodonts, which also included the famous Anomalocaris canadensis, a meter-long predator that shared the waters with Mosura.

However, Mosura also possessed a feature not seen in any other radiodont: an abdomen-like body region made up of multiple segments at its back end.

"Mosura has 16 tightly packed segments lined with gills at the rear end of its body. This is a neat example of evolutionary convergence with modern groups, like horseshoe crabs, woodlice, and insects, which share a batch of segments bearing respiratory organs at the rear of the body," says Joe Moysiuk, Curator of Palaeontology and Geology at the Manitoba Museum, who led the study.

The reason for this intriguing adaptation remains uncertain, but the researchers postulate it may be related to particular habitat preference or behavioural characteristics of Mosura that required more efficient respiration.

With its broad swimming flaps near its midsection and narrow abdomen, Mosura was nicknamed the "sea-moth" by field collectors based on its vague appearance to a moth. This inspired its scientific name, which references the fictional Japanese kaiju also known as Mothra. Only distantly related to real moths -- as well as spiders, crabs, and millipedes -- Mosura belongs on a much deeper branch in the evolutionary tree of these animals, collectively known as arthropods.

"Radiodonts were the first group of arthropods to branch out in the evolutionary tree, so they provide key insight into ancestral traits for the entire group. The new species emphasizes that these early arthropods were already surprisingly diverse and were adapting in a comparable way to their distant modern relatives." says study co-author Jean-Bernard Caron, Richard M. Ivey Curator of Invertebrate Palaeontology at ROM.




Several fossils of Mosura additionally show details of internal anatomy, including elements of the nervous system, circulatory system, and digestive tract.

"Very few fossil sites in the world offer this level of insight into soft internal anatomy. We can see traces representing bundles of nerves in the eyes that would have been involved in image processing, just like in living arthropods. The details are astounding," Caron adds.

Instead of having arteries and veins like we do, Mosura had an "open" circulatory system, with its heart pumping blood into large internal body cavities called lacunae. These lacunae are preserved as reflective patches that fill the body and extend into the swimming flaps in the fossils.

"The well-preserved lacunae of the circulatory system in Mosura help us to interpret similar, but less clear features that we've seen before in other fossils. Their identity has been controversial," adds Moysiuk, who is also a Research Associate at ROM. "It turns out that preservation of these structures is widespread, confirming the ancient origin of this type of circulatory system."

Of the 61 fossils of Mosura, all except one were collected by ROM between 1975 and 2022, mostly from the Raymond Quarry in Yoho National Park, British Columbia. Some also came from new areas around Marble Canyon in Kootenay National Park, 40 km to the southeast, which have revealed spectacular new Burgess Shale fossils, including other radiodonts: Stanleycaris, Cambroraster and Titanokorys. One previously unpublished specimen of Mosura was also studied that had been collected by Charles Walcott, the discoverer of the Burgess Shale.

"Museum collections, old and new, are a bottomless treasure trove of information about the past. If you think you've seen it all before, you just need to open up a museum drawer," Moysiuk says.

The Burgess Shale fossil sites are located within Yoho and Kootenay National Parks and are managed by Parks Canada. Parks Canada is proud to work with leading scientific researchers to expand knowledge and understanding of this key period of Earth's history and to share these sites with the world through award-winning guided hikes. The Burgess Shale was designated a UNESCO World Heritage Site in 1980 due to its outstanding universal value and is now part of the larger Canadian Rocky Mountain Parks World Heritage Site.

Many radiodont fossils can be seen on display in ROM's Willner Madge Gallery, Dawn of Life, in Toronto, and a specimen of Mosura will be exhibited for the first time at the Manitoba Museum in Winnipeg later this year.

For 50 years, ROM has been at the forefront of Burgess Shale research, uncovering dozens of new fossil sites and species. Located in the Canadian Rocky Mountain Parks of British Columbia, the Burgess Shale fossils are exceptionally preserved and provide one of the best records of marine life during the Cambrian period anywhere.
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Not all orangutan mothers raise their infants the same way | ScienceDaily
A new study of wild Sumatran orangutans by researchers at the Max Planck Institute of Animal Behavior (MPI-AB) has found that mothers consistently differ in their maternal behaviors toward their infants, even after controlling for biological, social, and environmental factors. Mothers also consistently vary from one another in how flexibly they adjust their parenting as their infants grow. For this study, the researchers analysed data on six maternal behaviors collected over 15 years.


						
"Our study shows that Sumatran orangutan mothers are not all the same when it comes to parenting behaviors," said Revathe Thillaikumar, a postdoctoral researcher at MPI-AB and first author of the study. "For example, we found that during the developmental period, some mothers consistently carried their infants more than others, while some terminated body contact more frequently than others. What was especially interesting is that these differences stayed consistent across the different infants of a mother, even when we accounted for factors known to affect maternal behavior."

Because Sumatran orangutans have the longest known infant dependency of any nonhuman animal, the researchers also examined how maternal behavior changes as infants develop. "We found that mothers made flexible adjustments to their parenting behaviors and that they consistently differed from one another in how they made these adjustments. For example, while all mothers tended to terminate spatial proximity more frequently as their infants grew older, some mothers consistently did so more than others across all their offspring," added Revathe.

The study examined six behaviors of wild Sumatran orangutan mothers towards their infants: body contact, staying close, carrying, and feeding nearby. These maternal behaviors are important because they influence how infants are able to learn skills directly from their mothers and how safely they can navigate dense canopies in a tropical rainforest. Data were collected at the Suaq Balimbing research site in Indonesia on 22 mother-infant pairs from over 6000 observational hours. The researchers found consistent differences in many of the studied maternal behaviors.

Caroline Schuppli, a group leader at MPI-AB and senior author of the study says: "The consistent differences among mothers -- both in the extent of their behaviors and in how these behaviors changed over the course of infant development -- suggest that orangutans may possess individual maternal personalities."

Regarding the broader implications of their findings, Schuppli added: "We do not yet know whether differences in maternal behaviors bring about differences in aspects of infant development. Due to the many years that orangutans take to develop, we need at least a decade more to accumulate the data needed to investigate the effect of these differences on infant development."
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Eldercare robot helps people sit and stand, and catches them if they fall | ScienceDaily
The United States population is older than it has ever been. Today, the country's median age is 38.9, which is nearly a decade older than it was in 1980. And the number of adults older than 65 is expected to balloon from 58 million to 82 million by 2050. The challenge of caring for the elderly, amid shortages in care workers, rising health care costs, and evolving family structures, is an increasingly urgent societal issue.


						
To help address the eldercare challenge, a team of MIT engineers is looking to robotics. They have built and tested the Elderly Bodily Assistance Robot, or E-BAR, a mobile robot designed to physically support the elderly and prevent them from falling as they move around their homes.

E-BAR acts as a set of robotic handlebars that follows a person from behind. A user can walk independently or lean on the robot's arms for support. The robot can support the person's full weight, lifting them from sitting to standing and vice versa along a natural trajectory. And the arms of the robot can them by rapidly inflating side airbags if they begin to fall.

With their design, the researchers hope to prevent falls, which today are the leading cause of injury in adults who are 65 and older.

"Many older adults underestimate the risk of fall and refuse to use physical aids, which are cumbersome, while others overestimate the risk and may not to exercise, leading to declining mobility," says Harry Asada, the Ford Professor of Engineering at MIT. "Our design concept is to provide older adults having balance impairment with robotic handlebars for stabilizing their body. The handlebars go anywhere and provide support anytime, whenever they need."

In its current version, the robot is operated via remote control. In future iterations, the team plans to automate much of the bot's functionality, enabling it to autonomously follow and physically assist a user. The researchers are also working on streamlining the device to make it slimmer and more maneuverable in small spaces.

"I think eldercare is the next great challenge," says E-BAR designer Roberto Bolli, a graduate student in the MIT Department of Mechanical Engineering. "All the demographic trends point to a shortage of caregivers, a surplus of elderly persons, and a strong desire for elderly persons to age in place. We see it as an unexplored frontier in America, but also an intrinsically interesting challenge for robotics."

Bolli and Asada will present a paper detailing the design of E-BAR at the IEEE Conference on Robotics and Automation (ICRA) later this month.




Home support

Asada's group at MIT develops a variety of technologies and robotic aides to assist the elderly. In recent years, others have developed fall prediction algorithms, designed robots and automated devices including robotic walkers, wearable, self-inflating airbags, and robotic frames that secure a person with a harness and move with them as they walk.

In designing E-BAR, Asada and Bolli aimed for a robot that essentially does three tasks: providing physical support, preventing falls, and safely and unobtrusively moving with a person. What's more, they looked to do away with any harness, to give a user more independence and mobility.

"Elderly people overwhelmingly do not like to wear harnesses or assistive devices," Bolli says. "The idea behind the E-BAR structure is, it provides body weight support, active assistance with gait, and fall catching while also being completely unobstructed in the front. You can just get out anytime."

The team looked to design a robot specifically for aging in place at home or helping in care facilities. Based on their interviews with older adults and their caregivers, they came up with several design requirements, including that the robot must fit through home doors, allow the user to take a full stride, and support their full weight to help with balance, posture, and transitions from sitting to standing.

The robot consists of a heavy, 220-pound base whose dimensions and structure were optimized to support the weight of an average human without tipping or slipping. Underneath the base is a set of omnidirectional wheels that allows the robot to move in any direction without pivoting, if needed. (Imagine a car's wheels shifting to slide into a space between two other cars, without parallel parking.)

Extending out from the robot's base is an articulated body made from 18 interconnected bars, or linkages, that can reconfigure like a foldable crane to lift a person from a sitting to standing position, and vice versa. Two arms with handlebars stretch out from the robot in a U-shape, which a person can stand between and lean against if they need additional support. Finally, each arm of the robot is embedded with airbags made from a soft yet grippable material that can inflate instantly to catch a person if they fall, without causing bruising on impact. The researchers believe that E-BAR is the first robot able to catch a falling person without wearable devices or use of a harness.




They tested the robot in the lab with an older adult who volunteered to use the robot in various household scenarios. The team found that E-BAR could actively support the person as they bent down to pick something up from the ground and stretched up to reach an object off a shelf -- tasks that can be challenging to do while maintaining balance. The robot also was able to lift the person up and over the lip of a tub, simulating the task of getting out of a bathtub.

Bolli envisions a design like E-BAR would be ideal for use in the home by elderly people who still have a moderate degree of muscle strength but require assistive devices for activities of daily living.

"Seeing the technology used in real-life scenarios is really exciting," says Bolli.

In their current paper, the researchers did not incorporate any fall-prediction capabilities in E-BAR's airbag system. But another project in Asada's lab, led by graduate student Emily Kamienski, has focused on developing algorithms with machine learning to control a new robot in response to the user's real-time fall risk level.

Alongside E-BAR, Asada sees different technologies in his lab as providing different levels of assistance for people at certain phases of life or mobility.

"Eldercare conditions can change every few weeks or months," Asada says. "We'd like to provide continuous and seamless support as a person's disability or mobility changes with age."

This work was supported, in part, by the National Robotics Initiative and the National Science Foundation.
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Researchers demonstrate 3-D printing technology to improve comfort, durability of 'smart wearables' | ScienceDaily
Imagine a T-shirt that could monitor your heart rate or blood pressure. Or a pair of socks that could provide feedback on your running stride.


						
It may be closer than you think, with new research from Washington State University demonstrating a particular 3-D ink printing method for so-called smart fabrics that continue to perform well after repeated washings and abrasion tests. The research, published in the journal ACS Omega, represents a breakthrough in smart fabric comfort and durability, as well as using a process that is more environmentally friendly.

Hang Liu, a textile researcher at WSU and the corresponding author of the paper, said that the bulk of research in the field so far has focused on building technological functions into fabrics, without attention to the way fabrics might feel, fit, and endure through regular use and maintenance, such as washing.

"The materials used, or the technology used, generally produce very rigid or stiff fabrics," said Liu, an associate professor in the Department of Apparel, Merchandising, Design and Textiles. "If you are wearing a T-shirt with 3-D printed material, for example, for sensing purposes, you want this shirt to fit snugly on your body, and be flexible and soft. If it is stiff, it will not be comfortable and the sensing performance will be compromised."

Initial methods of developing smart wearables involved gluing, weaving or sewing functional components such as conductive threads or sensors into fabrics. Newer approaches involving printing have shown promise, but have still faced problems with comfort and maintenance.

Liu's team used direct ink writing 3-D printing technology to print solutions of polybutylene succinate -- a biodegradable polyester that is compatible with natural fibers -- containing carbon nanotubes onto two types of fabric. The printed fabrics showed excellent electrical conductivity, mechanical strength, gauge factor and stability under repeated strains, and the solution's ability to penetrate and bond with fibers gave the fabrics an enhanced washability and resistance to abrasion.

They tested printed fabrics for tensile strength, electrical conductivity, their ability to function as motion sensors, and other qualities. They found the fabrics continued to perform well after 20 cycles of washing and drying, and the surfaces did not scratch or crack after 200 cycles of abrasion testing or 500 cycles of tensile cyclic testing.




The team also used a biodegradable, nontoxic solvent, Cyrene, for processing, which is more environmentally friendly than commonly used toxic solvents.

Smart fabrics are an emerging trend, offering the promise of clothing items that can perform some of the same tasks as smart watches and other such devices. The technology has the potential for applications in health care, for first responders, in the military and for athletes.

The study was a part of the doctoral dissertation of one of Liu's students, Zihui Zhao, who was the lead author. Liu has been working on various elements of smart fabrics for several years; she developed a fiber with the flexibility of cotton and the electrical conductivity of a polymer that could have use in wearable tech, as detailed in a paper published in 2023.

The most recent work on 3-D printing focused on the ability of fabrics to sense and monitor information; developing functional smart wearables will also require power source and data transmission technologies.

"This is only one part of the whole smart system," Liu said.

The research was funded in part by a grant from the National Science Foundation.
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Scientists film the heart forming in 3D earlier than ever before | ScienceDaily
Researchers at UCL and the Francis Crick Institute have, for the first time, identified the origin of cardiac cells using 3D images of a heart forming in real-time, inside a living mouse embryo.


						
For the study, published in The EMBO Journal, the teamused a technique called advanced light-sheet microscopy on a specially engineered mouse model. This is a method where a thin sheet of light is used to illuminate and take detailed pictures of tiny samples, creating clear 3D images without causing any damage to living tissue.

By doing this, they were able to track individual cells as they moved and divided over the course of two days -- from a critical stage of development known as gastrulation through to the point where the primitive heart begins to take shape. This allowed the researchers to identify the cellular origins of the heart.

Gastrulation is the process by which cells begin to specialise and organise into the body's primary structures, including the heart. In humans, this occurs during the second week of pregnancy.

The study's findings could revolutionise how scientists understand and treat congenital heart defects, the researchers say.

Senior author Dr Kenzo Ivanovitch (UCL Great Ormond Street Institute of Child Health and British Heart Foundation Intermediate Research Fellow) said: "This is the first time we've been able to watch heart cells this closely, for this long, during mammalian development. We first had to reliably grow the embryos in a dish over long periods, from a few hours to a few days, and what we found was totally unexpected."

Using fluorescent markers, the team tagged heart muscle cells (called cardiomyocytes) causing them to glow in distinct colours. Combined with light-sheet microscopy, this innovation allowed the researchers to create a detailed time-lapse video.




Snapshots were captured every two minutes over 40 hours, producing images with unprecedented spatial resolution.

The resulting footage showed how cells move, divide, and form the first parts of an embryo, like the heart. Each glowing cardiomyocyte could then be tracked back to earlier cells, allowing scientists to create a family tree of the cells. This helped them see exactly when and where the first cells that only make the heart appeared in the embryo.

At the very earliest stages, embryonic cells were multipotent (capable of becoming various cell types). These included not only heart cells but also others such as endocardial cells, a type of cell that lines the inner surfaces of blood vessels and heart chambers.

However, the researchers found that early during gastrulation (typically within the first four to five hours, after the first cell division), cells contributing solely to the heart emerge rapidly and behave in highly organised ways.

Rather than moving randomly, they follow distinct paths -- almost as if they already know where they are going and what role they will play, whether contributing to the ventricles (the heart's pumping chambers) or the atria (where blood enters the heart from the body and lungs).

Dr Ivanovitch said: "Our findings demonstrate that cardiac fate determination and directional cell movement may be regulated much earlier in the embryo than current models suggest.




"This fundamentally changes our understanding of cardiac development by showing that what appears to be chaotic cell migration is actually governed by hidden patterns that ensure proper heart formation."

Lead author, PhD candidate Shayma Abukar (UCL Great Ormond Street Institute of Child Health and UCL Institute for Cardiovascular Science) said: "We are now working to understand the signals that coordinate this complex choreography of cell movements during early heart development.

"The heart doesn't come from a single group of cells, it forms from a coalition of distinct cell groups that appear at different times and places during gastrulation."

The insights from the study could revolutionise how scientists understand and treat congenital heart defects, which affect nearly one in 100 babies. The findings could also accelerate progress in growing heart tissue in the lab for use in regenerative medicine.

Dr Ivanovitch said: "In the future, we hope this work will help uncover new mechanisms of organ formation. This will inform design principles to precisely program tissue patterns and shapes for tissue engineering."

The research was supported by the British Heart Foundation.
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Astrophysicists explore our galaxy's magnetic turbulence in unprecedented detail using a new computer model | ScienceDaily
Astronomers have developed a groundbreaking computer simulation to explore, in unprecedented detail, magnetism and turbulence in the interstellar medium (ISM) -- the vast ocean of gas and charged particles that lies between stars in the Milky Way Galaxy.


						
Described in a new study published today in Nature Astronomy, the model is the most powerful to date, requiring the computing capability of the SuperMUC-NG supercomputer at the Leibniz Supercomputing Centre in Germany. It directly challenges our understanding of how magnetized turbulence operates in astrophysical environments.

James Beattie, the paper's lead author and a postdoctoral researcher at the Canadian Institute for Theoretical Astrophysics (CITA) at the University of Toronto, is hopeful the model will provide new insights into the ISM, the magnetism of the Milky Way Galaxy as whole, and astrophysical phenomenon such as star formation and the propagation of cosmic rays.

"This is the first time we can study these phenomena at this level of precision and at these different scales," he says.

The paper was co-authored with researchers from Princeton University; Australian National University; the Australian Research Council Center of Excellence in All Sky Astrophysics; Universitat Heidelberg; the Center for Astrophysics, Harvard & Smithsonian; Harvard University; and the Bavarian Academy of Sciences and Humanities.

"Turbulence remains one of the greatest unsolved problems in classical mechanics," says Beattie, who also holds a joint appointment at Princeton University. "This despite the fact that turbulence is ubiquitous: from swirling milk in our coffee to chaotic flows in the oceans, solar wind, interstellar medium, even the plasma between galaxies.

"The key distinction in astrophysical environments is the presence of magnetic fields, which fundamentally alter the nature of turbulent flows."

While there are far, far fewer particles in interstellar space than in ultra-high vacuum experiments on Earth, their motions are enough to generate a magnetic field, not unlike how the motion of our planet's molten core generates the Earth's magnetic field.




And while the galactic magnetic field is a few million times weaker than a fridge magnet, it is nonetheless one of the forces that shapes the cosmos.

The largest version of Beattie's model is a cube 10,000 units per dimension, that provides much greater detail than previous models. In addition to its high resolution, the model is scalable and can simulate at its largest, a volume of space some 30 light-years on a side; at its smallest, it can be scaled down by a factor of some 5000.

At its largest, the model can improve our understanding of the Milky Way Galaxy's overall magnetic field. When scaled down, it will help astronomers better understand more "compact" processes like the solar wind that streams outward from the Sun and greatly affects the Earth.

Because of its higher resolution, the model also has the potential to provide a deeper understanding of star formation. "We know that magnetic pressure opposes star formation by pushing outward against gravity as it tries to collapse a star-forming nebula," says Beattie. "Now we can quantify in detail what to expect from magnetic turbulence on those kinds of scales."

In addition to its higher resolution and scalability, the model also marks a significant advance by simulating the dynamic changes in the density of the ISM -- from an incredibly tenuous near-vacuum to the higher densities found in star-forming nebulas.

"What our simulation captures really well," says Beattie, "is the extreme changes in density of the ISM, something previous models hadn't taken into account."

As he develops the next generation of the model with, among other features even higher resolution, Beattie is also testing his simulation against data collected from observations of the sun-Earth system.




"We've already begun testing whether the model matches existing data from the solar wind and the Earth -- and it's looking very good," says Beattie. "This is very exciting because it means we can learn about space weather with our simulation. Space weather is very important because we're talking about the charged particles that bombard satellites and humans in space and have other terrestrial effects."

According to Beattie, the new model comes at a time of growing interest in astrophysical turbulence, as well as burgeoning observations of the ISM. And as new instruments such as the Square Kilometre Array (SKA) come online -- with the ability to measure fluctuations in turbulent magnetic fields across the galaxy in great detail -- accurate theoretical frameworks like his for interpreting magnetic turbulence will become even more critical.

One of the things that draws Beattie to this research is its elegant consistency -- from intergalactic plasma to the swirl in a cup of coffee.

"I love doing turbulence research because of its universality," says Beattie. "It looks the same whether you're looking at the plasma between galaxies, within galaxies, within the solar system, in a cup of coffee or in Van Gogh's The Starry Night.

"There's something very romantic about how it appears at all these different levels and I think that's very exciting."
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Flamingos create water tornados to trap their prey | ScienceDaily
Flamingos standing serenely in a shallow alkaline lake with heads submerged may seem to be placidly feeding, but there's a lot going on under the surface.


						
Through studies of Chilean flamingos in the Nashville Zoo and analysis of 3D printed models of their feet and L-shaped bills, researchers have documented how the birds use their feet, heads and beaks to create a storm of swirling tornados, or vortices, in the water to efficiently concentrate and slurp up their prey.

"Flamingos are actually predators, they are actively looking for animals that are moving in the water, and the problem they face is how to concentrate these animals, to pull them together and feed," said Victor Ortega Jimenez, an assistant professor of integrative biology at the University of California, Berkeley, who specializes in biomechanics. "Think of spiders, which produce webs to trap insects. Flamingos are using vortices to trap animals, like brine shrimp."

Ortega Jimenez and collaborators at the Georgia Institute of Technology in Atlanta; Kennesaw State University in Marietta, Georgia (KSU-Marietta); and the Nashville Zoo will publish their findings this week in the journal Proceedings of the National Academy of Sciences.

The researchers found that flamingos use their floppy webbed feet to churn up the bottom sediment and propel it forward in whorls that the birds then draw to the surface by jerking their heads upward like plungers, creating mini tornados. All the while, the birds' heads remain upside down within the watery vortex, their angled beaks chattering to create smaller vortices that direct the sediment and food into their mouths, where it's strained out.

The beak of a flamingo is unique in being flattened on the angled front end, so that when the bird's head is upside down in the water, the flat portion is parallel to the bottom. This allows the flamingo to employ another technique called skimming. This involves using its long, S-shaped neck to push its head forward while rapidly clapping its beak, creating sheet-like vortices -- von Karman vortices -- that trap prey.

This suite of active feeding behaviors belie the flamingo's reputation as a passive filter feeder, Ortega Jimenez said.




"It seems like they are filtering just passive particles, but no, these animals are actually taking animals that are moving," he said.

The principles he discovered could be used to design better systems for concentrating and sucking up tiny particles, such as microplastics, from water; better self-cleaning filters, based on chattering; or robots that, like flamingos, can walk and run in mud.

Chattering

Ortega Jimenez, a native of Puebla, Mexico, became fascinated with the feeding behavior of flamingos during a visit to Zoo Atlanta with his wife and daughter before the COVID-19 pandemic. Filming the birds' feeding behavior, he observed only ripples on the surface.

"We don't know anything about what is happening inside. That was my question," he said.

At the time a postdoctoral fellow at Kennesaw State University in Georgia, Ortega Jimenez focused on flamingo feeding as his next research project. He views himself, he said, as a modern-day Darwinian naturalist, investigating the behavior of animals of all types, from nematodes and flies to springtails and birds, focusing on how the animals interact with and manipulate their surroundings, including air, water and electromagnetic fields.




From Kennesaw State he moved to the Georgia Institute of Technology to work in the lab of Saad Bhamla, where he collaborated with engineers, and they gained access to Chilean flamingos at the Nashville Zoo. The team filmed them feeding in a large tray, using a laser to illuminate gas bubbles in the water in order to see the vortices created by the heads and beaks of the animals.

After moving to the University of Maine in Orono as an assistant professor, Ortega Jimenez refined 3D printed models of a flamingo beak and foot to study more precisely the movement of water and particles during the beak clapping, or "chattering," that the birds use when eating.

In 2024, he moved again, to UC Berkeley, where he conducted experiments to see how effective the chattering and foot stomping was in capturing live brine shrimp. The new paper summarizes all of this collaborative work.

At UC Berkeley, he attached a real flamingo beak to an actuator to simulate chattering and added a small pump in the mouth to simulate the tongue and suck up the brine shrimp captured by the mouth. With this setup, he was able to establish that chattering is key to flamingo feeding.

"The chattering actually is increasing seven times the number of brine shrimp passing through the tube," he said. "So it's clear that the chattering is enhancing the number of individuals that are captured by the beak."

Stomp Dancing

The feeding behavior begins with the feet, Ortega Jimenez said. If you look at a flamingo in very shallow water, you can often see its dancing-in-place or circular dancing behavior.

The feet are webbed, but as with many wading birds, they are floppy, so that when the bird lifts a foot, the webbing collapses and comes away from the bottom without the suction that makes it hard for humans to walk in mud. When walking or running, flamingos seem to slide their feet into the water instead of stomping, a technique that could help robots walk in water or mud.

Ortega Jimenez created models of both rigid and flexible flamingo feet to compare how the two designs affect fluid flow, and he found that the floppy feet are much more effective at pushing vortices of sediment out in front of each step. Rigid webbing primarily produces turbulence.

Creating a 3D model of the L-shaped beak, he was able to show that pulling the head straight upward in the water creates a vortex swirling around a vertical axis, again concentrating particles of food. He measured the head speed at about 40 centimeters per second (1.3 feet per second). The small tornados were strong enough to entrap even agile invertebrates, such as brine shrimp and the microscopic crustaceans called copepods.

Chattering also creates vortices around the beak. In this case, the flamingo keeps its upper beak stationary, though it is capable of independent motion, and moves only the lower beak -- about 12 times per second during chattering, Ortega Jimenez discovered.

Tien Yee, a co-author of the paper and a professor at KSU-Marrieta, employed computational fluid dynamics to simulate on a computer the 3D flow around the beak and the feet. He confirmed that the vortices do indeed concentrate particles, similar to experiments using a 3D-printed head in a flume with both actively swimming brine shrimp and passively floating brine shrimp eggs.

"We observed when we put a 3D printed model in a flume to mimic what we call skimming, they are producing symmetrical vortices on the sides of the beak that recirculate the particles in the water so they actually get into the beak," Ortega Jimenez said. "It's this trick of fluid dynamics."

His next projects are to determine the role of the flamingo's piston-like tongue and how the comb-like edges of the beak filter prey out of briny and sometimes toxic water.

"Flamingos are super-specialized animals for filter feeding," he said. "It's not just the head, but the neck, their legs, their feet and all the behaviors they use just to effectively capture these tiny and agile organisms."

In addition to Yee, other co-authors of the paper are postdoctoral fellow Pankaj Rohilla, graduate student Benjamin Seleb and Professor Saad Bhamla at Georgia Tech; and Jake Belair of the Nashville Zoo in Tennessee. The work was supported by grants from the National Science Foundation (NSF CAREER iOS-1941933), and the Open Philanthropy Project to Bhamla, and from the University of Maine and UC Berkeley to Ortega Jimenez.
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From prehistoric resident to runaway pet: First tegu fossil found in the U.S. | ScienceDaily
Originally from South America, the charismatic tegu made its way to the United States via the pet trade of the 1990s. After wreaking havoc in Florida's ecosystems, the exotic lizard was classified as an invasive species. But a recent discovery from the Florida Museum of Natural History reveals the reptiles are no strangers to the region -- tegus were here millions of years before their modern relatives arrived in pet carriers.


						
Described in a new study in the Journal of Paleontology, this breakthrough came from a single, half-inch-wide vertebra fossil that was unearthed in the early 2000s and puzzled scientists for the next 20 years. Jason Bourque, now a fossil preparator in the museum's vertebrate paleontology division, came across the peculiar fossil in the museum's collection freshly out of graduate school.

"We have all these mystery boxes of fossil bones, so I was digging through, and I kept coming across this one vertebra," Bourque said. "I could not figure out what it was. I put it away for a while. Then I'd come back and say: Is it a lizard? Is it a snake? In the back of my mind for years and years, it just sat there."

The vertebra had been found in a fuller's earth clay mine just north of the Florida border, after a tipoff from the local work crew prompted a visit from the museum's paleontologists. There was just one catch: The mine was slated to close, and its quarry, along with any exposed fossils, would soon be filled in. Working against a deadline, the scientists excavated as many fossils as they could and brought them back to the museum, where the vertebra sat in storage, its identity unresolved.

Years later, Bourque stumbled across an image of tegu vertebrae while looking through studies for a new research paper. "I saw the tegu, and I just knew right away that's what this fossil was," Bourque said.

Today, tegus are of particular interest to Florida's wildlife biologists and conservationists. Their bold patterns and docile attitudes make them attractive pets, but that often changes once they reach nearly 5 feet in length and weigh 10 pounds. Exotic pets have a knack for slipping free -- or being released -- into the wild, where they can take a heavy toll on native ecosystems. This is the case with modern tegus in Florida.

But until this point, there was no record of prehistoric tegus in North America. Bourque needed evidence to back up his revelation. Paleontologists typically work with multiple bones to identify an animal, but Bourque just had a single vertebra. He recruited his colleague, Edward Stanley, director of the museum's digital imaging laboratory, who saw an opportunity to try out a new, machine learning technique -- one that doesn't rely on a paleontologist's decades of specialized knowledge.




With a CT scan of the unidentified fossil, Stanley carefully measured and landmarked each bump, hole and furrow of the fossil. Next, he needed vertebrae from other tegus and related lizards for comparison. Fortunately, the team had access to an abundance of specimens thanks to the museum's openVertebrate (oVert) project, a free, online collection of thousands of 3D images of vertebrates. Instead of measuring these images by hand, Stanley used a technique developed by Arthur Porto, the museum's curator of artificial intelligence for natural history and biodiversity, to automatically recognize and fit the corresponding landmarks onto more than 100 vertebrae images from the database. By comparing the data of all their shapes, he determined the fossil matched the other tegus and pinpointed its original position to the middle of the lizard's spinal column.

While the fossil was unmistakably a tegu vertebra, it wasn't an exact match with any of the specimens in the database. This meant the team had uncovered a news species, which they named Wautaugategu formidus. Wautauga is the name of a forest near the mine where the fossil was discovered. Although the word's origin is unclear, it is thought to mean "land of the beyond," which Bourque and Stanley found fitting for the long-extinct species, that, despite having ancestral ties to South America, ended up in present-day Georgia.

"Formidus," a Latin word meaning "warm," alludes to the reason these lizards likely wound up in the southeastern United States in the first place. The fossil is from the Middle Miocene Climatic Optimum, a particularly warm period in Earth's geologic history. At the time, sea levels were significantly higher than today, and with most of Florida underwater, the historic coastline would have been near the site of the fossil bed. Tegus are terrestrial lizards, but they are strong swimmers. The warm climate may have tempted them to travel from South America into present-day Georgia, but the region did not remain hospitable for long.

"We don't have any record of these lizards before that event, and we don't have any records of them after that event. It seems they were here just for a blip, during that really warm period," Bourque said.

The tegus would likely have struggled and ultimately disappeared as global temperatures cooled. Like other egg-laying animals, their reproduction is highly dependent on temperature, and the cold may have limited their ability to produce or hatch eggs.

Finding more tegu fossils may help demystify the prehistoric lizard's brief stint in North America. "I'm ready to go up to the Panhandle and try to find more fossil sites along the ancient coastal ridge near the Florida-Georgia border," Bourque said.

Stanley, meanwhile, hopes the next find won't languish in storage. The combination of 3D modeling and artificial intelligence to identify fossils without relying on decades of specialized knowledge could dramatically speed up the process. With open access to data worldwide, it could even lead to a global database for fossil identification.

"There are boxes full, shelves full, of fossils that are unsorted because it requires a huge amount of expertise to identify these things, and nobody has time to look through them comprehensively," Stanley said. "This is a first step towards some of that automation, and it's very exciting see where it goes from here."
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Submarine robot catches an underwater wave | ScienceDaily
Small autonomous underwater vehicles, like the drones of the sea, could be very useful for studying the depths of the ocean and monitoring its changing conditions. But such nautical mini bots can be easily overpowered by turbulent ocean currents.


						
Caltech scientists led by John Dabiri (PhD '05), the Centennial Professor of Aeronautics and Mechanical Engineering, have been taking advantage of the natural ability of jellyfish to traverse and plumb the ocean, outfitting them with electronics and prosthetic "hats" with which the creatures can carry small payloads on their nautical journeys and report their findings back to the surface. These bionic jellyfish must contend with the ebb and flow of the currents they encounter, but the brainless creatures do not make decisions about how best to navigate to a destination, and once they are deployed, they cannot be remotely controlled.

"We know that augmented jellyfish can be great ocean explorers, but they don't have a brain," Dabiri says. "So, one of the things we've been working on is developing what that brain would look like if we were to imbue these systems with the ability to make decisions underwater."

Now Dabiri and his former graduate student Peter Gunnarson (PhD '24), who is now at Brown University, have figured out a way to simplify that decision-making process and help a robot, or potentially an augmented jellyfish, catch a ride on the turbulent vortices created by ocean currents rather than fighting against them. The researchers recently published their findings in the journal PNAS Nexus.

For this work, Gunnarson returned to an old friend in the lab: CARL-Bot (Caltech Autonomous Reinforcement Learning roBot). Gunnarson built the CARL-Bot years ago as part of his work to begin incorporating artificial intelligence into such a bot's navigation technique. But Gunnarson recently figured out a simpler way than AI to have such a system make decisions underwater.

"We were brainstorming ways that underwater vehicles could use turbulent water currents for propulsion and wondered if, instead of them being a problem, they could be an advantage for these smaller vehicles," Gunnarson says.

Gunnarson wanted to understand exactly how a current pushes a robot around. He attached a thruster to the wall of a 16-foot-long tank in Dabiri's lab in the Guggenheim Aeronautical Laboratory on Caltech's campus in order to repeatedly generate what are called vortex rings -- basically the underwater equivalents of smoke rings. Vortex rings are a good representation of the types of disturbances an underwater explorer would encounter in the chaotic fluid flow of the ocean.




Gunnarson began using the CARL-Bot's single onboard accelerometer to measure how it was moving and being pushed around by vortex rings. He noticed that, every once in a while, the robot would get caught up in a vortex ring and be pushed clear across the tank. He and his colleagues started to wonder if the effect could be done intentionally.

To explore this, the team developed simple commands to help CARL detect a vortex ring's relative location and then position itself to, in Gunnarson's words, "hop on and catch a ride basically for free across the tank." Alternatively, the bot can decide to get out of the way of a vortex ring it does not want to get pushed by.

Dabiri points out that this process includes elements of biomimicry, stealing a page from nature's playbook. Soaring birds, for example, will often take advantage of strong winds to save energy rather than attempt to fly against them. Experiments have also shown that fish may allow themselves to be carried by the ocean's swirling currents to help conserve energy. However, in both natural cases, the systems are using relatively sophisticated sensory input and a brain to accomplish this.

"What Peter has figured out is that basically with a single sensor, this one accelerometer, and relatively simple control laws, we can achieve similar advantages in terms of using the energy in the environment to go from point A to point B," Dabiri says.

Looking to the future, Dabiri hopes to marry this work with his hybrid jellyfish. "With the jellyfish, we can have an onboard accelerometer measure how this system is getting pushed around," he says. "Hopefully, we can demonstrate a similar capability to take advantage of environmental flows to move more efficiently through the water."
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Vast Aztec trade networks behind ancient obsidian artifacts | ScienceDaily
New archaeological research by Tulane University and the Proyecto Templo Mayor in Mexico reveals how obsidian -- a volcanic glass used for tools and ceremonial objects and one of the most important raw materials in pre-Columbian times -- moved across ancient Mesoamerica and shaped life in its capital, Tenochtitlan. The study sheds new light on the economic networks, rituals and political influence of the Mexica (Aztec) Empire.


						
Published this week in Proceedings of the National Academy of Sciences, the study analyzed 788 obsidian artifacts excavated from the Templo Mayor of Tenochtitlan, the main temple and core of the Mexica Empire located in what is now Mexico City. The research represents the largest compositional study of obsidian ever conducted at the site.

Archaeologists found that while the Mexica primarily used green obsidian from the Sierra de Pachuca source, they also acquired obsidian from at least seven other locations, including regions beyond their political borders, such as Ucareo, in the Purepecha territory in West Mexico. The findings suggest a sophisticated economy that relied not only on conquest but on active long-distance trade, even with rival polities.

"Although the Mexicas preferred green obsidian, the high diversity of obsidian types, mainly in the form of non-ritual artifacts, suggests that obsidian tools from multiple sources reached the capital of the Empire through market instead of direct acquisition in the outcrop," said lead author Diego Matadamas-Gomora, a PhD candidate in Tulane's Department of Anthropology. "By studying where this material came from, we can explore the movement of goods across Mesoamerica."

The analysis showed that nearly 90% of the obsidian artifacts in the sample were made with Sierra de Pachuca obsidian -- prized for its green hue and symbolic connection to the mythical city of Tollan. Almost all the ceremonial artifacts found inside buried offerings at the Templo Mayor were made with this type of obsidian, including miniature weapons, jewelry and inlays for sculptures.

A smaller but significant portion of the obsidian came from places like Otumba, Tulancingo, Ucareo and El Paraiso, some of which lay outside the control of the Mexica Empire. These materials were more commonly used for tool production and found in the construction fill, indicating that these obsidian types were available to the general population through local markets rather than being tightly controlled by the state.

The study also tracked how obsidian use shifted over time, from the city's earliest phases around 1375 CE through its fall in 1520 CE.




During the empire's early phases, more diversity in obsidian sources appeared in both ritual and everyday objects. After the Mexica consolidated power around 1430 CE, obsidian for ritual purposes became almost exclusively sourced from Sierra de Pachuca, suggesting growing religious standardization and centralized control.

"This kind of compositional analysis allows us to trace how imperial expansion, political alliances and trade networks evolved over time," Matadamas-Gomora said.

The research was made possible through a partnership between Tulane and Mexico's Proyecto Templo Mayor of the National Institute of Anthropology and History (INAH), with artifacts analyzed using portable X-ray fluorescence (pXRF), a non-destructive method that identifies the geochemical fingerprint of each artifact.

"This work not only highlights the Mexica Empire's reach and complexity but also demonstrates how the archaeological sciences can be leveraged to study ancient objects and what they can tell us about past cultural practices," said study co-author Jason Nesbitt, an associate professor in Tulane's Anthropology Department.

This publication was partially funded by Tulane's Supporting Impactful Publications (SIP) Program. It is co-authored by Tulane researchers Nesbitt, Julia Sjodahl and Tatsuya Murakami, and INAH researchers Leonardo Lopez Lujan, Rodolfo Aguilar Tapia and Alejandro Pastrana.
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Drug to slow Alzheimer's well tolerated outside of clinical trial setting | ScienceDaily
The Food and Drug Administration's approval in 2023 of lecanemab -- a novel Alzheimer's therapy shown in clinical trials to modestly slow disease progression -- was met with enthusiasm by many in the field as it represented the first medication of its kind able to influence the disease. But side effects -- brain swelling and bleeding -- emerged during clinical trials that have left some patients and physicians hesitant about the treatment.


						
Medications can have somewhat different effects once they are released into the real world with broader demographics. Researchers at Washington University School of Medicine in St. Louis set out to study the adverse events associated with lecanemab treatment in their clinic patients and found that significant adverse events were rare and manageable.

Consistent with the results from carefully controlled clinical trials, researchers found that only 1% of patients experienced severe side effects that required hospitalization. Patients in the earliest stage of Alzheimer's with very mild symptoms experienced the lowest risk of complications, the researchers found, helping to inform patients and clinicians as they navigate discussions about the treatment's risks.

The retrospective study, published May 12 in JAMA Neurology, focused on 234 patients with very mild or mild Alzheimer's disease who received lecanemab infusions in the Memory Diagnostic Center at WashU Medicine, a clinic that specializes in treating patients with dementia.

"This new class of medications for early symptomatic Alzheimer's is the only approved treatment that influences disease progression," said Barbara Joy Snider, MD, PhD, a professor of neurology and co-senior author on the study. "But fear surrounding the drug's potential side effects can lead to treatment delays. Our study shows that WashU Medicine's outpatient clinic has the infrastructure and expertise to safely administer and care for patients on lecanemab, including the few who may experience severe side effects, leading the way for more clinics to safely administer the drug to patients."

Lecanemab is an antibody therapy that clears amyloid plaque proteins, extending independent living by 10 months, according to a recent study led by WashU Medicine researchers. Because amyloid accumulation is the first step in the disease, doctors recommend the drug for people in the early stage of Alzheimer's, with very mild or mild symptoms. The researchers found that only 1.8% of patients with very mild Alzheimer's symptoms developed any adverse symptoms from treatment compared with 27% of patients with mild Alzheimer's.

"Patients with the very mildest symptoms of Alzheimer's will likely have the greatest benefit and the least risk of adverse events from treatment," said Snider, who led clinical trials for lecanemab at WashU Medicine. "Hesitation and avoidance can lead patients to delay treatment, which in turn increase the risk of side effects. We hope the results help reframe the conversations between physicians and patients about the medication's risks."

Hesitation around lecanemab stems from a side effect known as amyloid-related imaging abnormalities, or ARIA. The abnormalities, which typically only affect a very small area of the brain, appear on brain scans and indicate swelling or bleeding. In clinical trials of lecanemab, 12.6% of participants experienced ARIA and most cases were asymptomatic and resolved without intervention. A small percentage -- approximately 2.8% of participants treated -- experienced symptoms such as headaches, confusion, nausea and dizziness. Occasional deaths have been linked to lecanemab in an estimated 0.2% of patients treated.




The Memory Diagnostic Center began treating patients with lecanemab in 2023 after the drug received full FDA approval. Patients receive the medication via infusions every two weeks in infusion centers. As part of each patient's care, WashU Medicine doctors regularly gather sophisticated imaging to monitor the brain, which can detect bleeding and swelling with great sensitivity. Lecanemab is discontinued in patients with symptoms from ARIA or significant ARIA without symptoms, and the rare patients with severe ARIA are treated with steroids in the hospital.

In looking back on their patients' outcomes, the authors found the extent of side effects aligned with those of the trials -- most of the clinic's cases of ARIA were asymptomatic and only discovered on sensitive brain scans used to monitor brain changes. Of the 11 patients who experienced symptoms from ARIA, the effects largely resolved within a few months and no patients died.

"Most patients on lecanemab tolerate the drug well," said Suzanne Schindler, MD, PhD, an associate professor of neurology and a co-senior author of the study. "This report may help patients and providers better understand the risks of treatment, which are lower in patients with very mild symptoms of Alzheimer's."
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Universe decays faster than thought, but still takes a long time | ScienceDaily
The universe is decaying much faster than thought. This is shown by calculations of three scientists at Radboud University on the so-called Hawking radiation. They calculate that the last stellar remnants take about 10^78 years (a 1 with 78 zeros) to perish. That is much shorter than the previously postulated 10^1100 years (a 1 with 1100 zeros). The researchers publish their findings, with a wink and dead-seriously, in the Journal of Cosmology and Astroparticle Physics.


						
The research by black hole expert Heino Falcke, quantum physicist Michael Wondrak, and mathematician Walter van Suijlekom (all from Radboud University, Nijmegen, the Netherlands) is a follow-up to a 2023 paper by the same trio. In that paper, they showed that not only black holes, but also other objects such as neutron stars can 'evaporate' via a process akin to Hawking radiation. After that publication, the researchers received many questions from inside and outside the scientific community about how long the process would take. They have now answered this question in the new article.

Ultimate end

The researchers calculated that the end of the universe is about 10^78 years away (a 1 with 78 zeros), if only Hawking-like radiation is taken into account. This is the time it takes for white dwarf stars, the most persistent celestial bodies, to decay via Hawking-like radiation. Previous studies, which did not take this effect into account, put the lifetime of white dwarfs at 10^1100 years (a 1 with 1100 zeros). Lead author Heino Falcke: "So the ultimate end of the universe comes much sooner than expected, but fortunately it still takes a very long time."

The researchers did the calculations dead-seriously and with a wink. The basis is a reinterpretation of Hawking radiation. In 1975, physicist Stephen Hawking postulated that, contrary to the theory of relativity, particles and radiation could escape from a black hole. At the edge of a black hole, two temporary particles can form, and before they merge, one particle is sucked into the black hole and the other particle escapes. One of the consequences of this so-called Hawking radiation is that a black hole very slowly decays into particles and radiation. This contradicts Albert Einstein's theory of relativity, which says that black holes can only grow.

Neutron star as slow as black hole

The researchers calculated that the process of Hawking radiation theoretically also applies to other objects with a gravitational field. The calculations further showed that the 'evaporation time' of an object depends only on its density.




To the researchers' surprise, neutron stars and stellar black holes take the same amount of time to decay: 10^67 years. This was unexpected because black holes have a stronger gravitational field, which should cause them to 'evaporate' faster. "But black holes have no surface," says co-author and postdoctoral researcher Michael Wondrak, "They reabsorb some of their own radiation which inhibits the process."

Man and Moon: 10^90 years

Because the researchers were at it anyway, they also calculated how long it takes for the Moon and a human to evaporate via Hawking-like radiation. That's 10^90 years (a 1 with 90 zeros). Of course, the researchers subtly note, there are other processes that may cause humans and moon to disappear faster than calculated.

Co-author Walter van Suijlekom, professor of mathematics at Radboud University, adds that the research is an exciting collaboration of different disciplines and that combining astrophysics, quantum physics and mathematics leads to new insights. "By asking these kinds of questions and looking at extreme cases, we want to better understand the theory, and perhaps one day, we unravel the mystery of Hawking radiation."
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Astrophysicist searches for ripples in space and time in new way | ScienceDaily
University of Colorado Boulder astrophysicist Jeremy Darling is pursuing a new way of measuring the universe's gravitational wave background -- the constant flow of waves that churn through the cosmos, warping the very fabric of space and time.


						
The research, published in The Astrophysical Journal Letters, could one day help to unlock some of the universe's deepest mysteries, including how gravity works at its most fundamental level.

"There is a lot we can learn from getting these precise measurements of gravitational waves," said Darling, professor in the Department of Astrophysical and Planetary Sciences. "Different flavors of gravity could lead to lots of different kinds of gravitational waves."

To understand how such waves work, it helps to picture Earth as a small buoy bobbing in a stormy ocean.

Darling explained that, throughout the history of the universe, countless supermassive black holes have engaged in a volatile dance: These behemoths spiral around each other faster and faster until they crash together. Scientists suspect that the resulting collisions are so powerful they, literally, generate ripples that spread out into the universe.

This background noise washes over our planet all the time, although you'd never know it. The kinds of gravitational waves that Darling seeks to measure tend to be very slow, passing our planet over the course of years to decades.

In 2023, a team of scientists belonging to the NANOGrav collaboration achieved a coup by measuring that cosmic wave pool. The group recorded how the universe's gravitational wave background stretched and squeezed spacetime, affecting the light coming to Earth from celestial objects known as pulsars, which act somewhat like cosmic clocks.




But those detailed measurements only captured how gravitational waves move in a single direction -- akin to waves flowing directly toward and away from a shoreline. Darling, in contrast, wants to see how gravitational waves also move from side-to-side and up and down compared to Earth.

In his latest study, the astrophysicist got help from another class of celestial objects: quasars, or unusually bright, supermassive black holes sitting at the centers of galaxies. Darling searches for signals from gravitational waves by precisely measuring how quasars move compared to each other in the sky. He hasn't spotted those signals yet, but that could change as more data become available.

"Gravitational waves operate in three dimensions," Darling said. "They stretch and squeeze spacetime along our line of sight, but they also cause objects to appear to move back and forth in the sky."

Galaxies in motion

The research drills down on the notoriously tricky task of studying how celestial objects move, a field known as astrometry.

Darling explained that quasars rest millions of light-years or more from Earth. As the glow from these objects speeds toward Earth, it doesn't necessarily proceed in a straight line. Instead, passing gravitational waves will deflect that light, almost like a baseball pitcher throwing a curve ball.




Those quasars aren't actually moving in space, but from Earth, they might look like they are -- a sort of cosmic wiggling happening all around us.

"If you lived for millions of years, and you could actually observe these incredibly tiny motions, you'd see these quasars wiggling back and forth," Darling said.

Or that's the theory. In practice, scientists have struggled to observe those wiggles. In part, that's because these motions are hard to observe, requiring a precision 10 times greater than it would take to watch a human fingernail growing on the moon from Earth. But our planet is also moving through space. Our planet orbits the sun at a speed of roughly 67,000 miles per hour, and the sun itself is hurtling through space at a blistering 850,000 miles per hour.

Detecting the signal from gravitational waves, in other words, requires disentangling Earth's own motion from the apparent motion of quasars. To begin that process, Darling drew on data from the European Space Agency's Gaia satellite. Since Gaia's launch in 2013, its science team has released observations of more than a million quasars over about three years.

Darling took those observations, split the quasars into pairs, then carefully measured how those pairs moved relative to each other.

His findings aren't detailed enough yet to prove that gravitational waves are making quasars wiggle. But, Darling said, it's an important search -- unraveling the physics of gravitational waves, for example, could help scientists understand how galaxies evolve in our universe and help them test fundamental assumptions about gravity.

The astrophysicist could get some help in that pursuit soon. In 2026, the Gaia team plans to release five-and-a-half more years of quasar observations, providing a new trove of data that might just reveal the secrets of the universe's gravitational wave background.

"If we can see millions of quasars, then maybe we can find these signals buried in that very large dataset," he said.
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The origins of language | ScienceDaily
Chimpanzees are capable of complex communication: The human capacity for language may not be as unique as previously thought. Chimpanzees have a complex communication system that allows them to combine calls to create new meanings, similar to human language. Combining calls creatively: Chimpanzees use four ways to change meaning when combining single calls into two-call combinations, including compositional and non-compositional combinations, and they use a large variety of call combinations in a wide range of contexts.


						
Humans are the only species on earth known to use language. They do this by combining sounds into words and words into sentences, creating infinite meanings. This process is based on linguistic rules that define how the meaning of calls is understood in different sentence structures. For example, the word "ape" can be combined with other words to form compositional sentences that add meaning: "the ape eats" or append meaning: "big ape," and non-compositional idiomatic sentences that create a completely new meaning: "go ape." A key component of language is syntax, which determines how the order of words affects meaning, for instance how "go ape" and "ape goes" convey different meanings.

One fundamental question in science is to understand where this extraordinary capacity for language originates from. Researchers often use the comparative approach to trace the evolutionary origins of human language by comparing the vocal production of other animals, particularly primates, with that of humans. Unlike humans, other primates typically rely on single calls (referred to as call types), and while some species combine calls, these combinations are only a few per species and mostly serve to alert others to the presence of predators. This suggests that their communication systems may be too restricted to be a precursor to the complex, open-ended combinatorial system that is human language. However, we may not have a full picture of the linguistic capacities of our closest living relatives, particularly how they might use call combinations to significantly expand their meaning.

Studying the meaning of chimpanzee vocalisations

Researchers from the Max Planck Institutes for Evolutionary Anthropology and for Cognitive and Brain Sciences in Leipzig, Germany, and from the Cognitive Neuroscience Center Marc Jeannerod (CNRS/Universite Claude Bernard Lyon 1) and Neuroscience Research Center (CNRS/Inserm/Universite Claude Bernard Lyon 1) in Lyon, France recorded thousands of vocalisations from three groups of wild chimpanzees in the Tai National Park in Ivory Coast. They examined how the meanings of 12 different chimpanzee calls changed when they were combined into two-call combinations. "Generating new or combined meanings by combining words is a hallmark of human language, and it is crucial to investigate whether a similar capacity exists in our closest living relatives, chimpanzees and bonobos, in order to decipher the origins of human language," says Catherine Crockford, senior author of the study. "Recording chimpanzee vocalisations over several years in their natural environment is essential in order to document their full communicative capabilities, a task that is becoming increasingly challenging due to growing human threats to wild chimpanzee populations," says Roman Wittig, co-author of the study and director of the Tai Chimpanzee Project.

Chimpanzees' complex communication system

The study reveals four ways in which chimpanzees alter meanings when combining single calls into 16 different two-call combinations, analogous to the key linguistic principles in human language. Chimpanzees used compositional combinations that added meaning (e.g., A = feeding, B = resting, AB = feeding + resting) and clarified meaning (e.g., A = feeding or travelling, B = aggression, AB = travelling). They also used non-compositional idiomatic combinations that created entirely new meanings (e.g., A = resting, B = affiliation, AB = nesting). Crucially, unlike previous studies which have mostly reported call combinations in limited situations such as predator encounters, the chimpanzees in this study expanded their meanings through the versatile combination of most of their single calls into a large diversity of call combinations used in a wide range of contexts.

"Our findings suggest a highly generative vocal communication system, unprecedented in the animal kingdom, which echoes recent findings in bonobos suggesting that complex combinatorial capacities were already present in the common ancestor of humans and these two great ape species," says Cedric Girard-Buttoz, first author on the study. He adds: "This changes the views of the last century which considered communication in the great apes to be fixed and linked to emotional states, and therefore unable to tell us anything about the evolution of language. Instead, we see clear indications here that most call types in the repertoire can shift or combine their meaning when combined with other call types. The complexity of this system suggests either that there is indeed something special about hominid communication -- that complex communication was already emerging in our last common ancestor, shared with our closest living relatives -- or that we have underestimated the complexity of communication in other animals as well, which requires further study."
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Antibiotics from human use are contaminating rivers worldwide, study shows | ScienceDaily
Millions of kilometres of rivers around the world are carrying antibiotic pollution at levels high enough to promote drug resistance and harm aquatic life, a McGill University-led study warns.


						
Published in PNAS Nexus, the study is the first to estimate the scale of global river contamination from human antibiotics use. Researchers calculated that about 8,500 tonnes of antibiotics -- nearly one-third of what people consume annually -- end up in river systems around the world each year even after in many cases passing through wastewater systems.

"While the amounts of residues from individual antibiotics translate into only very small concentrations in most rivers, which makes them very difficult to detect, the chronic and cumulative environmental exposure to these substances can still pose a risk to human health and aquatic ecosystems," said Heloisa Ehalt Macedo, a postdoctoral fellow in geography at McGill and lead author of the study.

The research team used a global model validated by field data from nearly 900 river locations. They found that amoxicillin, the world's most-used antibiotic, is the most likely to be present at risky levels, especially in Southeast Asia, where rising use and limited wastewater treatment amplify the problem.

"This study is not intended to warn about the use of antibiotics -- we need antibiotics for global health treatments -- but our results indicate that there may be unintended effects on aquatic environments and antibiotic resistance, which calls for mitigation and management strategies to avoid or reduce their implications," said Bernhard Lehner, a professor in global hydrology in McGill's Department of Geography and co-author of the study.

The findings are especially notable because the study did not consider antibiotics from livestock or pharmaceutical factories, both of which are major contributors to environmental contamination.

"Our results show that antibiotic pollution in rivers arising from human consumption alone is a critical issue, which would likely be exacerbated by veterinarian or industry sources of related compounds" said Jim Nicell, an environmental engineering professor at McGill and co-author of the study. "Monitoring programs to detect antibiotic or other chemical contamination of waterways are therefore needed, especially in areas that our model predicts to be at risk."
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Urine, not water for efficient production of green hydrogen | ScienceDaily
Researchers have developed two unique energy-efficient and cost-effective systems that use urea found in urine and wastewater to generate hydrogen.


						
The unique systems reveal new pathways to economically generate 'green' hydrogen, a sustainable and renewable energy source, and the potential to remediate nitrogenous waste in aquatic environments.

Typically, hydrogen is generated through the use of electrolysis to split water into oxygen and hydrogen. It is a promising technology to help address the global energy crisis, but the process is energy intensive, which renders it cost-prohibitive when compared to extracting hydrogen from fossil fuels (grey hydrogen), itself an undesirable process because of the carbon emissions it generates.

In contrast to water, an electrolysis system that generates hydrogen from urea uses significantly less energy.

Despite this advantage, existing urea-based systems face several limitations, such as the low amounts of hydrogen that are able to be extracted and the generation of undesirable nitrogenous by-products (nitrates and nitrites) that are toxic and compete with hydrogen production, further reducing overall system efficiency.

Researchers from the Australian Research Council Centre of Excellence for Carbon Science and Innovation (COE-CSI) and the University of Adelaide have developed two urea-based electrolysis systems that overcome these problems and can generate green hydrogen at a cost that they have calculated is comparable or cheaper than the cost of producing grey hydrogen.

The research for each system was published in separate papers, one in the journal Angewandte Chemie International Edition, the other in Nature Communications. PhD candidate Xintong Gao was first author on the Angewandte Chemie International Edition paper and is from the University's team headed by COE-CSI Chief Investigator, Professor Yao Zheng and Professor Shizhang Qiao, Deputy Director and Chief Investigator of COE-CSI who are from the School of Chemical Engineering.




Making hydrogen from pure urea is not new, but the team has found a more accessible and cost-effective process that uses urine as an alternative source to pure urea.

"While we haven't solved all the problems, should these systems be scaled up, our systems produce harmless nitrogen gas instead of the toxic nitrates and nitrites, and either system will use between 20-27 per cent less electricity than water splitting systems," says Professor Zheng.

"We need to reduce the cost of making hydrogen, but in a carbon-neutral way. The system in our first paper, while using a unique membrane-free system and novel copper-based catalyst, used pure urea, which is produced through the Haber-Bosch ammonia synthesis process that is energy intensive and releases lots of CO2.

"We solved this by using a green source of urea -- human urine -- which is the basis of the system examined in our second paper."

Urine or urea can also be sourced from sewage and other wastewater high in nitrogenous waste. Urine in an electro-catalytic system, however, presents another issue. Chloride ions in urine will trigger a reaction generating chlorine that causes irreversible corrosion of the system's anode where oxidation and loss of electrons occurs.

"In the first system we developed an innovative and highly efficient membrane-free urea electrolysis system for low-cost hydrogen production. In this second system, we developed a novel chlorine-mediated oxidation mechanism that used platinum-based catalysts on carbon supports to generate hydrogen from urine," says Professor Qiao.

Platinum is an expensive, precious and finite metal and its increasing demand as a catalytic material is unsustainable. It is a core mission of the ARC Centre of Excellence for Carbon Science and Innovation to enable transformative carbon catalyst technologies for the traditional energy and chemical industries.

The University of Adelaide team will build on this fundamental research by developing carbon-supported, non-precious metal catalysts for constructing membrane-free urine-wastewater systems, achieving lower-cost recovery of green hydrogen while remediating the wastewater environment.
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Bringing superconducting nanostructures to 3D | ScienceDaily
A new study demonstrates the creation of three-dimensional superconducting nanostructures, akin to a nano 3D printer, enabling local control of the superconducting state. The superconducting nanostructures can be switched on and off by rotating them in a magnetic field.


						
The move from two to three dimensions can have a significant impact on how a system behaves, whether it is folding a sheet of paper into a paper aeroplane or twisting a wire into a helical spring. At the nanoscale, one thousand times smaller than a human hair, one approaches the fundamental lengthscales of, for example, quantum materials. At these lengthscales, the patterning of nanogeometries can lead to changes in the material properties itself -- and when one moves to three dimensions, there come new ways to tailor functionalities, by breaking symmetries, introducing curvature, and creating interconnected channels.

Despite these exciting prospects, one of the main challenges remains: how to realise such complex 3D geometries, at the nanoscale, in quantum materials? In a new study, an international team led by researchers at the Max Planck Institute for Chemical Physics of Solids have created three dimensional superconducting nanostructures using a technique similar to a nano-3D printer. They achieved local control of the superconducting state in a 3D bridge-like superconductor, and could even demonstrate the motion of superconducting vortices -- nanoscale defects in the superconducting state -- in three dimensions. The work has been published in the journal Advanced Functional Materials.

Superconductors are materials that are renowned for their ability to exhibit zero electrical resistance and expel magnetic fields. This striking behaviour arises from the formation of so-called Cooper pairs: bound pairs of electrons that move coherently through the material without scattering.

"One of the main challenges involves gaining control over this superconducting state at the nanoscale, which is key for the exploration of novel effects, and the future development of technological devices" explains Elina Zhakina, postdoctoral researcher at the MPI-CPfS, and first author of the study.

When patterning superconductors in 3D nanogeometries, the international team, involving researchers from Germany (MPI CPfS, IFW) and Austria (TU Wien, University of Vienna), were able to locally control the superconducting state -- i.e. "switching off" the superconductivity in different parts of the nanostructure. This coexistence of superconducting and "normal" states can lead to quantum mechanical effects, such as so-called weak links, used for example for ultra-sensitive sensing. However, until now such control has typically required the design of structures, for example in planar thin films, where the coexistence of states is predetermined.

"We found that it is possible to switch on and off the superconducting state in different parts of the threedimensional nanostructure, simply by rotating the structure in a magnetic field" said Claire Donnelly, Lise Meitner Group leader at the MPI-CPfS and last author of the work. "In this way, we were able to realise a "reconfigurable" superconducting device!."

This realization of reconfigurable functionality offers a new platform for building adaptive or multi-purpose superconducting components. This, along with the ability to propagate defects of the superconducting state, opens the door to complex superconducting logic and neuromorphic architectures setting the stage for a new generation of reconfigurable superconducting technologies.
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Heart rhythm disorder traced to bacterium lurking in our gums | ScienceDaily
Tempted to skip the floss? Your heart might thank you if you don't. A new study from Hiroshima University (HU) finds that the gum disease bacterium Porphyromonas gingivalis (P. gingivalis) can slip into the bloodstream and infiltrate the heart. There, it quietly drives scar tissue buildup -- known as fibrosis -- distorting the heart's architecture, interfering with electrical signals, and raising the risk of atrial fibrillation (AFib).


						
Clinicians have long noticed that people with periodontitis, a common form of gum disease, seem more prone to cardiovascular problems. One recent meta-analysis has linked it to a 30% higher risk of developing AFib, a potentially serious heart rhythm disorder that can lead to stroke, heart failure, and other life-threatening complications. Globally, AFib cases nearly doubled in under a decade, rising from 33.5 million in 2010 to roughly 60 million by 2019. Now, scientific curiosity is mounting in how gum disease might be contributing to that surge.

Past research has pointed to inflammation as the likely culprit. When immune cells in the gums rally to fight infection, chemical signals they release can inadvertently seep into the bloodstream, fueling systemic inflammation that may damage organs far from the mouth.

But inflammation isn't the only threat escaping inflamed gums. Researchers have discovered DNA from harmful oral bacteria in heart muscle, valves, and even fatty arterial plaques. Among them, P. gingivalis has drawn particular scrutiny for its suspected role in a growing list of systemic diseases, including Alzheimer's, diabetes, and certain cancers. It has previously been detected in the brain, liver, and placenta. But how it manages to take hold in the heart has been unclear. This study, published in Circulation, provides the first clear evidence that P. gingivalis in the gums can worm its way into the left atrium in both animal models and humans, pointing to a potential microbial pathway linking periodontitis to AFib.

"The causal relationship between periodontitis and atrial fibrillation is still unknown, but the spread of periodontal bacteria through the bloodstream may connect these conditions," said study first author Shunsuke Miyauchi, assistant professor at HU's Graduate School of Biomedical and Health Sciences.

"Among various periodontal bacteria, P. gingivalis is highly pathogenic to periodontitis and some systemic diseases outside the oral cavity. In this study, we have addressed these two key questions: Does P. gingivalis translocate to the left atrium from the periodontitis lesion? And if so, does it induce the progression of atrial fibrosis and AFib?"

Examining the gum disease-AFib link

To simulate how P. gingivalis might escape the mouth and wreak havoc elsewhere, researchers created a mouse model using the bacterium's aggressive W83 strain. They divided 13-week-old male mice into two groups: one had the strain introduced into the tooth pulp, the other remained uninfected. Each was further split into subgroups and observed for either 12 or 18 weeks to track the cardiovascular risks of prolonged exposure.




Intracardiac stimulation -- a diagnostic technique for arrhythmia -- revealed no difference in AFib risk between infected and uninfected mice at 12 weeks. But by week 18, tests showed that mice exposed to the bacterium were six times more likely to develop abnormal heart rhythms, with a 30% AFib inducibility rate compared to just 5% in the control group.

To see if their model accurately replicated periodontitis, the researchers examined jaw lesions and found its telltale signs. They detected tooth pulp decay and microabscesses caused by P. gingivalis. But the damage did not stop there. They also spotted the bacterium in the heart's left atrium, where infected tissue had turned stiff and fibrous. Using loop-mediated isothermal amplification to detect specific genetic signatures, the team confirmed that the P. gingivalis strain they had introduced was present in the heart. In contrast, the uninfected mice had healthy teeth and no trace of the bacterium in heart tissue samples.

Twelve weeks after infection, mice exposed to P. gingivalis already showed more heart scarring than their uninfected counterparts. At 18 weeks, scarring in the infected mice had climbed to 21.9% compared to the likely aging-related 16.3% in the control group, suggesting that P. gingivalis may not just trigger early heart damage, but also speed it up over time.

And this troubling connection was not only seen in mice. In a separate human study, researchers analyzed left atrial tissue from 68 AFib patients who underwent heart surgery. P. gingivalis was found there, too, and in greater amounts in people with severe gum disease.

Master of stealth assault

Past studies have shown that P. gingivalis can invade host cells and evade destruction by autophagosomes, the cellular garbage crew. This ability to hide inside cells suggests a way by which it can slip past immune defenses and trigger just enough inflammation to cause harm without being flushed out. Infected mice showed a spike in galectin-3, a biomarker for fibrosis, and higher expression of Tgfb1, a gene tied to inflammation and scarring.




The findings suggest that brushing, flossing, and regular dental checkups might do more than promote oral hygiene, they could also help protect the heart. Keeping gums healthy could block the gateway for a P. gingivalis invasion.

"P. gingivalis invades the circulatory system via the periodontal lesions and further translocates to the left atrium, where its bacterial load correlates with the clinical severity of periodontitis. Once in the atrium, it exacerbates atrial fibrosis, which results in higher AFib inducibility," Miyauchi said. "Therefore, periodontal treatment, which can block the gateway of P. gingivalis translocation, may play an important role in AFib prevention and treatment."

The team is now working to strengthen interdisciplinary collaboration between medical and dental professionals in Hiroshima Prefecture to improve cardiovascular care.

"For the next step, we're investigating the specific mechanisms by which P. gingivalis affects atrial cardiomyocytes," Miyauchi said. "We're also now focusing on establishing a collaborative medical and dental system in Hiroshima Prefecture to treat cardiovascular diseases, including atrial fibrillation. We aim to expand this initiative nationwide in the future."

Other co-authors in the study include HU School of Dentistry's Miki Kawada-Matsuo and Hitoshi Komatsuzawa from the Department of Bacteriology, Hisako Furusho, Ayako Nakajima, Pham Trong Phat, Masae Kitagawa, and Mutsumi Miyauchi from the Department of Oral and Maxillofacial Pathobiology, and Kazuhisa Ouhara from the Department of Periodontal Medicine; Hiroshima University Hospital's Hiromi Nishi and Hiroyuki Kawaguchi from the Department of General Dentistry, Noboru Oda, Takehito Tokuyama, Yousaku Okubo, Sho Okamura, and Yukiko Nakano from the Department of Cardiovascular Medicine, and Toru Hiyama from the Division of General Medicine; HU Collaborative Research Laboratory of Oral Inflammation Regulation's Fumie Shiba; and HU School of Medicine's Taiichi Takasaki and Shinya Takahashi from the Department of Surgery.
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Chimpanzee groups drum with distinct rhythms | ScienceDaily
New research from a team of cognitive scientists and evolutionary biologists finds that chimpanzees drum rhythmically, using regular spacing between drum hits. Their results, publishing in the Cell Press journal Current Biology on May 9, show that eastern and western chimpanzees -- two distinct subspecies -- drum with distinguishable rhythms. The researchers say these findings suggest that the building blocks of human musicality arose in a common ancestor of chimpanzees and humans.


						
"Based on our previous work, we expected that western chimpanzees would use more hits and drum more quickly than eastern chimpanzees," says lead author Vesta Eleuteri of the University of Vienna, Austria. "But we didn't expect to see such clear differences in rhythm or to find that their drumming rhythms shared such clear similarities with human music."

Earlier studies showed that chimpanzees produce low-frequency sounds by drumming on buttress roots -- large, wide roots that grow above the soil. The researchers suggest that the chimps use these percussive patterns to send information over both long and short distances.

"Our previous study showed that each chimpanzee has their own unique drumming style and that drumming helps to keep others in their group updated about where they are and what they're doing -- a sort of way to check in across the rainforest," Eleuteri says. "What we didn't know was whether chimpanzees living in different groups have different drumming styles and whether their drumming is rhythmic, like in human music."

To find out, Eleuteri and her team, including senior authors Catherine Hobaiter of the University of St. Andrews in the UK and Andrea Ravignani of Sapienza University in Rome, teamed up with other chimpanzee researchers to study 371 drumming bouts in 11 chimpanzee communities, including six populations and two subspecies.

After analyzing the drum patterns, they found that chimpanzees drum with rhythm and that the timing of their hits is non-random and often evenly spaced. Eastern and western subspecies also exhibited different drumming patterns; western chimpanzees used evenly spaced hits while eastern chimpanzees more often alternated between hits at shorter and longer time intervals. They also found that western chimpanzees hit their "drums" more, using a faster tempo, and integrated their drumming earlier in their pant-hoot vocalizations.

"Making music is a fundamental part of what it means to be human -- but we don't know for how long we have been making music," says Hobaiter. "Showing that chimpanzees share some of the fundamental properties of human musical rhythm in their drumming is a really exciting step in understanding when and how we evolved this skill. Our findings suggest that our ability to drum rhythmically may have existed long before we were human."
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AI tool uses face photos to estimate biological age and predict cancer outcomes | ScienceDaily
Eyes may be the window to the soul, but a person's biological age could be reflected in their facial characteristics. Investigators from Mass General Brigham developed a deep learning algorithm called FaceAge that uses a photo of a person's face to predict biological age and survival outcomes for patients with cancer. They found that patients with cancer, on average, had a higher FaceAge than those without and appeared about five years older than their chronological age. Older FaceAge predictions were associated with worse overall survival outcomes across multiple cancer types. They also found that FaceAge outperformed clinicians in predicting short-term life expectancies of patients receiving palliative radiotherapy. Their results are published in The Lancet Digital Health.


						
"We can use artificial intelligence (AI) to estimate a person's biological age from face pictures, and our study shows that information can be clinically meaningful," said co-senior and corresponding author Hugo Aerts, PhD, director of the Artificial Intelligence in Medicine (AIM) program at Mass General Brigham. "This work demonstrates that a photo like a simple selfie contains important information that could help to inform clinical decision-making and care plans for patients and clinicians. How old someone looks compared to their chronological age really matters -- individuals with FaceAges that are younger than their chronological ages do significantly better after cancer therapy."

When patients walk into exam rooms, their appearance may give physicians clues about their overall health and vitality. Those intuitive assessments combined with a patient's chronological age, in addition to many other biological measures, may help determine the best course of treatment. However, like anyone, physicians may have biases about a person's age that may influence them, fueling a need for more objective, predictive measures to inform care decisions.

With that goal in mind, Mass General Brigham investigators leveraged deep learning and facial recognition technologies to train FaceAge. The tool was trained on 58,851 photos of presumed healthy individuals from public datasets. The team tested the algorithm in a cohort of 6,196 cancer patients from two centers, using photographs routinely taken at the start of radiotherapy treatment.

Results showed that cancer patients appear significantly older than those without cancer, and their FaceAge, on average, was about five years older than their chronological age. In the cancer patient cohort, older FaceAge was associated with worse survival outcomes, especially in individuals who appeared older than 85, even after adjusting for chronological age, sex, and cancer type.

Estimated survival time at the end of life is difficult to pin down but has important treatment implications in cancer care. The team asked 10 clinicians and researchers to predict short-term life expectancy from 100 photos of patients receiving palliative radiotherapy. While there was a wide range in their performance, overall, the clinicians' predictions were only slightly better than a coin flip, even after they were given clinical context, such as the patient's chronological age and cancer status. Yet when clinicians were also provided with the patient's FaceAge information, their predictions improved significantly.

Further research is needed before this technology could be considered for use in a real-world clinical setting. The research team is testing this technology to predict diseases, general health status, and lifespan. Follow-up studies include expanding this work across different hospitals, looking at patients in different stages of cancer, tracking FaceAge estimates over time, and testing its accuracy against plastic surgery and makeup data sets.

"This opens the door to a whole new realm of biomarker discovery from photographs, and its potential goes far beyond cancer care or predicting age," said co-senior author Ray Mak, MD, a faculty member in the AIM program at Mass General Brigham. "As we increasingly think of different chronic diseases as diseases of aging, it becomes even more important to be able to accurately predict an individual's aging trajectory. I hope we can ultimately use this technology as an early detection system in a variety of applications, within a strong regulatory and ethical framework, to help save lives."
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3D printing in vivo using sound | ScienceDaily
Imagine if doctors could precisely print miniature capsules capable of delivering cells needed for tissue repair exactly where they are needed inside a beating heart. A team of scientists led by Caltech has taken a significant step toward that ultimate goal, having developed a method for 3D printing polymers at specific locations deep within living animals. The technique relies on sound for localization and has already been used to print polymer capsules for selective drug delivery as well as glue-like polymers to seal internal wounds.


						
Previously, scientists have used infrared light to trigger polymerization, the linking of the basic units, or monomers, of polymers within living animals. "But infrared penetration is very limited. It only reaches right below the skin," says Wei Gao, professor of medical engineering at Caltech and a Heritage Medical Research Institute Investigator. "Our new technique reaches the deep tissue and can print a variety of materials for a broad range of applications, all while maintaining excellent biocompatibility."

Gao and his colleagues report their new in vivo 3D-printing technique in the journal Science. Along with bioadhesive gels and polymers for drug and cell delivery, the paper also describes the use of the technique for printing bioelectric hydrogels, which are polymers with embedded conductive materials for use in the internal monitoring of physiological vital signs as in electrocardiograms (ECGs). The lead author of the study is Elham Davoodi, an assistant professor of mechanical engineering at the University of Utah, who completed the work while a postdoctoral scholar at Caltech.

The Origin of a Novel Idea

Wanting to figure out a way to realize deep tissue in vivo printing, Gao and his colleagues turned to ultrasound, a platform that is widely used in biomedicine for deep tissue penetration. But they needed a way to trigger crosslinking, or binding of monomers, at a specific location and only when desired.

They came up with a novel approach: Combine ultrasound with low-temperature-sensitive liposomes. Such liposomes, spherical cell-like vesicles with protective fat layers, are often used for drug delivery. In the new work, the scientists loaded the liposomes with a crosslinking agent and embedded them in a polymer solution containing the monomers of the polymer they wanted to print, an imaging contrast agent that would reveal when the crosslinking had occurred, and the cargo they hoped to deliver -- a therapeutic drug, for example. Additional components can be included, such as cells and conductive materials like carbon nanotubes or silver. The composite bioink was then injected directly into the body.

Raise the Temperature Just a Touch to Trigger Printing

The liposome particles are low-temperature sensitive, which means that by using focused ultrasound to raise the temperature of a small targeted region by about 5 degrees Celsius, the scientists can trigger the release of their payload and initiate the printing of polymers.




"Increasing the temperature by a few degrees Celsius is enough for the liposome particle to release our crosslinking agents," says Gao. "Where the agents are released, that's where localized polymerization or printing will happen."

The team uses gas vesicles derived from bacteria as an imaging contrast agent. The vesicles, air-filled capsules of protein, show up strongly in ultrasound imaging and are sensitive to chemical changes that take place when the liquid monomer solution crosslinks to form a gel network. The vesicles actually change contrast, detected by ultrasound imaging, when the transformation takes place, allowing scientists to easily identify when and precisely where polymerization crosslinking has occurred, enabling them to customize the patterns printed in live animals.

The team calls the new technique the deep tissue in vivo sound printing (DISP) platform.

When the team used the DISP platform to print polymers loaded with doxorubicin, a chemotherapeutic drug, near a bladder tumor in mice, they found substantially more tumor cell death for several days as compared to animals that received the drug through direct injection of drug solutions.

"We have already shown in a small animal that we can print drug-loaded hydrogels for tumor treatment," Gao says. "Our next stage is to try to print in a larger animal model, and hopefully, in the near future, we can evaluate this in humans."

The team also believes that machine learning can enhance the DISP platform's ability to precisely locate and apply focused ultrasound. "In the future, with the help of AI, we would like to be able to autonomously trigger high-precision printing within a moving organ such as a beating heart," Gao says.

The work was supported by funding from the National Institutes of Health, the American Cancer Society, the Heritage Medical Research Institute, and the Challenge Initiative at UCLA. Fluorescence microscopy was performed at the Advanced Light Microscopy/Spectroscopy Laboratory and Leica Center of Excellence at the California NanoSystems Institute at UCLA.
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Ping pong bot returns shots with high-speed precision | ScienceDaily
MIT engineers are getting in on the robotic ping pong game with a powerful, lightweight design that returns shots with high-speed precision.


						
The new table tennis bot comprises a multijointed robotic arm that is fixed to one end of a ping pong table and wields a standard ping pong paddle. Aided by several high-speed cameras and a high-bandwidth predictive control system, the robot quickly estimates the speed and trajectory of an incoming ball and executes one of several swing types -- loop, drive, or chop -- to precisely hit the ball to a desired location on the table with various types of spin.

In tests, the engineers threw 150 balls at the robot, one after the other, from across the ping pong table. The bot successfully returned the balls with a hit rate of about 88 percent across all three swing types. The robot's strike speed approaches the top return speeds of human players and is faster than that of other robotic table tennis designs.

Now, the team is looking to increase the robot's playing radius so that it can return a wider variety of shots. Then, they envision the setup could be a viable competitor in the growing field of smart robotic training systems.

Beyond the game, the team says the table tennis tech could be adapted to improve the speed and responsiveness of humanoid robots, particularly for search-and-rescue scenarios, and situations in a which a robot would need to quickly react or anticipate.

"The problems that we're solving, specifically related to intercepting objects really quickly and precisely, could potentially be useful in scenarios where a robot has to carry out dynamic maneuvers and plan where its end effector will meet an object, in real-time," says MIT graduate student David Nguyen.

Nguyen is a co-author of the new study, along with MIT graduate student Kendrick Cancio and Sangbae Kim, associate professor of mechanical engineering and head of the MIT Biomimetics Robotics Lab. The researchers will present the results of those experiments in a paper at the IEEE International Conference on Robotics and Automation (ICRA) this month.




Precise play

Building robots to play ping pong is a challenge that researchers have taken up since the 1980s. The problem requires a unique combination of technologies, including high-speed machine vision, fast and nimble motors and actuators, precise manipulator control, and accurate, real-time prediction, as well as higher-level planning of game strategy.

"If you think of the spectrum of control problems in robotics, we have on one end manipulation, which is usually slow and very precise, such as picking up an object and making sure you're grasping it well. On the other end, you have locomotion, which is about being dynamic and adapting to perturbations in your system," Nguyen explains. "Ping pong sits in between those. You're still doing manipulation, in that you have to be precise in hitting the ball, but you have to hit it within 300 milliseconds. So, it balances similar problems of dynamic locomotion and precise manipulation."

Ping pong robots have come a long way since the 1980s, most recently with designs by Omron and Google DeepMind that employ artificial intelligence techniques to "learn" from previous ping pong data, to improve a robot's performance against an increasing variety of strokes and shots. These designs have been shown to be fast and precise enough to rally with intermediate human players.

"These are really specialized robots designed to play ping pong," Cancio says. "With our robot, we are exploring how the techniques used in playing ping pong could translate to a more generalized system, like a humanoid or anthropomorphic robot that can do many different, useful things."

Game control

For their new design, the researchers modified a lightweight, high-power robotic arm that Kim's lab developed as part of the MIT Humanoid -- a bipedal, two-armed robot that is about the size of a small child. The group is using the robot to test various dynamic maneuvers, including navigating uneven and varying terrain as well as jumping, running, and doing backflips, with the aim of one day deploying such robots for search-and-rescue operations.




Each of the humanoid's arms has four joints, or degrees of freedom, which are each controlled by an electrical motor. Cancio, Nguyen, and Kim built a similar robotic arm, which they adapted for ping pong by adding an additional degree of freedom in the wrist to allow for control of a paddle.

The team fixed the robotic arm to a table at one end of a standard ping pong table and set up high-speed motion capture cameras around the table to track balls that are bounced at the robot. They also developed optimal control algorithms that predict, based on the principles of math and physics, what speed and paddle orientation the arm should execute to hit an incoming ball with a particular type of swing: loop (or topspin), drive (straight-on), or chop (backspin).

They implemented the algorithms using three computers that simultaneously processed camera images, estimated a ball's real-time state, and translated these estimations to commands for the robot's motors to quickly react and take a swing.

After consecutively bouncing 150 balls at the arm, they found the robot's hit rate, or accuracy of returning the ball, was about the same for all three types of swings: 88.4 percent for loop strikes, 89.2 percent for chops, and 87.5 percent for drives. They have since tuned the robot's reaction time and found the arm hits balls faster than existing systems, at velocities of 20 meters per second.

In their paper, the team reports that the robot's strike speed, or the speed at which the paddle hits the ball, is on average 11 meters per second. Advanced human players have been known to return balls at speeds of between 21 to 25 meters second. Since writing up the results of their initial experiments, the researchers have further tweaked the system, and have recorded strike speeds of up to 19 meters per second (about 42 miles per hour).

"Some of the goal of this project is to say we can reach the same level of athleticism that people have," Nguyen says. "And in terms of strike speed, we're getting really, really close."

Their follow-up work has also enabled the robot to aim. The team incorporated control algorithms into the system that predict not only how but where to hit an incoming ball. With its latest iteration, the researchers can set a target location on the table, and the robot will hit a ball to that same location.

Because it is fixed to the table, the robot has limited mobility and reach, and can mostly return balls that arrive within a crescent-shaped area around the midline of the table. In the future, the engineers plan to rig the bot on a gantry or wheeled platform, enabling it to cover more of the table and return a wider variety of shots.

"A big thing about table tennis is predicting the spin and trajectory of the ball, given how your opponent hit it, which is information that an automatic ball launcher won't give you," Cancio says. "A robot like this could mimic the maneuvers that an opponent would do in a game environment, in a way that helps humans play and improve."

This research is supported, in part, by the Robotics and AI Institute.
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Red alert for our closest relatives | ScienceDaily
An international team of primate researchers has published the 25 most endangered primate species in Asia, Africa, Madagascar and South America for the years 2023 to 2025. The publication, supported by the German Primate Center (DPZ) -- Leibniz Institute for Primate Research in Gottingen, emphasizes how urgently global conservation measures need to be implemented now to save irreplaceable biodiversity.


						
"The situation is dramatic. If we don't act now, we will lose some of these species forever," warns Christian Roos, geneticist at the German Primate Center. "But there is hope -- if science, politics and society take action together." The report, compiled by leading primatologists and conservationists, underlines the urgent need for targeted conservation efforts to prevent the final extinction of these species.

The most important findings of the report

A group of experts comprising members of the conservation organizations International Union for Conservation of Nature (IUCN) and Conservation International (CI) as well as the International Primatological Society (IPS) has compiled a list of the 25 most endangered primate species in the world. Habitat destruction, hunting, climate change and illegal wildlife trade are the biggest threats to the animals.

The most endangered species include the Tapanuli orangutan (Pongo tapanuliensis) on Sumatra, with only around 800 individuals left. This makes it the most endangered ape species of all. It was only discovered in 2017 by DPZ scientists, among others. Its skull shape, dentition and genes are different from those of other orangutan species. This was revealed by extensive morphological and genetic analyses of orangutans, in which Christian Roos was also involved.

Many lemurs in Madagascar are also threatened with extinction, including Madame Berthe's mouse lemur (Microcebus berthae). The smallest primate in the world, weighing just 30 grams, was discovered in 1993 by DPZ scientists near the field station in the Foret de Kirindy. Its population has declined significantly in the last three years. "This species has also disappeared from most of the remaining intact forests, which points to frightening consequences for possible conservation measures. This could be the first primate we lose forever in the 21st century, as there are no captive populations either," says Peter Kappeler, head of the field station in the Foret de Kirindy.

Measures to protect primates

The report calls urgently for the expansion of crucial area protection measures and the consistent enforcement of these measures in order to permanently preserve critical habitats. At the same time, the report emphasizes the importance of actively engaging indigenous and local communities and empowering them as stewards of their own regions. It also calls for comprehensive policy reform, in particular by tightening laws against illegal wildlife trade and ongoing deforestation. Finally, the report underlines the urgency of mobilizing sufficient financial resources to successfully implement long-term conservation programs. "Every primate species that we lose not only means an irreparable loss for nature, but also for us humans," says Roos. "Because primates are not only fascinating animals -- they are also key species of our ecosystems." If a key species ceases to exist, no other species is able to occupy its ecological niche and the corresponding ecosystem changes radically.

The 25 most endangered primates in the world

Every two years, the 25 most endangered primate species in the world are announced at the meeting of the International Primatological Society in order to raise public awareness of the critical situation of primates. By listing the endangered primates, the researchers want to draw global attention to the fate of our closest relatives and raise funds for research and conservation measures. The report is based on the expertise of over 100 scientists worldwide.
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The Squid Galaxy's neutrino game just leveled up | ScienceDaily
In space, energetic neutrinos are usually paired with energetic gamma rays. Galaxy NGC 1068, however, emits strong neutrinos and weak gamma rays, which presents a puzzle for scientists to solve. A new paper posits that helium nuclei collide with ultraviolet photons emitted by the galaxy's central region and fragment, releasing neutrons that subsequently decay into neutrinos without producing gamma rays.


						
The finding offers insight into the extreme environment around the supermassive black holes at the center of galaxies like NGC 1068 and our own and enhances our understanding of the relationships between radiation and elementary particles that could lead to technological advances we haven't yet imagined.

Buried deep in the ice in the Antarctic are "eyes" that can see elementary particles called neutrinos, and what they've observed is puzzling scientists: a remarkably strong neutrino signal accompanied by a surprisingly weak gamma-ray emission in the galaxy NGC 1068, also known as the Squid Galaxy.

The "eyes" are a collection of detectors buried in a cubic kilometer of ice called the IceCube Neutrino Observatory. Theoretical physicists from UCLA, the University of Osaka, and the University of Tokyo Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU, WPI) are using their observations of NGC 1068 to propose a completely new route by which neutrinos can be produced.

Neutrinos are subatomic particles that interact only very weakly with gravity and can pass through matter. This makes them even harder to detect than other particles, such as electrons. The IceCube Neutrino Observatory consists of 5,160 sensors buried in clear, compressed Antarctic ice that look for events that could be produced by neutrinos when they pass through the ice, interact with it and create charged particles.

"We have telescopes that use light to look at stars, but many of these astrophysical systems also emit neutrinos," said Alexander Kusenko, professor of physics and astronomy at UCLA and a senior fellow at Kavli IPMU. "To see neutrinos, we need a different type of telescope, and that's the telescope we have at the South Pole."

The IceCube neutrino telescope detected very energetic neutrinos coming from NGC 1068 accompanied by a weak gamma-ray flux, hinting that these neutrinos may have been produced in a different way than previously thought. The NGC 1068 data is perplexing because, typically, energetic neutrinos from active galactic centers are thought to originate from interactions between protons and photons, producing gamma rays of comparable intensity. Thus, energetic neutrinos are usually paired with energetic gamma rays.




NGC 1068's gamma-ray emission is significantly lower than expected and shows a distinctly different spectral shape. Traditional models, including those based on proton-photon collisions and emission from the galaxy's hot plasma region known as the "corona," have been widely used to explain such neutrino signals, but they have faced theoretical limitations, prompting the search for a new explanation.

In a new paper published in Physical Review Letters, Kusenko and colleagues suggest that the high-energy neutrinos from NGC 1068 primarily result from the decay of neutrons when helium nuclei in the galaxy's jet break apart under intense ultraviolet radiation. When these helium nuclei collide with ultraviolet photons emitted by the galaxy's central region, they fragment, releasing neutrons that subsequently decay into neutrinos. The energies of the resulting neutrinos match the observations.

Additionally, electrons generated by these nuclear decays interact with surrounding radiation fields, creating gamma rays consistent with the observed lower intensity. This scenario elegantly explains why the neutrino signal dramatically outshines the gamma-ray emission and accounts for the distinct energy spectrum observed in both neutrinos and gamma rays.

The breakthrough helps scientists understand how cosmic jets in active galaxies can emit powerful neutrinos without a corresponding gamma-ray glow, shedding new light on the extreme, complex conditions surrounding supermassive black holes, including the one at the center of our own galaxy.

"We don't know very much about the central, extreme region near the galactic center of NGC1068," said Kusenko. "If our scenario is confirmed, it tells us something about the environment near the supermassive black hole at the center of that galaxy."

The new paper proposes that if a helium nucleus accelerates in the jet of a supermassive black hole, it crashes into photons and breaks apart, spilling its two protons and two neutrons into space. The protons can fly away, but the neutrons are unstable and fall apart, or decay, into neutrinos without producing gamma rays.




"Hydrogen and helium are the two most common elements in space," said first author and UCLA doctoral student Koichiro Yasuda. "But hydrogen only has a proton, and if that proton runs into photons, it will produce both neutrinos and strong gamma rays. But neutrons have an additional way of forming neutrinos that don't produce gamma rays. So helium is the most likely origin of the neutrinos we observe from NGC 1068."

The work reveals the existence of hidden astrophysical neutrino sources, whose signals may previously have gone unnoticed due to their faint gamma-ray signatures.

"This idea offers a new perspective beyond traditional corona models. NGC 1068 is just one of many similar galaxies in the universe, and future neutrino detections from them will help test our theory and uncover the origin of these mysterious particles," said co-author and the University of Osaka professor of astrophysics Yoshiyuki Inoue.

Like NGC 1068, our galaxy also has a supermassive black hole at its center, where unfathomably immense gravity and energy literally tear atoms apart, and the neutrino discovery holds for our galaxy, too. Although there's not necessarily a straight line from understanding the galactic center to improvements in human welfare, knowledge gained through the study of particles like neutrinos and radiation like gamma rays has a tendency to lead technology down surprising and transformative paths.

"When J.J. Thompson received the 1906 Nobel Prize in physics for the discovery of electrons, he famously gave a toast at a dinner after the ceremony, saying that this was probably the most useless discovery in history," said Kusenko. "And, of course, every smartphone, every electronic device today, uses the discovery that Thompson made nearly 125 years ago."

Kusenko also said that particle physics gave birth to the World Wide Web, which originated as a network developed by physicists who needed to move large amounts of data between labs. He pointed out that the discovery of nuclear magnetic resonance seemed obscure at the time but led to the development of magnetic resonance imaging technology, which is now used routinely in medicine.

"We stand at the very beginning of the new field of neutrino astronomy, and the mysterious neutrinos from NGC 1068 are one of the puzzles we have to solve along the way," said Kusenko. "Investment in science is going to produce something that you may not be able to appreciate now but could produce something big decades later. It's a long-term investment, and private companies are reluctant to invest in the kind of research we're doing. That's why government funding for science is so important, and that's why universities are so important."

The research was funded by the Department of Energy, the World Premier International Research Center Initiative (WPI), and the Japan Society for the Promotion of Science.
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Mercury levels in the atmosphere have decreased throughout the 21st century | ScienceDaily
Mercury is released by environmental and human-driven processes. And some forms, specifically methylmercury, are toxic to humans. Therefore, policies and regulations to limit mercury emissions have been implemented across the globe. And, according to research published in ACS ES&T Air, those efforts may be working. Researchers found that atmospheric mercury levels have decreased by almost 70% in the last 20 years, mainly because human-caused emissions have been reduced.


						
"By tracking mercury pollution over four decades at the top of the world, we show that global efforts to reduce pollution are working -- mercury levels in the air around Mount Everest have dropped significantly in the last two decades," explains Yindong Tong, the corresponding author on the study.

Humans contribute mercury to the air by burning fossil fuels, incinerating waste and mining. Environmental protections, such as the Minamata Convention on Mercury, aim to target those sources of pollution. The convention's effectiveness is judged partly on the amount of mercury in the atmosphere. Gaseous elemental mercury is also released from its largest natural reservoir, the soil, which might be accumulating even more mercury because of a changing climate. To distinguish between new, human-caused emissions and re-emissions of terrestrial mercury stored in the soil, researchers can look at patterns of mercury isotopes in the atmosphere. But regular atmospheric mercury isotope measurements have been collected for only about a decade. So, Tong, Ruoyu Sun and colleagues wanted to reconstruct information on past atmospheric mercury levels to understand how they've changed.

To look back in time, the researchers turned to the leaves of a tiny, low-to-the-ground perennial plant (Androsace tapete) growing at high elevations on Mount Everest. Much like the rings in a tree trunk, this plant grows a new layer of outer leaves every year, and they reflect what the plant's surrounding environment was like. So, by sampling older leaves from the center of two plants on Everest, the team gained a sense of atmospheric mercury levels as far back as 1982. They found that between 2000 and 2020, the total atmospheric concentration of elemental mercury decreased by 70%, with terrestrial mercury emissions making up a larger fraction of total emissions year over year. Currently, the soil emits significantly more mercury (62%) than human-related sources (28%).

Researchers attribute this overall decrease, based on patterns observed in mercury isotope data in plant leaves, to reduced human-caused mercury emissions led by efforts like the Minamata Convention. These observed trends match the reductions in atmospheric mercury seen from areas across the northern hemisphere that have been reported in previous studies. The researchers conclude that though recent efforts focused on human-related emissions appear to be successful, future efforts should be aimed at curbing re-emissions from soil.

The authors acknowledge funding from the Tianjin Natural Science Foundation and the National Natural Science Foundation of China.
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        Research shows how hormone can reverse fatty liver disease in mice
        A pioneering research study details how the hormone FGF21 (fibroblast growth factor 21) can reverse the effects of fatty liver disease in mice. The hormone works primarily by signaling the brain to improve liver function.

      

      
        Could a mini-stroke leave lasting fatigue?
        A transient ischemic attack, also known as a mini-stroke, is typically defined as a temporary blockage of blood flow to the brain that causes symptoms that go away within a day, but a new study finds that people who have this type of stroke may also have prolonged fatigue lasting up to one year.

      

      
        New nanoparticle could make cancer treatment safer, more effective
        Scientists have created a new nanoparticle that could make ultrasound-based cancer treatments more effective and safer, while also helping prevent tumors from coming back. To make the therapy even more powerful, the scientists also attached a potent chemotherapy drug to the peptide on the nanoparticle's surface. The ultrasound physically destroys the tumor, and the drug helps eliminate any leftover cancer cells that might cause the tumor to return.

      

      
        Energy and memory: A new neural network paradigm
        Listen to the first notes of an old, beloved song. Can you name that tune? If you can, congratulations -- it's a triumph of your associative memory, in which one piece of information (the first few notes) triggers the memory of the entire pattern (the song), without you actually having to hear the rest of the song again. We use this handy neural mechanism to learn, remember, solve problems and generally navigate our reality.

      

      
        How we think about protecting data
        A new game-based experiment sheds light on the tradeoffs people are willing to make about data privacy.

      

      
        Duchenne muscular dystrophy gene therapy
        Scientists present current evidence for a new gene therapy for Duchenne muscular dystrophy called delandistrogene moxeparvovec.

      

      
        The key to spotting dyslexia early could be AI-powered handwriting analysis
        A new study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.

      

      
        'Sweet spot' for focused ultrasound to provide essential tremor relief
        For millions of people around the world with essential tremor, everyday activities from eating and drinking to dressing and doing basic tasks can become impossible. This common neurological movement disorder causes uncontrollable shaking, most often in the hands, but it can also occur in the arms, legs, head, voice, or torso. Essential tremor impacts an estimated 1 percent of the worldwide population and around 5 percent of people over 60. Investigators have now identified a specific subregion of...

      

      
        Combining laboratory techniques yields wealth of information about deadly brain tumors
        Clinicians have demonstrated that doctors can gain a wealth of knowledge about a patient's cancer by using multiple laboratory techniques to study tumor tissue taken from needle biopsies of glioblastoma, a highly aggressive form of brain cancer.

      

      
        New generation of skin substitutes give hope to severe burns patients
        Australian researchers have flagged some promising new approaches to treat severe burns that could save lives and dramatically improve patient recovery.

      

      
        Adult-onset type 1 diabetes increases risk of cardiovascular disease and death
        A new study shows that people who develop type 1 diabetes in adulthood have an increased risk of cardiovascular disease and death, and that those diagnosed later in life do not have a better prognosis than those diagnosed earlier.

      

      
        The risk of death or complications from broken heart syndrome was high from 2016 to 2020
        The risk of death or complications from the stress-related heart condition associated with stressful events, such as the death of a loved one -- called Takotsubo cardiomyopathy or broken heart syndrome -- was high and unchanged from 2016 to 2020, according to data from a national study that included nearly 200,000 U.S. adults.

      

      
        Got data? Breastfeeding device measures babies' milk intake in real time
        New device can give peace of mind and reduce anxiety for breastfeeding moms. It uses bioimpedance, which is currently used to measure body fat, and streams clinical-grade data to a smartphone or tablet in real time. Developed by physicians and engineers, device was tested by new moms. Technology could particularly benefit fragile babies in the NICU, who have precise nutritional needs.

      

      
        Study sheds light on how autistic people communicate
        There is no significant difference in the effectiveness of how autistic and non-autistic people communicate, according to a new study, challenging the stereotype that autistic people struggle to connect with others.

      

      
        New hope against superbugs: Promising antibiotic candidate discovered
        An international team of researchers has discovered saarvienin A, a new type of glycopeptide antibiotic. Their findings introduce a compound with strong activity against highly resistant bacterial strains.

      

      
        Sugar-coated nanotherapy dramatically improves neuron survival in Alzheimer's model
        In many neurodegenerative diseases, proteins misfold and clump together in brain tissue. Scientists developed a new therapy made of peptides and a sugar that naturally occurs in plants. The therapeutic molecules self-assemble into nanofibers, which bond to the neuron-killing proteins. Now trapped, the toxic proteins can no longer enter neurons and instead harmlessly degrade.

      

      
        Postpartum depression and bonding: Long-term effects on school-age children
        Postpartum maternal mental health and mother-to-infant bonding are well-established as critical factors in a child's psychosocial development. However, few studies have explored the combined impact of postpartum maternal depression and early bonding experiences on emotional and behavioral difficulties during middle childhood. A new study reveals significant associations between postpartum depression, mother-to-infant bonding, and child difficulties. Notably, secure early bonding was found to part...

      

      
        Making connections: A three-dimensional visualization of musculoskeletal development
        Using a new fluorescent mouse model with advanced imaging techniques, researchers have successfully visualized how musculoskeletal components are integrated into the functional locomotor system during embryonic development.

      

      
        Why are urban children more prone to allergies?
        Evidence of a unique T cell may explain why urban children are more prone to allergies than rural children. Differences in the development of the gut microbiome may be an underlying cause.

      

      
        Scientists discover new way the brain learns
        Neuroscientists have discovered that the brain uses a dual system for learning through trial and error. This is the first time a second learning system has been identified, which could help explain how habits are formed and provide a scientific basis for new strategies to address conditions related to habitual learning, such as addictions and compulsions. The study in mice could also have implications for developing therapeutics for Parkinson's.

      

      
        A downside of taurine: It drives leukemia growth
        A study shows that leukemia cells drink up taurine, which is produced in the body and also consumed through foods and in energy drinks, and use it as fuel for growth. This highlights a potential to block taurine uptake as a possible treatment.

      

      
        Recognition from colleagues helps employees cope with bad work experiences
        Being appreciated by colleagues can help employees cope with negative experiences at work, according to a new study. Researchers found that employees experience 'embitterment' -- an emotional response to perceived workplace injustice -- on days when they are assigned more unreasonable tasks than usual. This negative emotion not only affects their work but also spills over into their personal lives, leading to an increase in rumination, the repetitive dwelling on negative feelings and their causes...

      

      
        Eldercare robot helps people sit and stand, and catches them if they fall
        Engineers built E-BAR, a mobile robot designed to physically support the elderly and prevent them from falling as they move around their homes. E-BAR acts as a set of robotic handlebars that follows a person from behind, allowing them to walk independently or lean on the robot's arms for support.

      

      
        Mapping a new brain network for naming
        Researchers identified two brain networks involved in word retrieval -- the cognitive process of accessing words we need to speak. A semantic network processes meaning in middle/inferior frontal gyri, while an articulatory network in inferior frontal/precentral gyri plans speech production.

      

      
        Hormone cycles shape the structure and function of key memory regions in the brain
        Hormone levels fluctuate like the tides, ebbing and flowing according to carefully orchestrated cycles. These hormones not only influence the body, but can cross into the brain and shape the behavior of our neurons and cognitive processes. Recently, researchers used modern laser microscopy techniques to observe how fluctuations in ovarian hormones shape both the structure and function of neurons in the mouse hippocampus, a brain region crucial for memory formation and spatial learning in mammals....

      

      
        Higher success rate using a simple oral swab test before IVF
        Researchers have conducted a clinical study to show how a woman's genetic profile provides information on which hormone treatment is most effective for in vitro fertilization (IVF). The researchers have now developed a simple oral swab test that shows which hormone therapy is the best option for IVF treatment.

      

      
        Seek medical advice before attempting water-only fasting diets, experts warn
        Experts are urging people, especially those with existing heart or vascular conditions, to seek medical advice before attempting to lose weight using water-only fasting diets.

      

      
        New survey shows privacy and safety tops list of parental concerns about screen time
        As kids spend more time on screens, a new national survey conducted by Ipsos on behalf of The Kids Mental Health Foundation, founded by Nationwide Children's Hospital, identifies parents' greatest fears for their children around screen time.

      

      
        New light shed on health differences between males and females
        The results of an international study shed new light the underlying biological mechanisms which cause differences in health risks, symptoms and outcomes between males and females.

      

      
        Scientists film the heart forming in 3D earlier than ever before
        Researchers have identified the origin of cardiac cells using 3D images of a heart forming in real-time, inside a living mouse embryo.

      

      
        Combinations of chronic illnesses could double risk of depression
        People with multiple long-term physical health conditions are at a significantly greater risk of developing depression, a study shows.

      

      
        'Loop'hole: HIV-1 hijacks human immune cells using circular RNAs
        Researchers have identified a never-before-seen mechanism that enables HIV-1 to evade the body's natural defenses and use it to support its survival and replication. The 'loophole' is a biological process that involves circular RNAs and marks the first experimental evidence of HIV-1 generating them from an integrated retroviral genome. Findings point to a novel strategy the virus uses to survive, providing a new target in the fight against one of the world's most resilient pathogens.

      

      
        New approach to treating aggressive breast cancers shows significant improvement in survival
        A new treatment approach significantly improves survival rates for patients with aggressive, inherited breast cancers, according to researchers. In a trial where cancers were treated with chemotherapy followed by a targeted cancer drug before surgery, 100% of patients survived the critical three-year period post-surgery.

      

      
        Estrogen-related receptors could be key to treating metabolic and muscular disorders
        Researchers confirm and explore the role of estrogen-related receptors in regulating energy production in muscle cells during exercise. The findings indicate that developing a drug to boost estrogen-related receptors could be a powerful way to restore energy supplies in people with metabolic disorders, such as muscular dystrophy.

      

      
        Measles virus detected in Houston wastewater before cases were reported
        An innovative outbreak detection program that tracks disease-causing viruses in wastewater identified the measles virus in Houston samples collected in early January 2025, before cases were reported.

      

      
        Lower tackle height changing face of women's rugby, study says
        Lowering the legal tackle height in women's rugby is proving effective in reducing head contacts between players, a new study suggests. Changes to the tackle height law in women's community rugby in Scotland is linked to reductions in head-to-head and head-to shoulder contacts, the study found. The researchers used video analysis to study the impact of the lowered tackle height law which World Rugby, the sport's governing body, introduced for community rugby in an attempt to improve safety for pl...

      

      
        Olympic anti-doping lab puts U.S. meat supply to the test
        Scientists turned their sophisticated analytical capabilities for testing athlete samples for performance-enhancing drugs to research examining the U.S. meat supply. The study was designed to investigate concerns that residues of growth promoters used in meat production could potentially cause athletes to test positive.

      

      
        CAR-T cell therapy for cancer causes 'brain fog,' study shows
        Cancer treatment with a cell-based immunotherapy causes mild cognitive impairment, a Stanford Medicine team found. They also identified compounds that could treat it.

      

      
        Evidence of mother-offspring attachment types in wild chimpanzees
        A team of researchers has identified distinct mother-offspring attachment types in wild chimpanzees (Pan troglodytes verus). Drawing parallels with human psychology, the study provides compelling evidence that wild chimpanzee infants, like human children, develop critical secure and insecure-avoidant attachment patterns to their mothers. However, unlike humans and some captive chimpanzees, wild chimpanzees did not exhibit disorganized attachment characterized by high rates of aggression. This rai...

      

      
        Drug to slow Alzheimer's well tolerated outside of clinical trial setting
        In a recent study, researchers found adverse events were rare and manageable among clinic patients with very mild or mild Alzheimer's disease who received lecanemab infusions.

      

      
        Addressing hearing loss may reduce isolation among the elderly
        Providing hearing aids and advice on their use may preserve social connections that often wane as we age, a new study shows. Its authors say that this approach could help ease the loneliness epidemic that older Americans face.

      

      
        Extended reality boccia shows positive rehabilitation effects
        A team has developed Boccia XR, a rehabilitation program using extended reality technology that can be introduced even in environments with limited space.

      

      
        Different anesthetics, same result: Unconsciousness by shifting brainwave phase
        A new study finds that an easily measurable brain wave shift of phase may be a universal marker of unconsciousness under general anesthesia.

      

      
        Your fingers wrinkle in the same pattern every time you're in the water for too long
        Your fingers wrinkle in the same pattern every time you're in the water for too long, according to new research.

      

      
        ChatGPT helps pinpoint precise locations of seizures in the brain, aiding neurosurgeons
        ChatGPT responses matched or outperformed epileptologists' responses related to the regions where epileptogenic zones are commonly located. Yet epileptologists provided more accurate responses for the regions rarely affected.

      

      
        Cell death discovery could lead to next-gen drugs for neurodegenerative conditions
        Researchers have discovered how to block cells dying, in a finding that could lead to new treatments for neurodegenerative conditions like Parkinson's and Alzheimer's. The team has identified a small molecule that can selectively block cell death.

      

      
        The how and why of the brain's division across hemispheres
        Why does the brain split visual spatial perception between its hemispheres? A new review by neuroscientists examines the advantages and trade-offs, and how the brain ultimately makes vision feel seamless.

      

      
        Fat-rich fluid fuels immune failure in ovarian cancer
        New research has uncovered how lipid-rich fluid in the abdomen, known as ascites, plays a central role in weakening the body's immune response in advanced ovarian cancer. The findings offer new insights into immune suppression in ovarian cancer and open promising avenues for future immunotherapy approaches. Over 70% of patients with ovarian cancer are diagnosed at an advanced stage, often presenting with large volumes of ascites. This ascites fluid not only supports the spread of cancer throughou...

      

      
        The origins of language
        Wild chimpanzees alter the meaning of single calls when embedding them into diverse call combinations, mirroring linguistic operations in human language. Human language, however, allows an infinite generation of meaning by combining phonemes into words and words into sentences. This contrasts with the very few meaningful combinations reported in animals, leaving the mystery of human language evolution unresolved.

      

      
        Antibiotics from human use are contaminating rivers worldwide, study shows
        Millions of kilometers of rivers around the world are carrying antibiotic pollution at levels high enough to promote drug resistance and harm aquatic life, a new study warns. The study estimated the scale of global river contamination from human antibiotics use. Researchers calculated that about 8,500 tons of antibiotics -- nearly one-third of what people consume annually -- end up in river systems around the world each year even after in many cases passing through wastewater systems.
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Research shows how hormone can reverse fatty liver disease in mice | ScienceDaily

University of Oklahoma researcher Matthew Potthoff, Ph.D., is the lead author of the study, which provides valuable insight about the mechanism of action of the hormone, which is a target for a new class of highly anticipated drugs that are in Phase 3 clinical trials.

"Fatty liver disease, or MASLD (metabolic dysfunction-associated steatotic liver disease), is a buildup of fat in the liver. It can progress to MASH (metabolic dysfunction-associated steatohepatitis) during which fibrosis and, ultimately, cirrhosis can occur. MASLD is becoming a very big problem in the United States, affecting 40% of people worldwide, and there is currently only one treatment approved by the Food and Drug Administration to treat MASH. A new class of drugs, based on FGF21 signaling, is showing good therapeutic benefits in clinical trials, but until now, the mechanism for how they work has been unclear," said Potthoff, a professor of biochemistry and physiology at the University of Oklahoma College of Medicine and deputy director of OU Health Harold Hamm Diabetes Center.

The study's results demonstrated that FGF21 was effective at causing signaling in the model species that changed the liver's metabolism. In doing so, the liver's fat was lowered and the fibrosis was reversed. The hormone also sent a separate signal directly to the liver, specifically to lower cholesterol.

"It's a feedback loop where the hormone sends a signal to the brain, and the brain changes nerve activity to the liver to protect it," Potthoff said. "The majority of the effect comes from the signal to the brain as opposed to signaling the liver directly, but together, the two signals are powerful in their ability to regulate the different types of lipids in the liver."

Similar to the family of weight loss drugs known as GLP-1s (glucagon-like peptide 1), which help regulate blood sugar levels and appetite, FGF21 acts on the brain to regulate metabolism. In addition, both are hormones produced from peripheral tissues -- GLP-1 from the intestine and FGF21 from the liver -- and both work by sending a signal to the brain.

"It is interesting that this metabolic hormone/drug works primarily by signaling to the brain instead of to the liver directly, in this case," he said. "FGF21 is quite powerful because it not only led to a reduction of fat, but it also mediated the reversal of fibrosis, which is the pathological part of the disease, and it did so while the mice were still eating a diet that would cause the disease. Now, we not only understand how the hormone works, but it may guide us in creating even more targeted therapies in the future."
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Could a mini-stroke leave lasting fatigue? | ScienceDaily
A transient ischemic attack, also known as a mini-stroke, is typically defined as a temporary blockage of blood flow to the brain that causes symptoms that go away within a day, but a new study finds that people who have this type of stroke may also have prolonged fatigue lasting up to one year. The study is published on May 14, 2025, online in Neurology(r), the medical journal of the American Academy of Neurology (AAN). The study does not prove that mini-strokes cause lasting fatigue; it only shows an association.


						
"People with a transient ischemic attack can have symptoms such as face drooping, arm weakness or slurred speech and these resolve within a day," said study author Boris Modrau, MD, PhD, of Aalborg University Hospital in Denmark. "However, some have reported continued challenges including reduced quality of life, thinking problems, depression, anxiety and fatigue. Our study found that for some people, fatigue was a common symptom that lasted up to one year after the transient ischemic attack."

The study involved 354 people with an average age of 70 who had a mini-stroke. They were followed for a year.

Participants completed questionnaires about their level of fatigue within the first two weeks of the mini-stroke and again at three, six, and 12 months later.

One questionnaire looked at five different types of fatigue, including overall tiredness, physical tiredness, reduced activity, reduced motivation and mental fatigue. Scores ranged from four to 20 with higher scores indicating more fatigue. Participants had an average score of 12.3 at the start of the study. At three months, the average score decreased slightly to 11.9, at six months to 11.4 and at twelve months to 11.1.

Researchers looked at how many participants experienced fatigue as defined as a score of 12 or higher. Of the participants, 61% experienced fatigue two weeks after the mini-stroke and 54% experienced fatigue at each of the three other testing time periods at three, six and 12 months.

Participants also had brain scans. Researchers found that the presence of a blot clot on a scan was equal between people with long term fatigue and those without it, so this did not explain the reason for the level of fatigue.




Researchers did find that previous anxiety or depression was twice as common in those participants who reported lasting fatigue.

"Long-term fatigue was common in our group of study participants, and we found if people experience fatigue within two weeks after leaving the hospital, it is likely they will continue to have fatigue for up to a year," said Modrau. "For future studies, people diagnosed with a transient ischemic attack should be followed in the weeks and months that follow to be assessed for lingering fatigue. This could help us better understand who might struggle with fatigue long-term and require further care."

A limitation of the study was that while participants were asked to complete the questionnaires themselves, it is possible some responses may have been completed with assistance from relatives or caretakers and this may have influenced responses, including those around fatigue.

The study was supported by the Danish Physiotherapy Association.
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New nanoparticle could make cancer treatment safer, more effective | ScienceDaily
Researchers have created a new kind of nanoparticle that could make ultrasound-based cancer treatments more effective and safer, while also helping prevent tumors from coming back.


						
The study, published in the journal Nano Letters, explores a way to make high-intensity focused ultrasound less harmful to healthy tissues.

Oregon Health & Science University was the first hospital in Oregon to offer prostate cancer treatment using a robotic-assisted high-intensity focused ultrasound device. Researchers in the OHSU Knight Cancer Institute's Cancer Early Detection Advanced Research Center, or CEDAR, wanted to improve a category of focused ultrasound known as mechanical tumor ablation.

This technique uses energy to destroy solid tumors without surgery. However, using focused ultrasound to treat solid tumors has two major challenges: it usually needs a lot of energy, which can create heat and harm healthy tissue, and even if the tumor is broken up, some cancer cells might survive and allow the cancer to come back.

"In this study, we developed a tiny particle -- about a thousand times smaller than the width of a sheet of paper -- that helps treat cancer more effectively," said Michael Henderson, B.A., the study's co-lead author.

"These nanoparticles are engineered with small bubbles on their surface. When targeted with focused ultrasound, the bubbles pop and release energy that helps destroy tumors more precisely," he said. "The particles are also coated with a special molecule called a peptide, which helps them stick to tumors and enter cancer cells more easily."

To make the therapy even more powerful, the scientists also attached a potent chemotherapy drug to the peptide on the nanoparticle's surface. Li Xiang, Ph.D., a postdoctoral scholar with CEDAR and the study's other co-lead author, describes this method as a "one-two punch."

"The ultrasound physically destroys the tumor, and the drug helps eliminate any leftover cancer cells that might cause the tumor to return," she said.




In preclinical models of human melanoma, this combination led to deeper tumor destruction and more effective drug delivery than either treatment alone.

"Our nanoparticles reduce the energy needed for ultrasound treatment by up to 100-fold," Henderson said. "This allows us to use short ultrasound pulses to disrupt tumors mechanically, without overheating surrounding tissue."

When tested in mice with human melanoma tumors, the combined treatment -- ultrasound plus the drug-loaded nanoparticles -- led to significantly better outcomes than either treatment alone. In some cases, tumors completely disappeared and improved overall survival for more than 60 days with no major side effects observed.

The new platform could eventually be used for other treatments, including infections or cardiovascular disease, where a mix of mechanical and drug therapy could be helpful.

"What began in 2018 as research into nanoparticle-assisted tumor ablation has evolved into a multifunctional platform enabled by simple mixing -- we're now excited to bring this into immunotherapy," said Adem Yildirim, Ph.D., the study's senior author and assistant professor of oncological sciences in the OHSU School of Medicine and the OHSU Knight Cancer Institute. "By combining focused ultrasound with smart drug delivery, we're seeing a promising new way to fight cancer more effectively and reduce the chance of it coming back."

Henderson said future combined treatments, in this case ultrasound and immunotherapy, could help go beyond what each therapy does on its own.
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Energy and memory: A new neural network paradigm | ScienceDaily
Listen to the first notes of an old, beloved song. Can you name that tune? If you can, congratulations -- it's a triumph of your associative memory, in which one piece of information (the first few notes) triggers the memory of the entire pattern (the song), without you actually having to hear the rest of the song again. We use this handy neural mechanism to learn, remember, solve problems and generally navigate our reality.


						
"It's a network effect," said UC Santa Barbara mechanical engineering professor Francesco Bullo, explaining that associative memories aren't stored in single brain cells. "Memory storage and memory retrieval are dynamic processes that occur over entire networks of neurons."

In 1982 physicist John Hopfield translated this theoretical neuroscience concept into the artificial intelligence realm, with the formulation of the Hopfield network. In doing so, not only did he provide a mathematical framework for understanding memory storage and retrieval in the human brain, he also developed one of the first recurrent artificial neural networks -- the Hopfield network -- known for its ability to retrieve complete patterns from noisy or incomplete inputs. Hopfield won the Nobel Prize for his work in 2024.

However, according to Bullo and collaborators Simone Betteti, Giacomo Baggio and Sandro Zampieri at the University of Padua in Italy, the traditional Hopfield network model is powerful, but it doesn't tell the full story of how new information guides memory retrieval. "Notably," they say in a paper published in the journal Science Advances, "the role of external inputs has largely been unexplored, from their effects on neural dynamics to how they facilitate effective memory retrieval." The researchers suggest a model of memory retrieval they say is more descriptive of how we experience memory.

"The modern version of machine learning systems, these large language models -- they don't really model memories," Bullo explained. "You put in a prompt and you get an output. But it's not the same way in which we understand and handle memories in the animal world." While LLMs can return responses that can sound convincingly intelligent, drawing upon the patterns of the language they are fed, they still lack the underlying reasoning and experience of the physical real world that animals have.

"The way in which we experience the world is something that is more continuous and less start-and-reset," said Betteti, lead author of the paper. Most of the treatments on the Hopfield model tended to treat the brain as if it was a computer, he added, with a very mechanistic perspective. "Instead, since we are working on a memory model, we want to start with a human perspective."

The main question inspiring the theorists was: As we experience the world that surrounds us, how do the signals we receive enable us to retrieve memories?




As Hopfield envisioned, it helps to conceptualize memory retrieval in terms of an energy landscape, in which the valleys are energy minima that represent memories. Memory retrieval is like exploring this landscape; recognition is when you fall into one of the valleys. Your starting position in the landscape is your initial condition.

"Imagine you see a cat's tail," Bullo said. "Not the entire cat, but just the tail. An associative memory system should be able to recover the memory of the entire cat." According to the traditional Hopfield model, the cat's tail (stimulus) is enough to put you closest to the valley labeled "cat," he explained, treating the stimulus as an initial condition. But how did you get to that spot in the first place?

"The classic Hopfield model does not carefully explain how seeing the tail of the cat puts you in the right place to fall down the hill and reach the energy minimum," Bullo said. "How do you move around in the space of neural activity where you are storing these memories? It's a little bit unclear."

The researchers' Input-Driven Plasticity (IDP) model aims to address this lack of clarity with a mechanism that gradually integrates past and new information, guiding the memory retrieval process to the correct memory. Instead of applying the two-step algorithmic memory retrieval on the rather static energy landscape of the original Hopfield network model, the researchers describe a dynamic, input-driven mechanism.

"We advocate for the idea that as the stimulus from the external world is received (e.g., the image of the cat tail), it changes the energy landscape at the same time," Bullo said. "The stimulus simplifies the energy landscape so that no matter what your initial position, you will roll down to the correct memory of the cat." Additionally, the researchers say, the IDP model is robust to noise -- situations where the input is vague, ambiguous, or partially obscured -- and in fact uses the noise as a means to filter out less stable memories (the shallower valleys of this energy landscape) in favor of the more stable ones.

"We start with the fact that when you're gazing at a scene your gaze shifts in between the different components of the scene," Betteti said. "So at every instant in time you choose what you want to focus on but you have a lot of noise around." Once you lock into the input to focus on, the network adjusts itself to prioritize it, he explained.

Choosing what stimulus to focus on, a.k.a. attention, is also the main mechanism behind another neural network architecture, the transformer, which has become the heart of large language models like ChatGPT. While the IDP model the researchers propose "starts from a very different initial point with a different aim," Bullo said, there's a lot of potential for the model to be helpful in designing future machine learning systems.

"We see a connection between the two, and the paper describes it," Bullo said. "It is not the main focus of the paper, but there is this wonderful hope that these associative memory systems and large language models may be reconciled."
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How we think about protecting data | ScienceDaily
How should personal data be protected? What are the best uses of it? In our networked world, questions about data privacy are ubiquitous and matter for companies, policymakers, and the public.


						
A new study by MIT researchers adds depth to the subject by suggesting that people's views about privacy are not firmly fixed and can shift significantly, based on different circumstances and different uses of data.

"There is no absolute value in privacy," says Fabio Duarte, principal research scientist in MIT's Senseable City Lab and co-author of a new paper outlining the results. "Depending on the application, people might feel use of their data is more or less invasive."

The study is based on an experiment the researchers conducted in multiple countries using a newly developed game that elicits public valuations of data privacy relating to different topics and domains of life.

"We show that values attributed to data are combinatorial, situational, transactional, and contextual," the researchers write.

The paper, "Data Slots: tradeoffs between privacy concerns and benefits of data-driven solutions," is published in Nature: Humanities and Social Sciences Communications. The authors are Martina Mazzarello, a postdoc in the Senseable City Lab; Duarte; Simone Mora, a research scientist at Senseable City Lab; Cate Heine PhD '24 of University College London; and Carlo Ratti, director of the Senseable City Lab.

The study is based around a card game with poker-type chips the researchers created to study the issue, called Data Slots. In it, players hold hands of cards with 12 types of data -- such as a personal profile, health data, vehicle location information, and more -- that relate to three types of domains where data are collected: home life, work, and public spaces. After exchanging cards, the players generate ideas for data uses, then assess and invest in some of those concepts. The game has been played in-person in 18 different countries, with people from another 74 countries playing it online; over 2,000 individual player-rounds were included in the study.




The point behind the game is to examine the valuations that members of the public themselves generate about data privacy. Some research on the subject involves surveys with pre-set options that respondents choose from. But in Data Slots, the players themselves generate valuations for a wide range of data-use scenarios, allowing the researchers to estimate the relative weight people place on privacy in different situations.

The idea is "to let people themselves come up with their own ideas and assess the benefits and privacy concerns of their peers' ideas, in a participatory way," Ratti explains.

The game strongly suggests that people's ideas about data privacy are malleable, although the results do indicate some tendencies. The data privacy card whose use players most highly valued was for personal mobility; given the opportunity in the game to keep it or exchange it, players retained it in their hands 43 percent of the time, an indicator of its value. That was followed in order by personal health data, and utility use. (With apologies to pet owners, the type of data privacy card players held on to the least, about 10 percent of the time, involved animal health.)

However, the game distinctly suggests that the value of privacy is highly contingent on specific use-cases. The game shows that people care about health data to a substantial extent but also value the use of environmental data in the workplace, for instance. And the players of Data Slots also seem less concerned about data privacy when use of data is combined with clear benefits. In combination, that suggests a deal to be cut: Using health data can help people understand the effects of the workplace on wellness.

"Even in terms of health data in work spaces, if they are used in an aggregated way to improve the workspace, for some people it's worth combining personal health data with environmental data," Mora says.

Mazzarello adds: "Now perhaps the company can make some interventions to improve overall health. It might be invasive, but you might get some benefits back."

In the bigger picture, the researchers suggest, taking a more flexible, user-driven approach to understanding what people think about data privacy can help inform better data policy. Cities -- the core focus on the Senseable City Lab -- often face such scenarios. City governments can collect a lot of aggregate traffic data, for instance, but public input can help determine how anonymized such data should be. Understanding public opinion along with the benefits of data use can produce viable policies for local officials to pursue.

"The bottom line is that if cities disclose what they plan to do with data, and if they involve resident stakeholders to come up with their own ideas about what they could do, that would be beneficial to us," Duarte says. "And in those scenarios, people's privacy concerns start to decrease a lot."
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Duchenne muscular dystrophy gene therapy | ScienceDaily
To help neurologists, clinicians and families understand the current evidence for a new gene therapy for Duchenne muscular dystrophy called delandistrogene moxeparvovec, the American Academy of Neurology (AAN) has issued an Evidence in Focus article, published May 14, 2025, online in Neurology(r).


						
AAN Evidence in Focus articles highlight the strength of the current evidence for new therapies for neurological conditions. Their purpose is not to provide recommendations for practice, but rather to provide an overview of the available data and a framework to support care. This article reviews evidence available for the efficacy and safety of delandistrogene moxeparvovec.

Duchenne muscular dystrophy, which primarily affects those of male sex, is an inherited genetic condition that causes muscle weakness. Symptoms usually appear between the ages of two and four and become more severe over time. People with this disease are missing a protein called dystrophin that helps maintain muscle health.

Delandistrogene moxeparvovec is a one-time gene therapy infusion approved by the Food and Drug Administration in June 2024 for use in those age four and older. The therapy uses a disabled virus to inject a miniaturized version of the gene that makes a small form of dystrophin into the muscle cells.

"While the prognosis for individuals with Duchenne muscular dystrophy has improved in recent decades thanks to corticosteroids and supportive care, significant functional limitations persist for those affected by the condition," said author Maryam Oskoui, MD, of McGill University in Quebec, Canada, and a Fellow of the American Academy of Neurology. "Recent advances in genetic therapies for this disease have brought hope to many, with several gene replacement therapies currently being evaluated in clinical trials, and one -- delandistrogene moxeparvovec -- already approved by the FDA. This Evidence in Focus article offers a timely and objective overview of the existing data and explores key clinical considerations surrounding the use of delandistrogene moxeparvovec. However, it is important to acknowledge that evidence supporting its potential effectiveness and safety remains limited."

The Evidence in Focus article states that both Class I studies of delandistrogene moxeparvovec failed to meet their primary outcome measures related to motor function, a person's ability to control movements.

Research showed the therapy may possibly slow the decline of other measures of motor function by a small amount. However, the article states it is difficult to know how much of this benefit is due to the gene therapy and how much may additionally be influenced by the high dose steroid medications that are taken with the therapy.




The article highlights that neurologists and other clinicians treating people with Duchenne muscular dystrophy should be aware of the limitations of this treatment and the need to monitor and counsel patients for side effects including muscle inflammation and related muscle pain and weakness, heart inflammation, low blood platelet count, liver injury and possible death.

Based on the current research, it has yet to be determined whether the therapy will extend a person's life or improve their quality of life. The therapy does not cure Duchenne muscular dystrophy.

Those considering this gene therapy should ask their doctor if insurance will pay for the treatment. The one-time infusion costs $3.2 million, not including other costs related to the infusion in the hospital and the close follow-up required.

"Additional clinical studies that closely follow people receiving this treatment are essential to determine the short- and long-term effectiveness of delandistrogene moxeparvovec and to inform the understanding of the benefits and risks of this therapy across a person's lifetime," said author James J. Dowling, MD, PhD, of the University of Pennsylvania in Philadelphia, and a member of the American Academy of Neurology.

The article was developed with financial support from the American Academy of Neurology.
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The key to spotting dyslexia early could be AI-powered handwriting analysis | ScienceDaily
A new University at Buffalo-led study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.


						
The work, presented in the journal SN Computer Science, aims to augment current screening tools which are effective but can be costly, time-consuming and focus on only one condition at a time.

It could eventually be a salve for the nationwide shortage of speech-language pathologists and occupational therapists, who each play a key role in diagnosing dyslexia and dysgraphia.

"Catching these neurodevelopmental disorders early is critically important to ensuring that children receive the help they need before it negatively impacts their learning and socio-emotional development. Our ultimate goal is to streamline and improve early screening for dyslexia and dysgraphia, and make these tools more widely available, especially in underserved areas," says the study's corresponding author Venu Govindaraju, PhD, SUNY Distinguished Professor in the Department of Computer Science and Engineering at UB.

The work is part of the National AI Institute for Exceptional Education, which is a UB-led research organization that develops AI systems that identify and assist young children with speech and language processing disorders.

Builds upon previous handwriting recognition work

Decades ago, Govindaraju and colleagues did groundbreaking work employing machine learning, natural language processing and other forms of AI to analyze handwriting, an advancement the U.S. Postal Service and other organizations still use to automate the sorting of mail.




The new study proposes similar a framework and methodologies to identify spelling issues, poor letter formation, writing organization problems and other indicators of dyslexia and dysgraphia.

It aims to build upon prior research, which has focused more on using AI to detect dysgraphia (the less common of the two conditions) because it causes physical differences that are easily observable in a child's handwriting. Dyslexia is more difficult to spot this way because it focuses more on reading and speech, though certain behaviors like spelling offers clues.

The study also notes there is a shortage of handwriting examples from children to train AI models with.

Collecting samples from K-5 students

To address these challenges, a team of UB computer scientists led by Govindaraju gathered insight from teachers, speech-language pathologists and occupational therapists to help ensure the AI models they're developing are viable in the classroom and other settings.

"It is critically important to examine these issues, and build AI-enhanced tools, from the end users' standpoint," says study co-author Sahana Rangasrinivasan, a PhD student in UB's Department of Computer Science and Engineering.




The team also partnered with study co-author Abbie Olszewski, PhD, associate professor in literacy studies at the University of Nevada, Reno, who co-developed the Dysgraphia and Dyslexia Behavioral Indicator Checklist (DDBIC) to identify symptoms overlapping between dyslexia and dysgraphia.

The team collected paper and tablet writing samples from kindergarten through 5th grade students at an elementary school in Reno. This part of the study was approved by an ethics board, and the data was anonymized to protect student privacy.

They will use this data to further validate the DDBIC tool, which focuses on 17 behavioral cues that occur before, during and after writing; train AI models to complete the DDBIC screening process; and compare how effective the models are compared to people administering the test.

Work emphasizes AI for public good

The study describes how the team's models can be used to:
    	Detect motor difficulties by analyzing writing speed, pressure and pen movements.
    	Examine visual aspects of handwriting, including letter size and spacing.
    	Convert handwriting to text, spotting misspellings, letter reversals and other errors.
    	Identify deeper cognitive issues based on grammar, vocabulary and other factors.

Finally, it discusses a tool that combines all these models, summarizes their findings, and provides a comprehensive assessment.

"This work, which is ongoing, shows how AI can be used for the public good, providing tools and services to people who need it most," says study co-author Sumi Suresh, PhD, a visiting scholar at UB.

Additional co-authors include Bharat Jayarman, PhD, director of the Amrita Institute of Advanced Research and professor emeritus in the UB Department of Computer Science and Engineering; and Srirangaraj Setlur, principal research scientist at the UB Center for Unified Biometrics and Sensors.
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'Sweet spot' for focused ultrasound to provide essential tremor relief | ScienceDaily
For millions of people around the world with essential tremor, everyday activities from eating and drinking to dressing and doing basic tasks can become impossible. This common neurological movement disorder causes uncontrollable shaking, most often in the hands, but it can also occur in the arms, legs, head, voice, or torso. Essential tremor impacts an estimated 1 percent of the worldwide population and around 5 percent of people over 60. Investigators from Mass General Brigham identified a specific subregion of the brain's thalamus that, when included during magnetic resonance-guided focused ultrasound (MRgFUS) treatment, can result in optimal and significant tremor improvements while reducing side effects. Their results are published in Science Advances.


						
"This one-time, noninvasive treatment can have immediate, long-lasting and lifechanging effects for patients and was pioneered here at Brigham and Women's Hospital 30 years ago," said co-senior author G. Rees Cosgrove, MD, FRCSC, director of functional neurosurgery at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "The results of this study will help make the procedure even more safe and effective than it already is and will help other centers around the world improve their outcomes."

MRgFUS treatment of essential tremor creates a small, permanent lesion in a specific nucleus in the thalamus that is thought to be part of the brain circuit mediating the disorder and disrupts the tremor-causing activity. The research team analyzed data from 351 thalamotomy patients that were treated across three international hospitals, the largest cohort assessed to date, to identify the optimal location for this procedure and better understand its impacts on clinical improvements and side effects.

The study identified a set of optimal sites and brain connections to target, as well as locations and connections to avoid that lead to side effects. The team then tested whether this 'sweet spot' could be used as a model to predict the outcomes in a cohort of patients treated with the same procedure at another center, which proved true. The more the 'sweet spot' was lesioned, the better the outcome was in all patients' one-year, post-procedure comparison data. According to the researchers, when thalamotomy patients have good tremor control at one year, it is typically sustained over multiple years.

"Seeing how this procedure can make such a huge impact on patients' lives is what motivated me to pursue this research," said lead author Melissa Chua, MD, a senior resident in the Brigham's Department of Neurosurgery. "It is very exciting to have such robust validation and to be moving toward this treatment becoming even more precise and personalized in the future."

Next, the team plans to further analyze patient data to present a more detailed picture of the evolution of this technology and how patient outcomes have improved, to fully understand the parameters that go into achieving long-term tremor control and minimized side effects.

"It is incredible when you can provide a patient with relief from these tremors," Cosgrove said. "It is like a gift when patients who have not been able to sing, speak in public, write, or even drink from a cup for years can once again do so -- we see it in case after case."
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Combining laboratory techniques yields wealth of information about deadly brain tumors | ScienceDaily
Clinicians from the Johns Hopkins Kimmel Cancer Center and four other institutions have demonstrated that doctors can gain a wealth of knowledge about a patient's cancer by using multiple laboratory techniques to study tumor tissue taken from needle biopsies of glioblastoma, a highly aggressive form of brain cancer.


						
The work, funded by Break Through Cancer and published in the April 28 issue of Nature Communications, has implications for additional cancer types.

Physicians currently limit collection of small tumor samples of glioblastoma because the procedure, stereotactic needle biopsy, requires surgery with a patient sedated with anesthesia. Tumor samples are typically taken at the beginning and sometimes at the end of treatment.

But in a new study, researchers injected into the tumor a virus aimed at killing glioblastoma cells. During the same procedures, surgeons took tumor tissue samples and ran them through multiple types of advanced laboratory techniques, including single-cell RNA sequencing, transcriptomics, metabolomics, proteomics and immune profiling to demonstrate that even small tissue samples can yield additional insights into a tumor's biology, immune interactions and molecular pathways. The study found that tissue also could be grafted onto a mouse model for additional analysis.

"One of the major frontiers in oncology is to find better treatments for these tumors, which have limited treatment options. We need a much deeper understanding of why certain treatments work and others don't work," explains study co-author Matthias Holdhoff, M.D., Ph.D., co-director of the Brain Cancer Disease Group at the Kimmel Cancer Center and an associate professor of oncology at the Johns Hopkins University School of Medicine. During the study, investigators wanted to maximize what they could learn from tissue samples.

"This is a concept that expands beyond just brain cancers," adds study co-author Chetan Bettegowda, M.D., Ph.D., director of the Metastatic Brain Tumor Center and medical director of the Ludwig Center for Cancer Genetics and Therapeutics at the cancer center. He also is the incoming director of the Department of Neurosurgery, the Harvey Cushing Professor of Neurosurgery, and a professor of oncology at the Johns Hopkins University School of Medicine. "Whenever people do needle biopsies, it has been just sufficient to study if the tissue is cancerous, what type and maybe some very simple molecular characterization. This brings tissue analysis to the modern age. ... Historically [oncologists] haven't done repeat biopsies because we felt, 'Oh, what are we going to get that we don't already know from the original diagnosis?' It turns out there's quite a bit to be learned."

Other participating centers in the study were Memorial Sloan Kettering Cancer Center in New York City; Dana-Farber Cancer Institute in Boston; MD Anderson Cancer Center in Houston; and the Koch Institute for Integrative Cancer Research at MIT in Cambridge, Massachusetts.
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New generation of skin substitutes give hope to severe burns patients | ScienceDaily
Severe burns remain one of the most challenging injuries to treat, causing high disease and death rates worldwide, but Australian researchers have flagged some promising new approaches that could save lives and dramatically improve patient recovery.


						
In a comprehensive review published in Advanced Therapeutics, researchers from the University of South Australia (UniSA), University of Adelaide and Royal Adelaide Hospital (RAH) explore the latest advancements in dermal substitutes -- biochemicals used to replace damaged skin -- with a particular focus on combating infection and enhancing tissue regeneration following catastrophic burns.

The researchers say that despite decades of progress, traditional treatments such as skin grafting often fail to provide adequate healing and infection control, leading to prolonged hospital stays and soaring healthcare costs.

According to the lead authors Dr Zlatko Kopecki and Dr Bronwyn Dearman, the urgency to develop safer, more effective solutions has never been greater.

"Infections are a major cause of complications and mortality in burn patients," says Dr Kopecki, a Research Fellow at UniSA's Future Industries Institute.

"We must innovate beyond conventional methods and develop therapies that regenerate tissue while actively preventing infections."

Each year, approximately 2423 Australians are admitted to hospital with burn-related injuries, 74% of whom require surgery, including a skin graft. Globally, 180,000 people die from burns each year, and approximately 10 million are hospitalised, costing healthcare systems $112 billion worldwide.




The review highlights that while many commercial skin substitutes exist, very few offer integrated antimicrobial protection -- a critical factor given the vulnerability of burn wounds to bacterial invasion and sepsis.

The paper discusses emerging technologies such as Kerecis, a novel fish skin graft with inherent antimicrobial properties, and NovoSorb BTM, a synthetic biodegradable matrix that resists bacterial colonisation without relying on antibiotics.

Both products represent a new generation of dermal substitutes with enhanced potential to protect and heal complex burns.

Kerecis comes from wild Atlantic cod, caught from a sustainable fish stock in pristine Icelandic waters and processed using renewable energy. It stands out for retaining natural omega-3 fatty acids, which have strong antimicrobial effects and promote wound healing.

Meanwhile, NovoSorb BTM's unique polyurethane matrix offers structural resilience even in infected wounds, providing a vital scaffold for tissue regeneration.

"These materials demonstrate a shift towards multifunctional therapies that combine structural support with infection resistance," says Dr Dearman, Principal Medical Scientist for the Skin Engineering Laboratory at the RAH and an Adjunct Lecturer at the University of Adelaide.




"Such innovations are crucial, particularly as antibiotic-resistant infections continue to rise globally," she says.

The review calls for the next wave of research to integrate active antimicrobial agents directly into 3D dermal scaffolds that support cell growth, reducing the reliance on antibiotics and temporary dressings.

Beyond infection control, the research points to scarless healing as the future frontier of burn care.

By combining smart biomaterials with cell-based therapies, scientists aim to regenerate skin that restores its full function -- an outcome that could revolutionise the recovery for millions of burn survivors worldwide.

The research team includes experts from the Future Industries Institute at UniSA, the Adult Burn Service at the Royal Adelaide Hospital, and the Faculty of Health and Medical Sciences at the University of Adelaide.
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Adult-onset type 1 diabetes increases risk of cardiovascular disease and death | ScienceDaily

Type 1 diabetes used to be called childhood diabetes but can start at any time during life. However, research on adult-onset type 1 diabetes is limited. The researchers behind the current study wanted to investigate the risk of cardiovascular disease and death in this group, particularly for those diagnosed after the age of 40.

The registry-based study identified 10 184 people diagnosed with type 1 diabetes in adulthood between 2001 and 2020 and compared them to 509 172 matched people in the control group.

The study shows that these people with adult-onset type 1 diabetes had a higher risk of cardiovascular disease and death from all causes, including cancer and infections, compared to the control group.

"The main reasons for the poor prognosis are smoking, overweight/obesity and poor glucose control. We found that they were less likely to use assistive devices, such as insulin pumps," says first author Yuxia Wei, postdoctoral fellow at the Institute of Environmental Medicine, Karolinska Institutet.

The results emphasise the seriousness of type 1 diabetes, even when it starts later in life, the researchers say.

"But we show that the prognosis can be significantly improved by preventing smoking and obesity and improving glucose control, not least in people diagnosed at older ages," explains senior author Sofia Carlsson, senior lecturer and associate professor at the same department.

The researchers plan to continue investigating adult-onset type 1 diabetes, including risk factors for developing the disease and the prognosis of other outcomes, such as microvascular complications. Optimal treatment in adult-onset type 1 diabetes, including the effect of pump use and other advanced technologies, also needs to be explored.

"We hope to shed light on these issues in the coming years," concludes Sofia Carlsson.

The study was funded by the Swedish Research Council and the Swedish Diabetes Foundation, among others. The researchers report no conflicts of interest.
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The risk of death or complications from broken heart syndrome was high from 2016 to 2020 | ScienceDaily
Takotsubo cardiomyopathy, also known as broken heart syndrome, is associated with a high rate of death and complications, and those rates were unchanged between 2016 and 2020, according to new research published today in the Journal of the American Heart Association, an open-access, peer-reviewed journal of the American Heart Association.


						
Takotsubo cardiomyopathy is a stress-related heart condition in which part of the heart temporarily enlarges and doesn't pump well. It is thought to be a reaction to a surge of stress hormones that can be caused by an emotionally or physically stressful event, such as the death of a loved one or a divorce. It can lead to severe, short-term failure of the heart muscle and can be fatal. Takotsubo cardiomyopathy may be misdiagnosed as a heart attack because the symptoms and test results are similar.

This study is one of the largest to assess in-hospital death rates and complications of the condition, as well as differences by sex, age and race over five years.

"We were surprised to find that the death rate from Takotsubo cardiomyopathy was relatively high without significant changes over the five-year study, and the rate of in-hospital complications also was elevated," said study author M. Reza Movahed, M.D., Ph.D., an interventional cardiologist and clinical professor of medicine at the University of Arizona's Sarver Heart Center in Tucson, Arizona. "The continued high death rate is alarming, suggesting that more research be done for better treatment and finding new therapeutic approaches to this condition."

Researchers reviewed health records in the Nationwide Inpatient Sample database to identify people diagnosed with Takotsubo cardiomyopathy from 2016 to 2020.

The analysis found:
    	The death rate was considered high at 6.5%, with no improvement over period.
    	Deaths were more than double in men at 11.2% compared to the rate of 5.5% among women.
    	Major complications included congestive heart failure (35.9%), atrial fibrillation (20.7%), cardiogenic shock (6.6%), stroke (5.3%) and cardiac arrest (3.4%).
    	People older than age 61 had the highest incidence rates of Takotsubo cardiomyopathy. However, there was a 2.6 to 3.25 times higher incidence of this condition among adults ages 46-60 compared to those ages 31-45 during the study period.
    	White adults had the highest rate of Takotsubo cardiomyopathy (0.16%), followed by Native American adults (0.13%) and Black adults (0.07%).
    	In addition, socioeconomic factors, including median household income, hospital size and health insurance status, varied significantly.

"Takotsubo cardiomyopathy is a serious condition with a substantial risk of death and severe complications," Movahed said. "The health care team needs to carefully review coronary angiograms that show no significant coronary disease with classic appearance of left ventricular motion, suggesting any subtypes of stress-induced cardiomyopathy. These patients should be monitored for serious complications and treated promptly. Some complications, such as embolic stroke, may be preventable with an early initiation of anti-clotting medications in patients with a substantially weakened heart muscle or with an irregular heart rhythm called atrial fibrillation that increases the risk of stroke."

He also noted that age-related findings could serve as a useful diagnostic tool in discriminating between heart attack/chest pain and Takotsubo cardiomyopathy, which may prompt earlier diagnosis of the condition and could also remove assumptions that Takotsubo cardiomyopathy only occurs in the elderly.




Among the study's limitations is that it relied on data from hospital codes, which could have errors or overcount patients hospitalized more than once or transferred to another hospital. In addition, there was no information on outpatient data, different types of Takotsubo cardiomyopathy or other conditions that may have contributed to patients' deaths.

Movahed said further research is needed about the management of patients with Takotsubo cardiomyopathy and the reason behind differences in death rates between men and women.

Study details, background and design:
    	The analysis included 199,890 U.S. adults from across the nation (average age 67; 83% of cases were among women). White adults comprised 80% of the Takotsubo cardiomyopathy patients, while 8% were Black adults, 6% were Hispanic adults, 2% were Asian/Pacific Islander adults, 0.64% were Native American adults and 2.2% were reported as Other.
    	The Nationwide Inpatient Sample database is the largest publicly available source detailing publicly and privately paid hospital care in the U.S. It produces estimates of inpatient utilization, access, cost, quality and outcomes for about 35 million hospitalizations nationally annually.
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Got data? Breastfeeding device measures babies' milk intake in real time | ScienceDaily
While breastfeeding has many benefits for a mother and her baby, it has one major drawback: It's incredibly difficult to know how much milk the baby is consuming.


						
To take the guesswork out of breastfeeding, an interdisciplinary team of engineers, neonatologists and pediatricians at Northwestern University has developed a new wearable device that can provide clinical-grade, continuous monitoring of breast milk consumption.

The unobtrusive device softly and comfortably wraps around the breast of a nursing mother during breastfeeding and wirelessly transmits data to a smartphone or tablet. The mother can then view a live graphical display of how much milk her baby has consumed in real time.

By eliminating uncertainty, the device can provide peace of mind for parents during their baby's first days and weeks. In particular, the new technology could help reduce parental anxiety and improve clinical management of nutrition for vulnerable babies in the neonatal intensive care unit (NICU).

The study will be published on Wednesday (May 14) in the journal Nature Biomedical Engineering. To ensure its accuracy and practicality, the device endured several stages of rigorous assessments, including theoretical modeling, benchtop experiments and testing on a cohort of new mothers in the hospital.

"Knowing exactly how much milk an infant is receiving during breastfeeding has long been a challenge for both parents and healthcare providers," said Northwestern's John A. Rogers, who led the device development. "This technology eliminates that uncertainty, offering a convenient and reliable way to monitor milk intake in real time, whether in the hospital or at home."

"Uncertainty around whether an infant is getting sufficient nutrition can cause stress for families, especially for breastfeeding mothers with preterm infants in the NICU," said Dr. Daniel Robinson, a Northwestern Medicine neonatologist and co-corresponding author of the study. "Currently, only cumbersome ways exist for measuring how much milk a baby has consumed during breastfeeding, such as weighing the baby before and after they have fed. We expect this sensor to be a big advance in lactation support, reducing stress for families and increasing certainty for clinicians as infants make progress with breastfeeding but still need nutritional support. Reducing uncertainty and helping families achieve their breastfeeding goals will lead to healthier children, healthier mothers and healthier communities."

A bioelectronics pioneer, Rogers is the Louis Simpson and Kimberly Querrey Professor of Materials Science and Engineering, Biomedical Engineering and Neurological Surgery at Northwestern -- where he has appointments in the McCormick School of Engineering and Feinberg School of Medicine -- and the director of the Querrey Simpson Institute for Bioelectronics (QSIB). Robinson is an associate professor of pediatrics at Feinberg and an attending physician in the division of neonatology at Ann & Robert H. Lurie Children's Hospital of Chicago. Rogers and Robinson co-led the study with Dr. Craig Garfield, a professor of pediatrics at Feinberg and attending physician at Lurie Children's, and Dr. Jennifer Wicks, a pediatrician at Lurie Children's.




Three postdoctoral researchers at QSIB contributed equally to the project, each of whom is now a faculty member in Korea: Jiyhe Kim, an assistant professor at Ajou University, led the device design and supported clinical trials; Seyong Oh, an assistant professor at Hanyang University, engineered the wireless electronics; and Jae-Young Yoo, an assistant professor at Sungkyunkwan University, developed methods for data analytics. Kim and Oh are co-first authors with Raudel Avila, an assistant professor of mechanical engineering at Rice University and Northwestern Ph.D. graduate, who led the computational modeling.

Addressing an unmet need

The project started four years ago, when neonatologists and pediatricians at Lurie Children's approached Rogers' team with a critical unmet need. Because the transfer of milk from mother to baby during breastfeeding is not visible and the flow of milk varies, it's nearly impossible to know the precise volume of milk a baby consumes in one sitting.

"Currently, there are no reliable ways to know how much babies are eating when they are breastfeeding," said Wicks, who is a mother of three. "Some pediatricians and lactation consultants will use scales to weigh a baby before and after feeding, and that measurement gives a decent estimate of the amount of milk the baby drank. But unfortunately, baby scales are not small, and most people do not own baby scales. So, while that can provide an estimate, it's not convenient."

As another option, mothers can pump breastmilk into a bottle. While bottle-feeding offers precise volume measurements and visual reassurance that the baby is consuming milk, it removes the benefits of skin-to-skin contact. And the extra steps of pumping, storing and handling milk are time-consuming and can even increase the risk of bacterial contamination.

"There are several advantages to breastfeeding at the breast compared to feeding breast milk with a bottle," Wicks said. "First and foremost, that skin-to-skin bond is beneficial for both babies and moms. Additionally, milk production is oftentimes stimulated better by actual breastfeeding."

Although other academic researchers and small startup companies have explored technologies to monitor aspects of breast milk and feeding, peer-reviewed studies are scarce.




"Based on our reviews of the scientific literature and our discussions with pediatricians and neonatologists, there are no clinically validated technologies that address this important medical need," Rogers said. "Our work fills that gap."

Pinpointing the right strategy

Rogers' team previously developed soft, flexible wireless body sensors for monitoring babies in the NICU as well as wearable sensors for tracking the drainage of fluid flow through shunts, which are commonly used to treat patients with hydrocephalus. With experience working with vulnerable populations and developing devices capable of measuring fluid flow, Rogers and his team were ideal candidates for the project.

"Our clinical colleagues asked us whether we could develop a sensor that would allow new mothers to determine how much milk their babies are consuming during a nursing session," Rogers said. "At first, we weren't sure how to approach the problem. The strategies we used to track flow through shunts as they pass through locations superficially below the skin don't work because milk ducts lie too far beneath the skin's surface."

After years of failed attempts based on methods to monitor the optical properties of the breast, to quantify suckling motions, to track swallowing events and several others, the engineers finally settled on a remarkably simple technique. The device sends a tiny, safe electrical current through the breast using two small pads, or electrodes, placed on the skin. Another pair of electrodes captures the voltage difference associated with that current.

As the baby drinks milk, the amount of milk in the breast decreases. This reduction leads to a change in the electrical properties of the breast in a subtle but measurable manner. These changes directly relate to the amount of milk removed from the breast. The larger the amount, the bigger the change in electrical properties. Though subtle, that change can be accurately calibrated and quantified for real-time display on a smartphone during breastfeeding.

"This is a concept called bioimpedance, and it's commonly used to measure body fat," Rogers said. "Because muscle, fat, bone and tissues conduct electricity differently, bioimpedance can yield an accurate measurement of fat content. In a conceptually similar way, we can quantify the change in milk volume within the breast. This was the last strategy we tried, unfortunately. But fortunately, we found that we were able to make it work really well."

Rigorous testing

After designing initial prototypes, the engineering team optimized it through several stages of testing and modeling. First, they built simplified models of a breast using materials that mimic the electrical properties of skin, fat and milk. By precisely controlling the amount of "milk" in these models, the researchers could see how the device's data changed as the volume of "milk" changed.

Led by Avila at Rice, the team then created detailed computer models of the breast, based on real anatomy. Their physics-based computer simulations monitored the physiological changes that occur during breastfeeding. Using bioimpedance, Avila linked the flow of electrical signals to the amount of milk leaving the breast in real time. His team's anatomically correct computer models incorporate patient-specific breast shapes and tissue distributions, enabling them to test how sensor placement and tissue variation affect readings.

"Our simulation results matched the trends of experiments and human clinical studies," Avila said. "Connecting our models to impact in the real world is always a highlight, and it's only possible through the collaboration among experimental, modeling and clinical teams."

Personalized for all shapes and sizes

The resulting device is a thin, soft, pliable cord that lightly wraps around the outer circumference of the breast. Electrodes, which gently adhere to the skin, are integrated into each end of the cord. A small, lightweight "base station," which also softly mounts onto the skin, sits in the middle of the cord between the electrodes. Enclosed in a soft, silicone case, the base station holds a small rechargeable battery, Bluetooth technology for wireless data transfer and a memory chip.

Because every mother has differences in breast density, shape and size, the device can be personalized through a single calibration. To calibrate the system, the mother wears the device while using a breast pump connected to a bottle with volume markings. This enables the user to know the precise volume of milk being expressed over a specific period of time. Meanwhile, the device records the breast's electrical properties throughout the pumping process. This calibration scheme teaches the device how to interpret the changes in electrical signals for each specific mother.

After developing prototypes, the team tested the device on 12 breastfeeding mothers -- both in the NICU and at home. To assess whether the device was consistent and reliable over time, the researchers took multiple measurements from the same mothers, spans of time as long as 17 weeks.

In this first stage of testing, mothers wore the sensor while they pumped as this important step required knowing precisely the amount of milk mothers expressed. In one testing session, the researchers compared the device's data to the difference in the baby's weight before and after breastfeeding. Overall, with the testing during pumping, the results between amounts in the bottle and amounts detected by the sensor were strikingly similar.

Improving care in the NICU

While the device would provide reassurance and useful information to all parents, Robinson and Wicks say NICU babies would benefit the most from careful monitoring. Knowing exactly how much a baby in the NICU is eating is even more critical than for healthy, full-term infants.

These babies often have precise nutritional needs. Premature babies, for example, may have underdeveloped digestive systems, making them more vulnerable to feeding intolerance. Precise feeding volumes can help minimize the risks of developing intestinal disorders and reflux.

"Some babies are limited to a certain number of feeds at a time," Wicks said. "For babies who are born prematurely or who are recovering from a surgery, they can only eat small amounts of milk very slowly. Oftentimes, we cannot allow them to breastfeed because there's no way for us to know how much milk they are getting from mom. Having a sensor to monitor this would enable these babies to breastfeed more successfully with their mom."

Future directions

To become even more user-friendly, the researchers envision the technology eventually could be integrated into comfortable undergarments like breastfeeding bras. This would further enhance the device's ease of use and overall experience for mothers.

The researchers still plan to complete comprehensive comparisons to the pre- and post-feed weighing. The team also aims to ensure the sensor is usable for mothers with a wide range of skin tones. While the current version of the device detects the amount of milk flowing out of the breast, future iterations could measure milk refilling into the breast. Then mothers could track changes in milk production over time. The team also plans to continue optimizing the device so it can glean even more insights, such as milk quality and fat content.

"Breastfeeding can be extremely emotional for mothers, in part due to the uncertainty surrounding how much milk their babies are getting," Wicks said. "It can come with a lot of sadness because mothers feel anxious and like they aren't doing a good job. Oftentimes, mothers experience anxiety, frustration or symptoms of depression and give up on breastfeeding altogether.

"There are many factors that make breastfeeding difficult. Being able to remove one piece of uncertainty and being able to help reassure them that they are producing enough milk will really help decrease some of that stress and anxiety. For all moms around the world -- who are in all different stages of their breastfeeding journeys -- this device will be incredibly helpful. We're looking forward to bringing it to more people."
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Study sheds light on how autistic people communicate | ScienceDaily
There is no significant difference in the effectiveness of how autistic and non-autistic people communicate, according to a new study, challenging the stereotype that autistic people struggle to connect with others.


						
The findings suggest that social difficulties often faced by autistic people are more about differences in how autistic and non-autistic people communicate, rather than a lack of social ability in autistic individuals, experts say.

Researchers hope the results of the study will help reduce the stigma surrounding autism, and lead to more effective communication support for autistic people.

Autism is a lifelong neurodivergence, and influences how people experience and interact with the world.

Autistic people often communicate more directly and may struggle with reading social cues and body language, leading to differences in how they engage in conversation compared to non-autistic people.

The study, led by experts from the University of Edinburgh, tested how effectively information was passed between 311 autistic and non-autistic people.

Participants were tested in groups where everyone was autistic, everyone was non-autistic, or a combination of both.




The first person in the group heard a story from the researcher, then passed it along to the next person. Each person had to remember and repeat the story, and the last person in the chain recalled the story aloud.

The amount of information passed on at each point in the chain was scored to discern how effective participants were at sharing the story. Researchers found there were no differences between autistic, non-autistic, and mixed groups.

After the task, participants rated how much they enjoyed the interaction with the other participants, based on how friendly, easy, or awkward the exchange was.

Researchers found that non-autistic people preferred interacting with others like themselves, and autistic people preferred learning from fellow autistic individuals. This is likely down to the different ways that autistic and non-autistic people communicate, experts say.

The findings confirm similar findings from a previous smaller study undertaken by the same researchers. They say the new evidence should lead to increased understanding of autistic communication styles as a difference, not a deficiency.

Dr Catherine Crompton, Chancellor's Fellow at the University of Edinburgh's Centre for Clinical Brain Sciences, said: "Autism has often been associated with social impairments, both colloquially and in clinical criteria. Researchers have spent a lot of time trying to 'fix' autistic communication, but this study shows that despite autistic and non-autistic people communicating differently it is just as successful. With opportunities for autistic people often limited by misconceptions and misunderstandings, this new research could lead the way to bridging the communication gap and create more inclusive spaces for all."
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New hope against superbugs: Promising antibiotic candidate discovered | ScienceDaily
An international team of researchers, led by the University of Vienna and the Helmholtz Institute for Pharmaceutical Research Saarland, has discovered saarvienin A, a new type of glycopeptide antibiotic. Their findings, now published in Angewandte Chemie International Edition, introduce a compound with strong activity against highly resistant bacterial strains.


						
Antibiotic-resistant infections are on the rise, threatening to make even common diseases deadly again. Without new antibiotics, experts warn that up to 100 million lives could be lost annually by 2050. In search for new compounds, researchers from several institutions, including the University of Vienna and the Helmholtz Institute for Pharmaceutical Research Saarland (HIPS), have turned to the study of actinobacteria -- microorganisms that are well-known for living in unusual environments and producing antibiotics such as vancomycin, rifamycin, and chelocardin. Jaime Felipe Guerrero Garzon from the Division of Pharmacognosy at the University of Vienna's Department of Pharmaceutical Sciences, discovered strong antibiotic activity in extracts from a strain of Amycolatopsis isolated from a Chinese rare earth mine, which prompted further investigation. Martin Zehl, Head of the Mass Spectrometry Center at the University of Vienna, found out that this antibiotic activity was associated with a potentially novel compound of the class glycopeptides. Using mass spectrometry and nuclear magnetic resonance (NMR) spectroscopy, the collaborating team at HIPS identified a completely new molecule: saarvienin A.

Breaking the rules: A glycopeptide with a twist 

Saarvienin A's special feature became clear early on: unlike established glycopeptides such as vancomycin, the new compound does not bind the typical bacterial target involved in cell wall synthesis. Instead, it probably acts through a different, as yet unresolved mechanism. Structural analysis revealed a distinctive architecture: a halogenated peptide core cyclized through an unusual ureido linkage, decorated with a chain of five sugar and aminosugar units -- two of which are completely new to natural products. "We were excited to find that saarvienin A doesn't fit into any known category," said Jaime Felipe Guerrero. "Its unique structure could pave the way for antibiotics that bacteria have never encountered before."

A strong weapon against resistant bacteria 

In close collaboration, researchers at HIPS, led by corresponding author Rolf Muller, characterized the biological activity of saarvienin A, named after Saarbrucken and Vienna. Tests of the new molecule against bacteria focused in particular on "ESKAPE pathogens" -- a notorious group of superbugs known to evade most current antibiotics. The compound showed remarkable acivity against vancomycin-resistant Enterococcus and methicillin-resistant Staphylococcus aureus (MRSA), including 3 ESKAPE pathogens and 26 clinical isolates. It consistently outperformed vancomycin, even against strains already resistant to multiple other antibiotics. "Discovering a new antibiotic is only the beginning," said corresponding author Sergey B. Zotchev from the University of Vienna. "Now we face the fascinating challenge of refining it into a drug candidate suitable for clinical use."

Next steps: Engineering for the clinic 

With the biosynthetic genes for saarvienin A already identified and cloned, the international team plans to use medicinal chemistry and biosynthetic engineering to optimize the molecule. A key goal is to reduce cytotoxicity while maintaining antibacterial activity. Although challenges remain, the discovery of saarvienin A provides much-needed momentum in the fight against antibiotic resistance -- and highlights the potential of unexplored natural sources.
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Sugar-coated nanotherapy dramatically improves neuron survival in Alzheimer's model | ScienceDaily
Scientists at Northwestern University have developed a new approach that directly combats the progression of neurodegenerative diseases like Alzheimer's disease and amyotrophic lateral sclerosis (ALS).


						
In these devastating illnesses, proteins misfold and clump together around brain cells, which ultimately leads to cell death. The innovative new treatment effectively traps the proteins before they can aggregate into the toxic structures capable of penetrating neurons. The trapped proteins then harmlessly degrade in the body.

The "clean-up" strategy significantly boosted the survival of lab-grown human neurons under stress from disease-causing proteins.

Designated as an ACS Editor's Choice article, the study will be published on May 14 in the Journal of the American Chemical Society.

"Our study highlights the exciting potential of molecularly engineered nanomaterials to address the root causes of neurodegenerative diseases," said Northwestern's Samuel I. Stupp, the study's senior author. "In many of these diseases, proteins lose their functional folded structure and aggregate to make destructive fibers that enter neurons and are highly toxic to them.

"By trapping the misfolded proteins, our treatment inhibits the formation of those fibers at an early stage. Early stage, short amyloid fibers, which penetrate neurons, are believed to be the most toxic structures. With further work, we think this could significantly delay progression of the disease."

A pioneer in regenerative medicine, Stupp is the Board of Trustees Professor of Materials Science and Engineering, Chemistry, Medicine and Biomedical Engineering at Northwestern, where he has appointments in the McCormick School of Engineering, Weinberg College of Arts and Sciences and Feinberg School of Medicine. He also is the founding director of the Center for Regenerative Nanomedicine (CRN). Zijun Gao, a Ph.D. candidate in Stupp's laboratory, is the paper's first author.




The Stupp group led the development and characterization of the new therapeutic materials. Co-corresponding author Zaida Alvarez -- a researcher at the Institute for Bioengineering of Catalonia (IBEC) in Spain, former postdoctoral fellow in Stupp's laboratory and current visiting scholar at CRN -- led testing of the therapies in human neurons.

A sugar-coated solution

According to the World Health Organization, as many as 50 million people worldwide might have a neurodegenerative disorder. Most of these diseases are characterized by the accumulation of misfolded proteins in the brain, leading to the progressive loss of neurons. While current treatments offer limited relief, a dire need for new therapies remains.

To tackle this challenge, the researchers turned to a class of peptide amphiphiles, pioneered by the Stupp laboratory, that contain modified chains of amino acids. Peptide amphiphiles are already used in well-known pharmaceuticals including semaglutide, or Ozempic. In fact, the Northwestern investigators developed a similar molecule in 2012 that boosted insulin production.

"The advantage of peptide-based drugs is that they degrade into nutrients," Stupp said. "The molecules in this novel therapeutic concept break down into harmless lipids, amino acids and sugars. That means there are fewer adverse side effects."

Over the years, Stupp's research group has designed many peptide-based materials for different therapeutic purposes. To develop a peptide amphiphile to treat neurodegenerative diseases, his team added an extra ingredient: a natural sugar called trehalose.




"Trehalose is naturally occurring in plants, fungi and insects," Gao said. "It protects them from changing temperatures, especially dehydration and freezing. Others have discovered trehalose can protect many biological macromolecules, including proteins. So, we wanted to see if we could use it to stabilize misfolded proteins."

Instability is key

When added to water, the peptide amphiphiles self-assembled into nanofibers coated with trehalose. Surprisingly, the trehalose destabilized the nanofibers. Although it seems counterintuitive, this decreased stability exhibited a beneficial effect.

By themselves, the nanofibers are strong and well-ordered -- and resistant to rearranging their structure. That makes it more difficult for other molecules, like misfolded proteins, to integrate into the fibers. Less stable fibers, on the other hand, became more dynamic -- and more likely to find and interact with toxic proteins.

"Unstable assemblies of molecules are very reactive," Stupp said. "They want to interact with and bond to other molecules. If the nanofibers were stable, they would happily ignore everything around them."

Searching for stability, the nanofibers bonded to amyloid-beta proteins, a key culprit implicated in Alzheimer's disease. But the nanofibers didn't just stop the amyloid-beta proteins from clumping together. The nanofibers fully incorporated the proteins into their own fibrous structures -- permanently trapping them into stable filaments.

"Then, it's no longer a peptide amphiphile fiber anymore," Stupp said. "But a new hybrid structure comprising both the peptide amphiphile and the amyloid-beta protein. That means the nasty amyloid-beta proteins, which would have formed amyloid fibers, are trapped. They can no longer penetrate the neurons and kill them. It's like a clean-up crew for misfolded proteins.

"This is a novel mechanism to tackle progression of neurodegenerative diseases, such as Alzheimer's, at an earlier stage. Current therapies rely on the production of antibodies for well-formed amyloid fibers."

Improving neuron survival

To assess the therapeutic potential of the new approach, the scientists conducted laboratory tests using human neurons derived from stem cells. The results showed the trehalose-coated nanofibers significantly improved the survival of both motor and cortical neurons when exposed to the toxic amyloid-beta protein.

Stupp says the novel approach of using unstable nanofibers to trap proteins offers a promising avenue for developing new and effective therapies for Alzheimer's, ALS and other neurodegenerative conditions. Much like cancer treatments combine multiple therapies -- like chemotherapy and surgery or hormone therapy and radiation -- Stupp said the nanotherapy might be most effective when combined with other treatments.

"Our therapy might work best when targeting diseases at an earlier stage -- before aggregated proteins enter cells," Stupp said. "But it's challenging to diagnose these diseases at early stages. So, it could be combined with therapies that target later-stage symptoms of the disease. Then, it could be a double whammy."

The study was supported by the Center for Regenerative Nanomedicine, the Chemistry of Life Processes Institute, the Spanish Ministry of Science, the National Institute on Aging of the National Institutes of Health and the European Union's NextGenerationEU.
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Postpartum depression and bonding: Long-term effects on school-age children | ScienceDaily
Researchers show a strong association between postpartum depression, early mother-to-infant bonding, and children's emotional and behavioral development.


						
Postpartum maternal mental health and mother-to-infant bonding are well-established as critical factors in a child's psychosocial development. However, few studies have explored the combined impact of postpartum maternal depression and early bonding experiences on emotional and behavioral difficulties during middle childhood. A new study reveals significant associations between postpartum depression, mother-to-infant bonding, and child difficulties. Notably, secure early bonding was found to partially buffer the long-term effects of postpartum depression on child outcomes.

The development and well-being of a child are shaped by various factors, among which maternal mental health and mother-to-infant bonding play a significant role in social and emotional development. Infants of mothers with postpartum depression often exhibit erratic temperaments and delayed cognitive development. Moreover, maternal depression can hinder the bonding process, increasing the risk of insecure attachment and subsequent developmental challenges. While the short-term effects of postpartum depression on early child development and bonding are well-documented, less is known about how maternal depression and bonding difficulties jointly influence behavioral and psychosocial outcomes in middle childhood.

To address this gap, a research team led by Associate Professor Daimei Sasayama from the Department of Psychiatry in collaboration with Professor Hideo Honda from the Department of Child and Adolescent Developmental Psychiatry, Shinshu University School of Medicine, Japan, investigated the relationship between postpartum maternal depression and mother-to-infant bonding and their combined impact on children's emotional and behavioral difficulties in sixth grade. The study hypothesized that mother-to-infant bonding can mediate the long-term impacts of maternal depression on child mental health outcomes. Their findings were published online in the journal Archives of Women's Mental Health on April 15, 2025.

The study included 245 mother-child pairs from Okaya, Japan, with children born between April 2, 2009, and April 1, 2012. The team used the Edinburgh Postnatal Depression Scale (EPDS) and the Mother-to-Infant Bonding Scale-Japanese version (MIBS-J) to evaluate maternal depressive symptoms and bonding, respectively. Additionally, they measured child difficulties using the Japanese version of the Strengths and Difficulties Questionnaire (SDQ). The EPDS and MIBS-J data were collected from mothers approximately 2 weeks to 1 month postpartum during postnatal health checkups. Whereas the self- and parent-rated SDQ data were gathered from their sixth-grade children and their caregivers. Among the caregivers who completed the parent-rated SDQs, 92.2% were mothers, 7.3% were fathers, and one person was another caregiver.

Based on the collected data, 17.1% of mothers exhibited postpartum depressive symptoms, which aligned with the national prevalence rates in Japan. These symptoms showed both direct and indirect associations with mother-to-infant bonding and child difficulties. "Interestingly, it was found that mother-to-infant bonding mediated 34.6% of the effects of postpartum maternal depression on child difficulties, which confirmed the study's hypothesis," explains Dr. Sasayama. "Apart from these factors, the child's sex was a significant predictor of psychosocial difficulties, with boys showing higher total difficulty scores than girls, particularly in conduct and hyperactivity or inattention." However, both rating sources indicated greater difficulties among children whose mothers had postpartum depressive symptoms. These findings highlight the lasting impact of early bonding experiences between mother and child and their children's future psychosocial growth. This further emphasizes the need for early interventions targeting bonding in the context of maternal postpartum depression in order to promote healthy child outcomes. "Our findings help deepen our understanding of how early attachment experiences mediate the long-term impact of maternal mental health on children's emotional and behavioral outcomes. Future research should prioritize developing interventions that enhance postpartum mother-to-infant bonding as an approach to mitigate long-term psychosocial difficulties in children," adds Dr. Sasayama.

Future studies should also explore which specific depressive symptoms most affect bonding in larger sample populations and should include genetic data, socioeconomic factors, and other underlying mechanisms in shaping these associations to design targeted interventions to support affected mothers and their families.
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Making connections: A three-dimensional visualization of musculoskeletal development | ScienceDaily
The musculoskeletal system plays an indispensable role in supporting our life, as it performs a variety of essential functions -- providing structural support, enabling movement such as walking and lifting, protecting internal organs, maintaining posture, generating heat through muscle activity, and coordinating with the nervous system. One of the many complexities of this system lies in how its components -- tendons, ligaments and cartilage -- establish precise connections during embryonic development. Traditional methods, which often rely on histological analysis of thin tissue segments, have limitations in capturing the spatial organization and dynamic integration of these tissues in a three-dimensional (3D) context. To address this challenge, a research team from Hiroshima University has developed a novel fluorescent mouse model combined with high-resolution imaging techniques. This approach allows for clear and comprehensive visualization of how musculoskeletal components are organized and connected during organogenesis, providing new insights into the complex process of locomotor system development.


						
Researchers published their results in Development on March 26, 2025.

A key feature of this study is the use of a newly developed double-reporter mouse model combined with fluorescent imaging to investigate the complex processes required to form proper connections between cartilaginous and tendinous/ligamentous tissue that connect muscles and skeletal elements during embryogenesis. The double-reporter model enables the simultaneous tracking of two distinct reporter genes. In this study, mice expressing red and green fluorescent proteins in the expression domains of Scx and Sox9, respectively, were used to visualize the desired biological event of interest. The goal of this study is to elucidate how musculoskeletal components are integrated during organogenesis.

"Traditional methods using thin tissue sections have limitations in preserving structural integrity, which makes it difficult to study the 3D organization of these tissues. Our approach overcomes these challenges by combining tissue clearing of a newly established double fluorescent reporter mouse model with high-resolution fluorescence imaging," said Chisa Shukunami, a professor at Hiroshima University's Graduate School of Biomedical and Health Sciences.

The connection between muscle and cartilaginous primordia (early embryonic structures) via tendons, or between cartilaginous primordia via ligaments, must be precisely regulated in both spatial and temporal aspects to ensure the proper formation of a healthy and functional musculoskeletal system. To visualize this process, mouse models expressing fluorescent proteins are commonly used. Fluorescent proteins act as markers by emitting fluorescent light -- causing specific cell populations to glow -- and make it possible to observe where these cells are located and how they behave inside the body. This approach allows scientists to track these cells as they change position over time and to better understand how musculoskeletal tissues are assembled during development.

This study focuses on two molecules with tissue-specific expression patterns. One is Scleraxis (Scx), a basic helix-loop-helix transcription factor expressed during tendon and ligament formation. The other is SRY-box containing gene 9 (Sox9), a transcription factor essential for cartilage development. Mouse lines with ScxTomato and Sox9EGFP were crossed to obtain ScxTomato;Sox9EGFP mice. In the newly established double-reporter mouse model, red fluorescence highlights the Scx-expressing domains, corresponding to sites of tendon and ligament formation, while green fluorescence marks areas where Sox9 is active, indicating regions of cartilage formation.

"By combining double fluorescent reporter mice with Scx-deficient mice, we demonstrated that Scx not only regulates tendon and ligament maturation, but also plays an important role in controlling muscle morphology and its attachment to cartilaginous bone primordia. These findings provide new insights into how the musculoskeletal system is established," said Shukunami.

Additionally, it was found that the Scx+/Sox9+ cells exhibit heterogeneity in the expression levels of Scx and Sox9, meaning that there is some variability in the expression of these cells within the same cell population of cells in a given tissue. Such diversity in expression may be involved not only in developmental processes but also in tendon and ligament regeneration and the onset of related disorders, providing important implications for future research in musculoskeletal disorders.

Researchers hope to combine the double-fluorescent reporter mice with various genetically modified mice to investigate how the musculoskeletal system is established during embryonic development. While much of this research focuses on developing embryos, further investigation on postnatal mice -- using tissue clearing techniques and 3D fluorescent imaging -- may shift toward observing the postnatal maturation of tendons and ligaments. These efforts to uncover how tendons, ligaments and cartilage form connections could provide extremely valuable insights for the development of new diagnostic tools and treatment strategies for age or sport-related injuries related to these tissues.
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Why are urban children more prone to allergies? | ScienceDaily
Scientists discovered that a previously uncharacterized subset of immune cells may play a critical role in the development of allergic diseases and explain differences between urban and rural populations. The finding, published in the journal Allergy, provides new insight into how the immune system is shaped in early life -- and why urban children are more prone to allergies than children from rural areas.


						
Led by researchers from the University of Rochester Medical Center (URMC) Department of Pediatrics, including MD/PhD student Catherine Pizzarello and senior author Kirsi Jarvinen-Seppo, MD, PhD, the study uncovered a unique subpopulation of T cells known as helper 2 (Th2) cells with distinct molecular characteristics.

T-cells are the foundational immune cells that fight off infections, but there is evidence that this specific subtype is recognizing certain foods as allergenic and attacking them, according to Jarvinen-Seppo.

"These pro-allergic T cells are more inflammatory than anything previously described in this context," said Jarvinen-Seppo, chief of Pediatric Allergy and Immunology at UR Medicine Golisano Children's Hospital. "They were found more frequently in urban infants who later developed allergies, suggesting they may be a predictive biomarker or even a mechanistic driver of allergic disease."

The study compared blood samples from urban infants with those from infants in a farming community, specifically the Old Order Mennonites (OOM) of New York's Finger Lakes region -- known for their low rates of allergies. Researchers found that while urban infants had higher levels of the aggressive Th2 cells, OOM infants had more regulatory T cells that help keep the immune system in balance and reduce the likelihood of allergic responses.

While additional research is needed to identify a possible cause, Jarvinen-Seppo speculates that differences in the development of the gut microbiome between the two populations, and more exposure to "healthy" bacteria in rural children, may be a factor.

"The farming environment, which is rich in microbial exposure, appears to support the development of a more tolerant immune system. Meanwhile, the urban environment may promote the emergence of immune cells that are primed for allergic inflammation," said Jarvinen-Seppo.

The work is part of a broader, NIH-funded investigation into how early-life exposures influence long-term immune outcomes. In 2023, Jarvinen-Seppo's team received a $7 million grant from the National Institute of Allergy and Infectious Diseases (NIAID) to study environmental, microbiome, and immune differences between OOM and urban infants. The goal is to continue this foundational work to uncover protective factors that could be translated into preventive therapies, including probiotics or microbiome-supporting interventions.

"If we can identify the conditions for this disparity between the different T cell subpopulations, we can potentially find solutions in allergic disease development," Jarvinen-Seppo said.
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Scientists discover new way the brain learns | ScienceDaily
Neuroscientists at the Sainsbury Wellcome Centre (SWC) at UCL have discovered that the brain uses a dual system for learning through trial and error. This is the first time a second learning system has been identified, which could help explain how habits are formed and provide a scientific basis for new strategies to address conditions related to habitual learning, such as addictions and compulsions. Published today in Nature, the study in mice could also have implications for developing therapeutics for Parkinson's.


						
"Essentially, we have found a mechanism that we think is responsible for habits. Once you have developed a preference for a certain action, then you can bypass your value-based system and just rely on your default policy of what you've done in the past. This might then allow you to free up cognitive resources to make value-based decisions about something else," explained Dr Marcus Stephenson-Jones, Group Leader at SWC and lead author of the study.

The researchers uncovered a dopamine signal in the brain that acts as a different kind of teaching signal to the one previously known. Dopamine signals in the brain were already understood to form reward prediction errors (RPE), where they signal to the animal whether an actual outcome is better or worse than expected. In this new study, the scientists discovered that, in parallel to RPE, there is an additional dopamine signal, called action prediction error (APE), which updates how often an action is performed. These two teaching signals give animals two different ways of learning to make a choice, learning to choose either the most valuable option or the most frequent option.

"Imagine going to your local sandwich shop. The first time you go, you might take your time choosing a sandwich and, depending on which you pick, you may or may not like it. But if you go back to the shop on many occasions, you no longer spend time wondering which sandwich to select and instead start picking one you like by default. We think it is the APE dopamine signal in the brain that is allowing you to store this default policy," explained Dr Stephenson-Jones.

The newly discovered learning system provides a much simpler way of storing information than having to directly compare the value of different options. This might free up the brain to multi-task. For example, once you have learned to drive, you can also hold a conversation with someone during your journey. While your default system is doing all the repetitive tasks to drive the car, your value-based system can decide what to talk about.

Previous research discovered the dopamine neurons needed for learning reside in three areas of the midbrain: the ventral tegmental area, substantia nigra pars compacta, and substantia nigra pars lateralis. While some studies showed that these neurons were involved in coding for reward, earlier research found that half of these neurons code for movement, but the reason remained a mystery.

RPE neurons project to all areas of the striatum apart from one, called the tail of the striatum. Whereas the movement-specific neurons project to all areas apart from the nucleus accumbens. This means that the nucleus accumbens exclusively signals reward, and the tail of the striatum exclusively signals movement.




By investigating the tail of the striatum, the team were able to isolate the movement neurons and discover their function. To test this, the researchers used an auditory discrimination task in mice, which was originally developed by scientists at Cold Spring Harbor Laboratory. Co first authors, Dr Francesca Greenstreet, Dr Hernando Martinez Vergara and Dr Yvonne Johansson, used a genetically encoded dopamine sensor, which showed that dopamine release in this area was not related to reward, but it was related to movement.

"When we lesioned the tail of the striatum, we found a very characteristic pattern. We observed that lesioned mice and control mice initially learn in the same way, but once they get to about 60-70% performance, i.e. when they develop a preference (for example, for a high tone go left, for a low tone, go right), then the control mice rapidly learn and develop expert performance, whereas the lesioned mice only continue to learn in a linear fashion. This is because the lesioned mice can only use RPE, whereas the control mice have two learning systems, RPE and APE, which contribute to the choice," explained Dr Stephenson Jones.

To further understand this, the team silenced the tail of striatum in expert mice and found that this had a catastrophic effect on their performance in the task. This showed that while in early learning animals form a preference using the value-based system based on RPE, in late learning they switch to exclusively use APE in the tail of striatum to store these stable associations and drive their choice. The team also used extensive computational modelling, led by Dr Claudia Clopath, to understand how the two systems, RPE and APE, learn together.

These findings hint at why it is so hard to break bad habits and why replacing an action with something else may be the best strategy. If you replace an action consistently enough, such as chewing on nicotine gum instead of smoking, the APE system may be able to take over and form a new habit on top of the other one.

"Now that we know this second learning system exists in the brain, we have a scientific basis for developing new strategies to break bad habits. Up until now, most research on addictions and compulsions has focused on the nucleus accumbens. Our research has opened up a new place to look in the brain for potential therapeutic targets," commented Dr Stephenson Jones.

This research also has potential implications for Parkinson's, which is known to be caused by the death of midbrain dopamine neurons, specifically in substantia nigra pars compacta. The type of cells that have been shown to die are movement-related dopamine neurons, which may be responsible for coding APE. This may explain why people with Parkinson's experience deficits in doing habitual behaviours such as walking, however they do not experience deficits in more flexible behaviours such as ice skating.

"Suddenly, we now have a theory for paradoxical movement in Parkinson's. The movement related neurons that die are the ones that drive habitual behaviour. And so, movement that uses the habitual system is compromised, but movement that uses your value-based flexible system is fine. This gives us a new place to look in the brain and a new way of thinking about Parkinson's," concluded Dr Stephenson-Jones.

The research team is now testing whether APE is really needed for habits. They are also exploring what exactly is being learned in each system and how the two work together. This research was funded by an EMBO Long-Term Fellowship (ALTF 827-2018), a Swedish Research Council International Postdoc Grant (2020-06365), the Sainsbury Wellcome Centre Core Grant from the Gatsby Charitable Foundation and Wellcome (219627/Z/19/Z), the Sainsbury Wellcome Centre PhD Programme, and a European Research Council grant (Starting #557533).
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A downside of taurine: It drives leukemia growth | ScienceDaily
A new scientific study identified taurine, which is made naturally in the body and consumed through some foods, as a key regulator of myeloid cancers such as leukemia, according to a paper published in the journal Nature.


						
The preclinical research shows that scientists are a step closer to finding new ways to target leukemia, which is one of the most aggressive blood cancers. The Wilmot Cancer Institute investigators at the University of Rochester were able to block the growth of leukemia in mouse models and in human leukemia cell samples by using genetic tools to prevent taurine from entering cancer cells.

Led by Jeevisha Bajaj, PhD, the research team discovered that taurine is produced by a subset of normal cells in the bone marrow microenvironment, the tissue inside bones where myeloid cancers begin and expand. Leukemia cells are unable to make taurine themselves, so they rely on a taurine transporter (encoded by the SLC6A6 gene) to grab taurine from the bone marrow environment and deliver it to the cancer cells.

The discovery occurred as scientists were mapping what happens within the bone marrow and its ecosystem -- a longtime focus among Wilmot researchers, who have advanced the science around the microenvironment with the goal of improving blood cancer treatments.

"We are very excited about these studies because they demonstrate that targeting uptake by myeloid leukemia cells may be a possible new avenue for treatment of these aggressive diseases," said Bajaj, an assistant professor in the Department of Biomedical Genetics and a member of Wilmot's Cancer Microenvironment research program.

Researchers also discovered that as leukemia cells drink up taurine, it promotes glycolysis (a breakdown of glucose to produce energy) to feed cancer growth. Prior to this, the authors said, it was not known that taurine might have a cancer-promoting role.

Leukemia has several subtypes and survival rates vary. This study finds that taurine transporter expression is essential for the growth of multiple subtypes including acute myeloid leukemia (AML), chronic myeloid leukemia (CML), and myelodysplastic syndromes (MDS), which all originate from blood stem cells in the bone marrow. Future studies will investigate signals from the microenvironment that promote the transition of MDS, a precursor to leukemia, to acute leukemia.




What is Taurine?

The non-essential amino acid is not only found naturally in the bone marrow, but also in the brain, heart, and muscles. Foods such as meats, fish, and eggs, contain taurine. It is also a key ingredient in some energy drinks and protein powders and anecdotally has been used by cancer patients.

It's a hot area of research that's still developing -- and where context matters, Bajaj said. Last year, for example, a research article in the journal Cell, showed results of a taurine investigation into gastric cancers and found that supplements could possibly benefit some patients by boosting the immune system.

Jane Liesveld, MD, a Wilmot oncologist who treats people with leukemia and co-authored the Nature paper, noted that scientists still have a lot to learn about how leukemia cells are reprogrammed and draw energy to thrive and resist treatments.

"Dr. Bajaj's work shows that local levels of taurine in bone marrow may enhance leukemia growth, suggesting caution in use of high-dose taurine supplementation," Liesveld said.

"Metabolic reprogramming is a hallmark of cancer, and we are at the very beginning of understanding metabolic effects on leukemia cells," she added. "The prior focus has been on genetic changes, but the focus is expanding to understanding how leukemia cells are able to hijack various metabolic pathways for their own survival."

In conclusion, the Wilmot team states in its Nature paper: "Since taurine is a common ingredient in energy drinks and is often provided as a supplement to mitigate the side effects of chemotherapy, our work suggests that it may be of interest to carefully consider the benefits of supplemental taurine in leukemia patients."

Future studies should investigate levels of taurine in people with leukemia, Bajaj said. But most importantly: "Our current data suggest that it would be helpful to develop stable and effective ways to block taurine from entering leukemia cells," she said.

The study involved a broad collaboration between the Bajaj laboratory, the Genomics Research Center led by John Ashton, PhD, MBA, members of the Wilmot Cancer Microenvironment program and the Genetics, Epigenetics and Metabolism (GEM) program. Data from a former Wilmot faculty member, Craig Jordan, PhD, also contributed to the report. Co-first authors on the paper, who conducted much of the work in the Bajaj lab, are: Sonali Sharma, PhD, post-doctoral associate; Benjamin Rodems, MS, senior technician; Cameron Baker, MS, senior bioinformatics analyst; and Christina Kaszuba, PhD student. Primary funders were the National Cancer Institute and the National Institute of Diabetes and Digestive and Kidney Disease, both of which are part of the National Institutes of Health. Also, the American Society of Hematology, the Leukemia Research Foundation, and Leukemia & Lymphoma Society.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250514111056.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Recognition from colleagues helps employees cope with bad work experiences | ScienceDaily
Being appreciated by colleagues can help employees cope with negative experiences at work, according to a new study involving the University of East Anglia (UEA).


						
Researchers found that employees experience 'embitterment' -- an emotional response to perceived workplace injustice -- on days when they are assigned more unreasonable tasks than usual.

This negative emotion not only affects their work but also spills over into their personal lives, leading to an increase in rumination, the repetitive dwelling on negative feelings and their causes. This can result in difficulty detaching from work, ultimately preventing recovery from job-related stress.

The findings also reveal that this harmful cycle takes place mainly on days when employees receive less appreciation from their colleagues than usual.

Published today in the journal Work & Stress, the study involved researchers from UEA, in the UK, the University of Cyprus, and Aristotle University of Thessaloniki, in Greece.

The authors say it emphasises the importance of workplace recognition in mitigating the emotional toll of perceived 'illegitimate' tasks that are considered as unnecessary and/or unreasonable, and how this can help protect employees' wellbeing.

Co-author George Michaelides, Professor of Work Psychology at UEA's Norwich Business School, said: "Our findings underscore how assigning unreasonable tasks can violate employees' sense of fairness and harm their emotional wellbeing. It also emphasises the crucial role of supervisors in minimising such tasks and prioritising core responsibilities.




"Additionally, fostering a culture of appreciation among colleagues can serve as a protective factor, helping employees cope with workplace stress. Organisations can support this by equipping employees with the skills to express gratitude effectively, creating a more positive and resilient work environment."

Lead author Dr Evie Michailidis, from the University of Cyprus, added: "The importance of appreciation for mitigating feelings of embitterment cannot be overstated. Without appreciation, unreasonable tasks foster feelings of embitterment that spill over into private lives, making it harder to mentally disconnect and recover after work."

The study highlights the dynamic nature of embitterment and suggests that unnecessary and unreasonable tasks are potential predictors of this emotion, which in turn can interfere with employees' ability to recover from work during their time off.

Most importantly, it allowed the team to test the boundary conditions under which these relationships are stronger or weaker.

Unnecessary tasks could be those employees believe perceive as pointless and lacking relevance to their role -- for example writing a report that no one will read -- undermining their sense of purpose and value in the workplace.

Unreasonable tasks are often those employees consider exceed their role, capabilities, or responsibilities -- such as asking a senior employee to perform a novice's work -- generating a sense of injustice because they might violate expectations of fairness and respect in the workplace.

Appreciation has been recognised as an important buffer to the effect of illegitimate tasks and the threat to professional identity an employee experiences when exposed to them. It refers to getting recognition for achievements and qualities by?significant others at work, such as supervisors or colleagues.

The team collected data from 71 employees using daily surveys over five working days. These surveys helped the researchers track individual's feelings of embitterment, the degree to which they had to engage with illegitimate tasks, how much appreciation they felt from their colleagues and supervisors, and how much they thought about work during their time off.

Participants worked in different industry sectors, with most in accounting and finance.
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Eldercare robot helps people sit and stand, and catches them if they fall | ScienceDaily
The United States population is older than it has ever been. Today, the country's median age is 38.9, which is nearly a decade older than it was in 1980. And the number of adults older than 65 is expected to balloon from 58 million to 82 million by 2050. The challenge of caring for the elderly, amid shortages in care workers, rising health care costs, and evolving family structures, is an increasingly urgent societal issue.


						
To help address the eldercare challenge, a team of MIT engineers is looking to robotics. They have built and tested the Elderly Bodily Assistance Robot, or E-BAR, a mobile robot designed to physically support the elderly and prevent them from falling as they move around their homes.

E-BAR acts as a set of robotic handlebars that follows a person from behind. A user can walk independently or lean on the robot's arms for support. The robot can support the person's full weight, lifting them from sitting to standing and vice versa along a natural trajectory. And the arms of the robot can them by rapidly inflating side airbags if they begin to fall.

With their design, the researchers hope to prevent falls, which today are the leading cause of injury in adults who are 65 and older.

"Many older adults underestimate the risk of fall and refuse to use physical aids, which are cumbersome, while others overestimate the risk and may not to exercise, leading to declining mobility," says Harry Asada, the Ford Professor of Engineering at MIT. "Our design concept is to provide older adults having balance impairment with robotic handlebars for stabilizing their body. The handlebars go anywhere and provide support anytime, whenever they need."

In its current version, the robot is operated via remote control. In future iterations, the team plans to automate much of the bot's functionality, enabling it to autonomously follow and physically assist a user. The researchers are also working on streamlining the device to make it slimmer and more maneuverable in small spaces.

"I think eldercare is the next great challenge," says E-BAR designer Roberto Bolli, a graduate student in the MIT Department of Mechanical Engineering. "All the demographic trends point to a shortage of caregivers, a surplus of elderly persons, and a strong desire for elderly persons to age in place. We see it as an unexplored frontier in America, but also an intrinsically interesting challenge for robotics."

Bolli and Asada will present a paper detailing the design of E-BAR at the IEEE Conference on Robotics and Automation (ICRA) later this month.




Home support

Asada's group at MIT develops a variety of technologies and robotic aides to assist the elderly. In recent years, others have developed fall prediction algorithms, designed robots and automated devices including robotic walkers, wearable, self-inflating airbags, and robotic frames that secure a person with a harness and move with them as they walk.

In designing E-BAR, Asada and Bolli aimed for a robot that essentially does three tasks: providing physical support, preventing falls, and safely and unobtrusively moving with a person. What's more, they looked to do away with any harness, to give a user more independence and mobility.

"Elderly people overwhelmingly do not like to wear harnesses or assistive devices," Bolli says. "The idea behind the E-BAR structure is, it provides body weight support, active assistance with gait, and fall catching while also being completely unobstructed in the front. You can just get out anytime."

The team looked to design a robot specifically for aging in place at home or helping in care facilities. Based on their interviews with older adults and their caregivers, they came up with several design requirements, including that the robot must fit through home doors, allow the user to take a full stride, and support their full weight to help with balance, posture, and transitions from sitting to standing.

The robot consists of a heavy, 220-pound base whose dimensions and structure were optimized to support the weight of an average human without tipping or slipping. Underneath the base is a set of omnidirectional wheels that allows the robot to move in any direction without pivoting, if needed. (Imagine a car's wheels shifting to slide into a space between two other cars, without parallel parking.)

Extending out from the robot's base is an articulated body made from 18 interconnected bars, or linkages, that can reconfigure like a foldable crane to lift a person from a sitting to standing position, and vice versa. Two arms with handlebars stretch out from the robot in a U-shape, which a person can stand between and lean against if they need additional support. Finally, each arm of the robot is embedded with airbags made from a soft yet grippable material that can inflate instantly to catch a person if they fall, without causing bruising on impact. The researchers believe that E-BAR is the first robot able to catch a falling person without wearable devices or use of a harness.




They tested the robot in the lab with an older adult who volunteered to use the robot in various household scenarios. The team found that E-BAR could actively support the person as they bent down to pick something up from the ground and stretched up to reach an object off a shelf -- tasks that can be challenging to do while maintaining balance. The robot also was able to lift the person up and over the lip of a tub, simulating the task of getting out of a bathtub.

Bolli envisions a design like E-BAR would be ideal for use in the home by elderly people who still have a moderate degree of muscle strength but require assistive devices for activities of daily living.

"Seeing the technology used in real-life scenarios is really exciting," says Bolli.

In their current paper, the researchers did not incorporate any fall-prediction capabilities in E-BAR's airbag system. But another project in Asada's lab, led by graduate student Emily Kamienski, has focused on developing algorithms with machine learning to control a new robot in response to the user's real-time fall risk level.

Alongside E-BAR, Asada sees different technologies in his lab as providing different levels of assistance for people at certain phases of life or mobility.

"Eldercare conditions can change every few weeks or months," Asada says. "We'd like to provide continuous and seamless support as a person's disability or mobility changes with age."

This work was supported, in part, by the National Robotics Initiative and the National Science Foundation.
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Mapping a new brain network for naming | ScienceDaily
How are we able to recall a word we want to say? This basic ability, called word retrieval, is often compromised in patients with brain damage. Interestingly, many patients who can name words they see, like identifying a pet in the room as a "cat," struggle with retrieving words in everyday discourse.


						
Scientists have long sought to understand how the brain retrieves words during speech. A new study by researchers at New York University sheds light on this mystery, revealing a left-lateralized network in the dorsolateral prefrontal cortex that plays a crucial role in naming. The findings, published in Cell Reports, provide new insights into the neural architecture of language, offering potential applications for both neuroscience and clinical interventions.

Mapping the Brain's Naming Network

Word retrieval is a fundamental aspect of human communication, allowing us to link concepts to language. Despite decades of research, the exact neural dynamics underlying this process -- particularly in natural auditory contexts -- remain poorly understood.

NYU researchers -- led by Biomedical Engineering Graduate Student Leyao Yu and Associate Professor of Biomedical Engineering at NYU Tandon and Neurology at NYU Grossman School of Medicine Adeen Flinker -- recorded electrocorticographic (ECoG) data from 48 neurosurgical patients to examine the spatial and temporal organization of language processing in the brain. By using unsupervised clustering techniques, the researchers identified two distinct but overlapping networks responsible for word retrieval. The first, a semantic processing network, was located in the middle and inferior frontal gyri. This network was engaged in integrating meaning and was sensitive to how surprising a word was within a given sentence. The second, an articulatory planning network, was situated in the inferior frontal and precentral gyri, which played a crucial role in speech production, regardless of whether words were presented visually or auditorily.

Auditory Naming and the Prefrontal Cortex

The study builds upon decades of work in language neuroscience. Previous research suggested that different regions of the brain were responsible for retrieving words depending on whether they were seen or heard. However, earlier studies relied on methods with limited temporal resolution, leaving many unanswered questions about how these networks interact in real time.




By leveraging the high spatial and temporal resolution of ECoG, the researchers uncovered a striking ventral-dorsal gradient in the prefrontal cortex. They found that while articulatory planning was localized ventrally, semantic processing was uniquely represented in a dorsal region of the inferior frontal gyrus and middle frontal gyrus -- a previously underappreciated hub for language processing.

"These findings suggest that a missing piece in our understanding of language processing lies in this dorsal prefrontal region," explains lead author Leyao Yu. "Our study provides the first direct evidence that this area is involved in mapping sounds to meaning in an auditory context."

Implications for Neuroscience and Medicine

The study has far-reaching implications, not only for theoretical neuroscience but also for clinical applications. Language deficits, such as anomia -- the inability to retrieve words -- are common in stroke, brain injury, and neurodegenerative disorders. Understanding the precise neural networks involved in word retrieval could lead to better diagnostics and targeted rehabilitation therapies for patients suffering from these conditions.

Additionally, the study provides a roadmap for future research in brain-computer interfaces (BCIs) and neuroprosthetics. By decoding the neural signals associated with naming, scientists could potentially develop assistive devices for individuals with speech impairments, allowing them to communicate more effectively through direct brain-computer communication.

For now, one thing is clear: our ability to name the world around us is not just a simple act of recall, but the result of a sophisticated and finely tuned neural system -- one that is now being revealed in greater detail than ever before.
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Hormone cycles shape the structure and function of key memory regions in the brain | ScienceDaily
Hormone levels fluctuate like the tides, ebbing and flowing according to carefully orchestrated cycles. These hormones not only influence the body, but can cross into the brain and shape the behavior of our neurons and cognitive processes. Recently, researchers at UC Santa Barbara used modern laser microscopy techniques to observe how fluctuations in ovarian hormones shape both the structure and function of neurons in the mouse hippocampus, a brain region crucial for memory formation and spatial learning in mammals. They found that hormone fluctuations during the mouse estrous cycle, a 4-day cycle analogous to the 28-day human menstrual cycle, powerfully influence the shape and behavior of hippocampal neurons.


						
"We've known for some time that ovarian hormones, and particularly estradiol -- a type of estrogen -- have important consequences for neurons' structure and function," said UCSB neuroscientist Michael Goard, senior author of a paper published in the journal Neuron. In the 1990s, ex vivo experiments examined female rodent brain tissue taken at different stages of the estrous cycle. They found that during the "proestrus" stage -- when estradiol levels peak -- neurons in the hippocampus tend to form more dendritic spines, small protuberances that extend from dendrites of neurons, and serve as the primary site of connections between neurons.

"To date, there was little understanding of how the estrous cycle affects neurons in living mice," said Nora Wolcott, the paper's lead author. Now, thanks to advanced microscopy techniques, Goard's team was able to measure the structure and activity of neurons across multiple estrous cycles, thereby gaining insight into sex hormones' role in brain plasticity and memory. Other authors on the paper include William Redman, Marie Karpinska, and Emily Jacobs.

Hormone-driven plasticity

Located deep in the mammalian brain, the hippocampus is a brain region primarily associated with memory and learning. Patients with hippocampal lesions are unable to learn new information or form new episodic memories. The hippocampus is also enriched with receptors for sex hormones, such as estrogen and progesterone, suggesting that sex hormones not only influence reproduction, but also cognitive functions like memory.

Taking up where previous studies left off, the researchers deployed two-photon laser scanning microscopy,tracking the formation and pruning of these dendritic spines in mice over several four-day estrous cycles. They observed many new spines during proestrus, which were then pruned as the cycle advanced through ovulation. These were not subtle changes -- the density of spines differed by 20-30% across the cycle, representing thousands of synaptic connections for each neuron.

"How does the ebb and flow of spines influence the function of brain cells? Perhaps this influences how neurons integrate signals from other neurons," Goard said. "You can imagine if they're suddenly adding more synaptic connections, the neurons are going to get a lot more input and this is going to affect how they respond."

To investigate, the scientists examined the action potential -- the 'firing' of the neuron -- and how the impulse propagates through the neuron. Typically, the dendrites receive the signal, which travels to the cell body and out to the axon. "But the signal also travels backward back through the dendrite, which is usually where the neuron receives information," Goard said. This backpropagating signal is thought to play a role in learning and memory consolidation. They found that during peak estradiol, the backpropagating signal traveled farther back into the dendrites, which the researchers suspect may have implications for plasticity -- the brain's ability to form new neural connections.




So what are the functional consequences of the increased dendritic spine density and backpropagation? One answer lay in the "place cells," or neurons in the hippocampus that fire when the animal is in a particular location in its environment -- they help build mental maps and aid with spatial learning and navigation. To test the animals' ability to learn and remember new places, the researchers let them explore different environments while measuring the activity of neurons in the hippocampus.

The researchers found that place cells responded to familiar locations most reliably during proestrus -- the high estradiol phase -- and were most variable when the estradiol was lowest. "This is the first time that these microscopic differences in neural structure and function have been tracked across time in the same animal," Wolcott pointed out.

These findings in mice have strong implications for humans as well. Indeed, work from co-author Emily Jacobs' lab found that endocrine rhythms across the menstrual cycle are tied to structural changes in the human hippocampus. While hormone cycles are typically associated with female mammals, males also experience hormone fluctuations, many of which act on similar receptors. For example, testosterone can be converted to estrogen via aromatization, where it acts on estrogen receptors in the hippocampus. This indicates that hormone-driven plasticity is a widespread phenomenon, and underscores the importance of considering endocrine factors in neuroscience research.

"We suspect that there is some adaptive evolutionary purpose," Goard said, "and the reason I suspect that's true is because receptors for ovarian hormones don't have to be in the hippocampus, which is not thought to be directly involved in reproductive functions. But for some reason they're being expressed in the hippocampus -- probably for some learning and memory related purpose. We don't know exactly what it is, but we think it's important."

Understanding the relationship between hormonal cycle fluctuations and the brain not only furthers our fundamental understanding of brain biology, it also opens up new possibilities for medicine personalized not just to individuals, but with respect to hormone cycle phase. "The finding that the brain physically changes in response to naturally cycling hormones challenges our understanding of mammalian cognition," Wolcott said.
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Higher success rate using a simple oral swab test before IVF | ScienceDaily
About 15 per cent of all couples of reproductive age are involuntarily childless. A major reason why so many need assisted reproduction is that nowadays more and more people are putting off starting a family.


						
"This is a global trend that is expected to increase in the coming years. In Europe alone, one million IVF treatments are carried out each year; in Sweden, the corresponding number is 25,000," says Yvonne Lundberg Giwercman, professor at Lund University who led the research. She has been researching fertility in both men and women for many years.

IVF treatment involves stimulating the woman's ovaries to mature many eggs, which are then retrieved and fertilised with sperm in the laboratory before being returned to the uterus. There are two different types of hormone treatments to choose from for egg maturation: biological or synthetic. But the powerful hormone therapy also carries the risk of serious side effects, sometimes requiring women to go into intensive care -- and many attempts at IVF fail. In Sweden, the government subsidises up to three IVF cycles.

"There is an over-reliance on IVF treatments. Around 75 per cent of all attempts fail and up to 20 per cent of women experience side effects, some serious enough to require emergency treatment. The choice of hormone therapy is a contributing factor, and a major challenge is that healthcare today to some extent has to guess which treatment is best for the woman," says Ida Hjelmer, PhD and laboratory researcher at Lund University and first author of the study.

To find out who responds best to which hormone treatment, the researchers turned to genetics. A total of 1,466 women undergoing IVF treatment at the Reproductive Medicine Centre at Skane University Hospital in Malmo, Sweden were included in the study. Women with endometriosis or polycystic ovary syndrome (PCOS) were excluded. Of the 1,466 women, 475 were randomised to two different hormone treatments while the rest were controls. One candidate gene that is involved in fertilisation by mediating the action of follicle-stimulating hormone (FSH), which is known to play an important role in egg maturation, was of particular interest and mapped by gene sequencing.

The study identified that women with a particular variant of the FSH receptor (FSHR) gene that mediates the action of the hormone responded best to the biological hormone treatment, while others benefited from receiving the synthetic type of hormone. By knowing the woman's genetic profile in advance, we can increase the number of successful pregnancies, says Yvonne Lundberg Giwercman.

"We see an increase in the number of pregnancies and a relative number of 38% more babies born among women who received hormone therapy that matched their gene variation compared with those who did not. This means that for every 1,000 women undergoing IVF treatment, the equivalent of four more school classes are born: 110 more babies," says Yvonne Lundberg Giwercman.

But mapping genes is costly and takes time. That is why the researchers have now developed a simple oral swab test, which within an hour shows which hormone therapy is most suitable. The result can be seen with the naked eye as a pink or yellow coulour.

The researchers have applied for a patent for the test, set up the company Dx4Life AB and are supported in the process by LU Innovation, LU Ventures and the SmiLe Incubator with a view to commercialising the product.

"Our hope is that this will reduce the risk of suffering for women, increase the number of successful treatments and cut costs for taxpayers. Our goal is for the test to be available by the start of 2026," says Yvonne Lundberg Giwercman, who is also the CEO of the company that developed the oral swab test.
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Seek medical advice before attempting water-only fasting diets, experts warn | ScienceDaily
Experts at the University of Sydney are urging people, especially those with existing heart or vascular conditions, to seek medical advice before attempting to lose weight using water-only fasting diets.


						
The study, published in Molecular Metabolism, was conducted by a team of researchers in Australia, Italy and the US. It examined the impact of prolonged fasting -- a diet in which people abstain from consuming calories and instead drink only water for more than four days at a time -- on people's health.

Prolonged fasting diets have soared in popularity in recent years and have been proven to lead to rapid weight loss, but little is known about the long-term health implications of such diets.

Lead researcher, Professor Luigi Fontana from the Charles Perkins Centre, said: "Our hypothesis was that prolonged water-fasting would reduce inflammation in the body.

"However, we found the opposite was true -- that prolonged fasting put stress on the body and increased the number of pro-inflammatory proteins in the blood, potentially increasing the risk of health issues for people with existing heart and vascular conditions."

In the study, researchers recruited 20 participants (11 women and nine men) to take part in a trial that comprised a 10-day water-only fast followed by 5 days of refeeding, observing their health before, during and after the trial.

While the participants saw an average 7.7 percent reduction in body weight and a 6 percent decrease in waist circumference, the participants also reported experiencing symptoms such as headaches, insomnia and low blood pressure.

Professor Fontana said: "People are looking for effective ways to manage their weight and while the effects of water-only fasting can be dramatic, more work needs to be done to understand the impact of these diets on the body over a longer period of time.

"For people with existing health conditions -- especially heart and vascular issues -- we strong recommend that they speak to their doctor before trying out fasting diets."

The study also found that water-fasting reduced amyloid beta proteins -- associated with the development of Alzheimer's -- in the blood, suggesting that prolonged fasting could have neuroprotective benefits, although the current evidence is inconclusive and requires further research to establish any potential long-term effects on brain health.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250513112447.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New survey shows privacy and safety tops list of parental concerns about screen time | ScienceDaily
As kids spend more time on screens, a new national survey conducted by Ipsos on behalf of The Kids Mental Health Foundation, founded by Nationwide Children's Hospital, identifies parents' greatest fears for their children around screen time.


						
The top three fears parents have around their child and screen time are: privacy and safety concerns (47%), exposure to misinformation (36%) and not socializing in person (34%). Fewer parents ranked concerns around body image and schoolwork high on their list.

"My biggest concerns with screens are making sure that my kids don't get exposed to things before I'm ready for them to and making sure that people aren't trying to contact them," said Xia Chekwa, a mom of three kids in Columbus, Ohio. "They're aware that not everywhere is a safe place, not everything is a safe thing to watch."

Eight in 10 parents say they actively do something to manage the screen time of kids. Parents who set screen-time boundaries say setting time limits works the best (58%), followed by encouraging offline hobbies (53%) and using parental control apps (34%).

"When it comes to screen time, we can't expect kids to set their own limits and boundaries. because this technology is made to keep us using it," said Ariana Hoet, PhD, executive clinical director of The Kids Mental Health Foundation and a pediatric psychologist at Nationwide Children's. "As parents, we have to pay attention to how much they are using technology -- what they are consuming on it, what are they doing with it, and who are they interacting with through various platforms of games or social media."

The Kids Mental Health Foundation offers free, evidence-informed resources to help parents understand how to set healthy screen time boundaries and understand how phones, tablets, computers and more impact the mental health and well-being of kids.

Dr. Hoet says having conversations with kids about technology and screen time is key.




"Sit with them, watch how they use it, ask them questions, be engaged," said Dr. Hoet. "And not only does that help your child feel like, oh, you're interested in me and what I'm doing, but it helps you learn as the parent or caregiver."

Chekwa believes having a social media plan and setting healthy boundaries with technology now will help her oldest daughter in the future.

"Eventually, there's going to come a time when we're not there," said Chekwa. "And we want to make sure that she knows, and she can decipher and use her intuition for herself and not just because mom and dad said so."

Survey Methodology

This survey was conducted online within the United States by Ipsos on the KnowledgePanel(r) from April 4 to 6, 2025. This poll is based on a nationally representative probability sample of 1,085 adult parents of children under the age of 18. The margin of sampling error is plus or minus 3.2 percentage points at the 95% confidence level, for results based on the entire sample of adults. The margin of sampling error takes into account the design effect, which was 1.14.
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New light shed on health differences between males and females | ScienceDaily
The results of an international study led by researchers from Queen Mary University of London's Precision Healthcare University Research Institute (PHURI) shed new light the underlying biological mechanisms which cause differences in health risks, symptoms and outcomes between males and females.


						
The study, carried out in collaboration with the Berlin Institute of Health at Charite, Universitatsmedizin Berlin, and the Medical Research Council (MRC) Epidemiology Unit at the University of Cambridge, was published today in Nature Communications. Using data from UK Biobank and the Fenland study, the team carried an in-depth analysis of the genetic links between ~6,000 proteins and hundreds of diseases in 56,000 males and females.

The team found that for two-thirds of these proteins, their levels differed between males and females. Further examination revealed that only a very small fraction, around 100 proteins out of the 6,000 studied, had differences in the genetic 'switches' which control their levels, when compared between males and females.

These findings, which may have implications for drug development, indicate that while there are differences between the sexes in relation to how much they express certain proteins, what's causing these differences isn't solely down to differences in their genetics.

Instead, the authors highlight the importance of looking beyond genetics -- and other medical factors such as hormones -- when comparing health risks and outcomes between males and females. Their findings indicate that non-medical factors such as where people work and live, their education, financial situation, access to resources, as well as their lifestyle also contribute to the health differences experiences between the sexes and so should be explored further and considered more when exploring sex differences in health.

Mine Koprulu, lead author of the study and a postdoctoral researcher at Queen Mary's PHURI, said: "For the first time in history, we are able to study human biology at this level of detail -- across genes, proteins, and more. This is the largest study to date exploring the similarities and differences in how our genetic code regulates blood protein levels between sexes. Our findings highlight the need to better understand the factors that impact health differences -- at the genetic level and beyond -- to create more tailored and equitable healthcare for everyone."

Professor Claudia Langenberg, Director of the PHURI at Queen Mary and Professor of Computational Medicine at the Berlin Institute of Health at Charite, Germany, said: "Drug development pipelines increasingly incorporate information on genetic differences in protein levels and function and this has led to large investment in human cohorts, such as UK Biobank. From this perspective, better understanding of population differences in the regulation of proteins, such as those between males and females, is essential to guide precision medicine approaches and identify where one size may not fit all. Our results clearly show that with very few exceptions, protein regulating genetic variants identified so far behave in a very similar way in males and females. This provides evidence for an important implicit assumption -- that insights arising from studying these variants apply to both sexes."

In this study, data was categorised as male or female based on chromosomal information (XX or XY). The authors acknowledge that chromosomal information does not always align with an individual's gender identity. However, for the purposes of this study (genetic and protein-level scientific analyses), this categorisation was necessary, and data on gender identity was not reliably recoded meaning it could not be consistently used across all data.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250513112259.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists film the heart forming in 3D earlier than ever before | ScienceDaily
Researchers at UCL and the Francis Crick Institute have, for the first time, identified the origin of cardiac cells using 3D images of a heart forming in real-time, inside a living mouse embryo.


						
For the study, published in The EMBO Journal, the teamused a technique called advanced light-sheet microscopy on a specially engineered mouse model. This is a method where a thin sheet of light is used to illuminate and take detailed pictures of tiny samples, creating clear 3D images without causing any damage to living tissue.

By doing this, they were able to track individual cells as they moved and divided over the course of two days -- from a critical stage of development known as gastrulation through to the point where the primitive heart begins to take shape. This allowed the researchers to identify the cellular origins of the heart.

Gastrulation is the process by which cells begin to specialise and organise into the body's primary structures, including the heart. In humans, this occurs during the second week of pregnancy.

The study's findings could revolutionise how scientists understand and treat congenital heart defects, the researchers say.

Senior author Dr Kenzo Ivanovitch (UCL Great Ormond Street Institute of Child Health and British Heart Foundation Intermediate Research Fellow) said: "This is the first time we've been able to watch heart cells this closely, for this long, during mammalian development. We first had to reliably grow the embryos in a dish over long periods, from a few hours to a few days, and what we found was totally unexpected."

Using fluorescent markers, the team tagged heart muscle cells (called cardiomyocytes) causing them to glow in distinct colours. Combined with light-sheet microscopy, this innovation allowed the researchers to create a detailed time-lapse video.




Snapshots were captured every two minutes over 40 hours, producing images with unprecedented spatial resolution.

The resulting footage showed how cells move, divide, and form the first parts of an embryo, like the heart. Each glowing cardiomyocyte could then be tracked back to earlier cells, allowing scientists to create a family tree of the cells. This helped them see exactly when and where the first cells that only make the heart appeared in the embryo.

At the very earliest stages, embryonic cells were multipotent (capable of becoming various cell types). These included not only heart cells but also others such as endocardial cells, a type of cell that lines the inner surfaces of blood vessels and heart chambers.

However, the researchers found that early during gastrulation (typically within the first four to five hours, after the first cell division), cells contributing solely to the heart emerge rapidly and behave in highly organised ways.

Rather than moving randomly, they follow distinct paths -- almost as if they already know where they are going and what role they will play, whether contributing to the ventricles (the heart's pumping chambers) or the atria (where blood enters the heart from the body and lungs).

Dr Ivanovitch said: "Our findings demonstrate that cardiac fate determination and directional cell movement may be regulated much earlier in the embryo than current models suggest.




"This fundamentally changes our understanding of cardiac development by showing that what appears to be chaotic cell migration is actually governed by hidden patterns that ensure proper heart formation."

Lead author, PhD candidate Shayma Abukar (UCL Great Ormond Street Institute of Child Health and UCL Institute for Cardiovascular Science) said: "We are now working to understand the signals that coordinate this complex choreography of cell movements during early heart development.

"The heart doesn't come from a single group of cells, it forms from a coalition of distinct cell groups that appear at different times and places during gastrulation."

The insights from the study could revolutionise how scientists understand and treat congenital heart defects, which affect nearly one in 100 babies. The findings could also accelerate progress in growing heart tissue in the lab for use in regenerative medicine.

Dr Ivanovitch said: "In the future, we hope this work will help uncover new mechanisms of organ formation. This will inform design principles to precisely program tissue patterns and shapes for tissue engineering."

The research was supported by the British Heart Foundation.
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Combinations of chronic illnesses could double risk of depression | ScienceDaily
People with multiple long-term physical health conditions are at a significantly greater risk of developing depression, a study shows.


						
Researchers found that some combinations of illnesses -- particularly cardiometabolic ones like diabetes and heart disease -- could more than double the likelihood of a future depression diagnosis.

With multimorbidity -- when patients live with two or more chronic conditions -- continuing to put pressure on an already stretched healthcare system, experts say the findings highlight the need for integrated care models that address both mental and physical health.

Researchers from the University of Edinburgh used data from more than 142,000 people in the UK Biobank study to examine how physical illnesses interact to influence the risk of depression -- a condition that often goes underdiagnosed in people managing long-term physical diseases.

Participants were aged 37-73 years and had at least one chronic physical condition but no history of depression.

Scientists used statistical clustering techniques to group individuals by their physical illness profiles and tracked how these clusters related to later diagnoses of depression.

One group, which included people experiencing the highest rates of physical illness also showed the highest risk of developing depression. This group had no single dominant illness, but rather a complex mix of issues.




People with both heart disease and diabetes were also found to be at high risk, as were those with chronic lung conditions like asthma or COPD -- chronic obstructive pulmonary disease. Liver and bowel conditions also showed a noticeable link to depression in both men and women.

Women with joint and bone problems, such as arthritis, were particularly affected, but this pattern was not as prominent for men.

In the highest-risk groups, about one in 12 people developed depression over the next 10 years, compared with about one in 25 people without physical conditions.

While the biological burden of illness may play a role, researchers say social and systemic factors could also help explain why physical multimorbidity leads to worse mental health outcomes.

Lauren DeLong, lead author and PhD student at the University of Edinburgh's School of Informatics, said: "We saw clear associations between physical health conditions and the development of depression, but this study is only the beginning. We hope our findings inspire other researchers to investigate and untangle the links between physical and mental health conditions."

Bruce Guthrie, Professor of General Practice at the University of Edinburgh's Advanced Care Research Centre, said: "Healthcare often treats physical and mental health as completely different things, but this study shows that we need to get better at anticipating and managing depression in people with physical illness."

Professor Mike Lewis, NIHR's Scientific Director of Innovation, said: "Harnessing the power of data to understand the impact of chronic conditions is going to transform the way we treat patients in the future. NIHR's research in this area is helping to paint a full picture of what patients are dealing with, rather than just focusing on one health condition at a time."
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'Loop'hole: HIV-1 hijacks human immune cells using circular RNAs | ScienceDaily
In a groundbreaking discovery, researchers from Florida Atlantic University's Charles E. Schmidt College of Medicine have identified a never-before-seen mechanism that enables the human immunodeficiency type 1 virus (HIV-1) to evade the body's natural defenses and use it to support its survival and replication.


						
The "loophole?" A biological process that involves circular RNAs (circRNAs), which form a "loop" or circle inside cells -- unlike regular RNA molecules that are shaped like a straight line. This looped shape makes circRNAs much more stable and enables them to act like sponges -- soaking up microRNAs (miRNAs) and preventing them from doing their usual jobs such as controlling which genes get turned on or off.

Although scientists have previously discovered thousands of circRNAs in human and animal cells, only a small number have been found in viruses -- mainly in large DNA viruses like herpes viruses, including Herpes Simplex Virus and Epstein-Barr Virus. These viruses have big genomes and can stay hidden in the body for years before becoming active again.

Results of the study, published in the journal npj Viruses, marks the first experimental evidence of HIV-1 generating circRNAs produced from an integrated retroviral genome, offering a new perspective on HIV biology. These findings reveal a previously hidden layer of HIV-1's life cycle, shedding light on how the virus enhances its persistence, replication and ability to evade the immune system. They also point to a novel strategy the virus uses to survive, offering researchers a new target in the fight against one of the world's most resilient pathogens.

"We've known that circular RNAs show up in DNA viruses like Epstein-Barr and the human papillomavirus, but seeing that they are generated by an RNA virus like HIV-1 is incredibly exciting," said Massimo Caputi, Ph.D., senior author and a professor in the Department of Biomedical Science, Schmidt College of Medicine. "HIV-1 is unique -- it integrates into the host genome and hijacks the cell's RNA-processing machinery, giving it a rare ability among RNA viruses to generate these stable circular RNAs."

The team identified at least 15 distinct HIV-1 circRNAs and confirmed their presence using advanced molecular techniques and sequencing tools.

"When HIV infects the body, certain immune cells called CD4+ T cells respond by increasing levels of two microRNAs -- miR-6727-3p and miR-4722-3p -- that likely help fight the virus," said Caputi. "But HIV seems to fight back by producing circRNAs that trap these microRNAs. This weakens the immune response and helps the virus make more copies of itself. This suggests that HIV's circular RNAs might help keep infected cells alive and allow the virus to stay hidden in the body for a long time -- one of the main reasons why HIV is so hard to cure."

Normally, certain miRNAs are present at low levels, but they increase when a person is infected with HIV. To fight back, HIV makes circRNAs that soak up these miRNAs and weaken the body's defense. This allows the virus to keep multiplying.




"One of the most common circRNAs made by HIV, called Circ23, includes parts of the virus' genetic code that scientists didn't fully understand before," said Caputi. "But now, they seem important for helping the virus survive and replicate."

The findings also suggest that circRNA production may vary between individuals, potentially influencing differences in viral persistence and spread. This variation could stem from how host cells process RNA and from the availability of RNA-binding proteins needed to form circRNAs.

"These differences may help explain why patient responses vary, especially in cases of viral latency -- a state where the virus lies dormant and resists both immune attack and antiretroviral therapy," said Caputi.

Although current techniques make it difficult to measure circRNAs accurately, the researchers note that the use of droplet digital PCR may soon allow precise quantification of these molecules in patient samples.

"This is just the beginning," said Caputi. "We're now working to map out how these viral circular RNAs interact with human cells. If we can figure out how to block them, we might be able to stop the virus from hiding and help move closer to a cure."

The research team also plans to explore new treatments that use special molecules called antisense oligonucleotides (ASOs) to block HIV's circRNAs. They'll test this approach in models of long-term infection and in cells from people living with HIV to better understand how these circRNAs help the virus survive in the body.

"Our findings reveal how HIV takes control of human cells at a very detailed level and point to new possibilities for treatment," said Caputi. "Because circular RNAs are stable and specific, they could also be used as markers of infection or as new targets for drugs."

Study co-authors are Christopher Mauer and Sean Paz, graduate students in the FAU Department of Biomedical Science.
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New approach to treating aggressive breast cancers shows significant improvement in survival | ScienceDaily
A new treatment approach significantly improves survival rates for patients with aggressive, inherited breast cancers, according to Cambridge researchers.


						
In a trial where cancers were treated with chemotherapy followed by a targeted cancer drug before surgery, 100% of patients survived the critical three-year period post-surgery.

The discovery, published today in Nature Communications, could become the most effective treatment to date for patients with early-stage breast cancer with inherited BRCA1 and BRCA2 gene mutations.

Breast cancers with faulty copies of the BRCA1 and BRCA2 genes are challenging to treat, and came to public attention when actress Angelina Jolie, a BRCA1 carrier, underwent a preventative double mastectomy in 2013.

Current standard treatment aims to shrink the tumour using chemotherapy and immunotherapy, before removing it through surgery. The first three years after surgery is a critical period, when there is the greatest risk of relapse or death.

The Partner trial took a different approach and demonstrates two innovations: the addition of olaparib and chemotherapy pre-surgery, and the benefits of careful timing of when the treatments are given to patients. Taken as tablets, olaparib is a targeted cancer drug already available on the NHS.

Led by Addenbrooke's Hospital, part of Cambridge University Hospitals (CUH) NHS Foundation Trust and the University of Cambridge, the trial saw patients recruited from 23 NHS sites across the UK.




Results show that leaving a 48-hour "gap" between chemotherapy and olaparib, leads to better outcomes, possibly because a patient's bone marrow has time to recover from chemotherapy, while leaving the tumour cells susceptible to the targeted drug.

Of the 39 patients who received chemotherapy followed by olaparib, only one patient relapsed three years after surgery and 100% of patients survived.

In comparison, the survival rate for the control arm was 88% three years after surgery. Of the 45 patients on the control arm who received chemotherapy only, nine patients relapsed, of whom six died.

Jackie Van Bochoven, 59, from South Cambridgeshire, was diagnosed in February 2019 with a small but aggressive tumour. She said: "When I had the diagnosis, I was completely shocked and numb, I thought about my children, and my mum and sister who were diagnosed with breast cancer. I was pretty worried.

"Six years on, I'm well and cancer free. I'm back at work, enjoying life and spending time with my family. When you've had cancer, I think you look at life differently and every day is a bonus."

The findings have the potential to be applied to other cancers caused by faulty copies of BRCA genes, such as some ovarian, prostate and pancreatic cancers.




It may also have cost-saving benefits for the NHS, as patients currently offered olaparib take the drug post-surgery for 12 months, whereas patients on the trial took the tablets pre-surgery for 12 weeks.

Addenbrooke's consultant and trial lead, Professor Jean Abraham said: "It is rare to have a 100% survival rate in a study like this and for these aggressive types of cancer. We're incredibly excited about the potential of this new approach, as it's crucial that we find a way to treat and hopefully cure patients who are diagnosed with BRCA1 and BRCA2 related cancers."

Professor Abraham, who is also Professor of Precision Breast Cancer Medicine at the University of Cambridge, said trialling the 48-hour gap approach followed a "chance conversation" with Mark O'Connor, chief scientist in Early Oncology R&D at nearby AstraZeneca.

Mark O'Connor added: "The Partner trial highlights the importance of detecting and treating cancer early, and the value of innovative science in informing clinical trial design, in this case using bone marrow stem cells to identify the combination gap schedule. While the findings need to be validated in a larger study, they're incredibly exciting, and have the potential to transform outcomes for patient populations who have unmet clinical need."

This type of collaboration between NHS, academia and industry reflects the vision of Cambridge Cancer Research Hospital, a specialist cancer research hospital due to be built on Europe's leading life sciences campus, the Cambridge Biomedical Campus. It will bring clinical expertise from Addenbrooke's Hospital with world-class scientists from the University of Cambridge, Cancer Research UK Cambridge Centre, and industry partners together in one location to create new diagnostics and treatments to detect the earliest signs of cancer and deliver personalised, precision medicine.

Chief Executive of Cancer Research UK, Michelle Mitchell, said:"One of the best ways that we can beat cancer sooner is by making more effective use of treatments that are already available to us.

"While this research is still in its infancy, it is an exciting discovery that adding olaparib at a carefully-timed stage of treatment can potentially give patients with this specific type of breast cancer more time with their loved ones.

"Research like this can help find safer and kinder ways to treat certain types of cancer. Further studies in more patients are needed to confirm whether this new technique is safe and effective enough to be used by the NHS."

Professor Abraham and team are now planning the next phase of the research, which will look to replicate the results in a larger study and confirm that the Partner approach offers a less toxic treatment for patients as well as being more cost effective, compared to the current standard of care.

The Partner trial was sponsored by Cambridge University Hospitals NHS Foundation Trust and the University of Cambridge, funded by Cancer Research UK and AstraZeneca, and supported by the NIHR Cambridge Biomedical Research Centre, the Cancer Research UK Cambridge Centre and Addenbrooke's Charitable Trust (ACT).
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Estrogen-related receptors could be key to treating metabolic and muscular disorders | ScienceDaily
A new Salk Institute study suggests estrogen-related receptors could be a key to repairing energy metabolism and muscle fatigue.


						
Across the body, tiny bean-shaped structures called mitochondria turn the food we eat into usable energy. This cellular-level metabolism is especially important in muscle cells, which require a lot of fuel to power our movement. However, 1 in 5,000 people is born with dysfunctional mitochondria, and many others develop metabolic dysfunction later in life in association with aging or diseases like cancer, multiple sclerosis (MS), heart disease, and dementia.

Mitochondrial dysfunction is difficult to treat, but recent findings from the Salk Institute show that a group of proteins called estrogen-related receptors could be a new and effective therapeutic target. The scientists discovered that estrogen-related receptors play an important role in muscle cell metabolism, especially during exercise. When our muscles need more energy, estrogen-related receptors can increase the number of mitochondria and enhance their energetic output within muscle cells.

The findings, published in Proceedings of the National Academy of Sciences on May 12, 2025, indicate that developing a drug to boost estrogen-related receptors could be a powerful way to restore energy supplies in people with metabolic disorders, such as muscular dystrophy.

"Estrogen-related receptors look a lot like classic estrogen receptors, but their function has been much less understood," says senior author Ronald Evans, professor and March of Dimes Chair in Molecular and Developmental Biology at Salk. "Our lab discovered estrogen-related receptors in 1988 and was one of the first to recognize their role in energy metabolism. Now we've learned that estrogen-related receptors are indispensable drivers of mitochondrial growth and activity in our muscles. This makes them a really promising target to treat muscle weakness and fatigue in many different diseases that involve metabolic dysfunction."

In the 1980s, Evans led the landmark discovery of a family of proteins he named "nuclear hormone receptors." These hormone-activated receptors attach themselves to our DNA and control which genes get turned "on" or "off."

Estrogen-related receptors are one branch of this family. They are often found in parts of the body that need a lot of fuel to function, such as the heart and brain. This inspired Evans' team to explore their potential role in regulating metabolism in another high-energy organ: skeletal muscle.




Muscles require a lot of energy, especially when we exercise. In fact, exercise is one of the main signals for muscle to trigger mitochondrial biogenesis, wherein a cell increases the number of its mitochondria to produce more fuel. But exercising is difficult for people with muscular and metabolic disorders, so scientists have been looking for another way to stimulate this process.

"Mitochondria are our cells' energy factories, so the more we exercise, the more mitochondria our muscles need," says first author Weiwei Fan, a staff scientist in Evans' lab. "This got us thinking -- if we could understand how exercise induces mitochondrial biogenesis, we might be able to target those same mechanisms pharmacologically to trigger this process in people who are too weak to exercise."

To determine whether estrogen-related receptors played a role in muscle cell metabolism, Fan and his colleagues deleted three different forms of the receptors (alpha, beta, and gamma) in the muscle tissues of mice and examined the resulting effects.

They found that while the most abundant type of receptor was the alpha receptor, loss of just this one receptor had mild impacts on muscle tissue. Additionally, the researchers found that while making up only 4% of total estrogen-related receptors, the gamma receptor was able to compensate for alpha receptor loss under normal conditions. If both alpha and gamma types were deleted, this led to serious impairments in muscle mitochondrial activity, shape, and size.

So why is there such an excess of the alpha-type estrogen-related receptor (ERRa)? Hypothesizing that the answer is to help muscles adapt and grow in response to exercise, the team had its mice exercise on mechanical wheels. This exercise triggered mitochondrial biogenesis, allowing the researchers to assess whether ERRa was involved in the process. This experiment revealed that losing ERRa alone could entirely block exercise-induced mitochondria biogenesis.

Previous studies showed that exercise-induced mitochondrial growth was driven by another protein called PGC1a -- known as the master regulator of mitochondria throughout the body. The issue is, unlike nuclear hormone receptors such as ERRs, PGC1a cannot bind to genes directly, so it relies on partner proteins to get the job done. This indirect action makes PGC1a a more difficult target for therapeutic drug development.




When Evans' lab looked at the muscle cells after exercise, they found that PGC1a was partnering with ERRa to drive mitochondrial biogenesis. But unlike PGC1a, ERRa can bind directly to mitochondrial energetic genes and turn them "on," making it a promising target for improving muscle's mitochondrial performance.

"Our findings suggest that activating estrogen-related receptors could not only help fuel people's muscles, but it could also have other beneficial effects across the whole body," says Fan. "Improving mitochondrial function and energy metabolism could help strengthen many different organ systems, including the brain and heart."

Understanding how estrogen-related receptors function in muscle cells creates new opportunities to treat all parts of the body affected by mitochondrial dysfunction. Future research will continue to explore the function and regulation of both alpha- and gamma-type receptors, which may lead to other potential therapeutic targets.

Other authors include Hui Wang, Lillian Crossley, Mingxiao He, Hunter Robbins, Chandra Koopari, Yang Dai, Morgan Truitt, Ruth Yu, Annette Atkins, and Michael Downes of Salk; Tae Gyu Oh of Salk and the University of Oklahoma; and Christopher Liddle of the University of Sydney, Australia.

The work was supported by the National Institutes of Health (P01HL147835, DK057978, DK120515, 1R21OD030076, CCSG P30CA23100, CCSG P30 CA014195, CCSG P30 CA014195, P30 AG068635), Department of the Navy (N00014-16-1-3159), Larry L. Hillblom Foundation, Inc. (2021-D-001-NET), Wu Tsai Human Performance Alliance, Henry L. Guenther Foundation, and Waitt Foundation.
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Measles virus detected in Houston wastewater before cases were reported | ScienceDaily
An innovative outbreak detection program that tracks disease-causing viruses in wastewater identified the measles virus in Houston samples collected in early January 2025, before cases were reported. The team that developed the program, which includes researchers at Baylor College of Medicine, the School of Public Health at University of Texas Health Science Center - Houston, the Houston Health Department and Rice University, published their findings in the American Journal of Public Health.


						
The researchers detected the virus in wastewater using a sequencing-based approach, a highly sensitive and specific method that analyzes genetic material. This strategy might have broad implications for public health, particularly as a sentinel surveillance system to detect viruses before widespread outbreaks occur. The findings are relevant and timely as measles cases are increasing in Texas and the rest of the country and the study offers a promising strategy to get ahead of potential outbreaks.

"In 2023, we showed that systematically sequencing the genetic material in wastewater reveals dynamic changes in human viruses circulating in a community. Importantly, analyzing these viral changes in wastewater can improve our understanding of outbreaks and transmission and inform public health preparedness, just as one uses meteorological data to better understand and predict weather patterns to anticipate potentially dangerous conditions," said co-corresponding author Dr. Anthony Maresso, Joseph Melnick Endowed Chair and Professor in Molecular Virology and Microbiology at Baylor.

In the current study, the researchers reported that their wastewater surveillance program detected the measles virus in samples collected on Jan. 7 in two Houston water treatment facilities serving more than 218,000 residents. A parallel investigation confirmed on Jan. 17 the measles virus in two travelers residing in the same area serviced by the sampled water treatment plants.

"In such cases our next step is always validating the signal with a second method, and we were able to do so through a collaboration with the Houston Health Department and Rice University," said co-first author Dr. Sara Javornik Cregeen, assistant professor in the Alkek Center for Metagenomics and Microbiome Research at Baylor. "They tested for the virus presence in samples from the same date and collection site and confirmed the signal using another technique, PCR."

"As a reference, the 821 Houston wastewater samples we sequenced from the same area were negative for measles virus in the previous 31 months," she added.

"Because no other cases have been reported and the detections occurred in the same area where the travelers resided, it is reasonable to assume that the measles signal detected in wastewater is from the two infected cases, which underscores the high sensitivity of the method," Maresso said.




"With lessons learned from the Houston measles detection event, we are now working with our public health partners to gather data on the current measles outbreak in West Texas. Although not reported here, our program has been monitoring measles in wastewater from those sites as well, hoping the information can help officials get ahead of this virus," said co-first author Dr. Michael Tisza, assistant professor of molecular virology and microbiology at Baylor.

Currently, the researchers are not detecting measles viruses in wastewater in Houston but are detecting it in West Texas cities. The team continues to record the weekly activity of possible concerning viruses and report the results in the first of its kind sequencing-based health dashboard that is publicly available at https://tephi.texas.gov/early-detection.

Dr. Eric Boerwinkle, dean of the UTHealth Houston School of Public Health and co-corresponding author, said that "This work underscores the ability of sophisticated wastewater analyses to serve as an early detection system benefitting public health, healthcare and communities in preventing a measles outbreak in Houston."

He goes on to remind us that "The best protection from contracting the measles virus is the MMR vaccine, which has been shown to be safe and effective."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250512153403.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Lower tackle height changing face of women's rugby, study says | ScienceDaily
Lower the legal tackle height in women's rugby is providing effectin in reducing head contacts between players, a world-first study suggests.


						
Changes to the tackle height law in women's community rugby in Scotland is linked to reductions in head-to-head and head-to shoulder contacts, the study found.

A study compared more than 11,000 tackles between the 2022/23 season, before the reduced tackle height law was trialed and the 2023/24 season when it was introduced.

Experts found 21 per cent fewer upright tackles and a 34 per cent increase in tacklers entering the tackle bent at the waist, the recommended technique to reduce contact to the high-risk areas of the head and shoulders.

In collaboration with Scottish Rugby and World Rugby, researchers at the University of Edinburgh used video analysis to study the impact of the lowered tackle height law which World Rugby, the sport's governing body introduced for community rugby in an attempt to improve safety for players.

The research found a 64 per cent reduction in tacklers making initial contact with the ball carriers head and neck -- one of the primary causes of sports related concussion.

Lowering the tackle height was also associated with a 17 per cent reduction in the rate of head-to-head and a 35 per cent reduction in head-to-shoulder contacts for the tackler, the study found.




The study, which is the first to evaluate the lowered tackle height law in women's community rugby, shows a positive change in player behaviour, researchers say.

The findings can inform future injury prevention initiatives in women's community rugby in Scotland and beyond, they add.

World Rugby recommended an opt-in international trial of lowering the tackle height from the shoulder to below the sternum as part of a drive to reduce the risk of head-on-head contact and concussion in rugby union games.

The trial was adopted by Scottish Rugby for the 2023/2024 season alongside other nations including Australia, England, France, Ireland, Italy, Japan New Zealand, South Africa and Wales.

Researchers at Moray House School of Education and Sport analysed video footage and injury data from 34 Scottish community women's rugby matches from the top-level Premiership to the third-tier regional leagues.

The analysis used footage from Scottish Rugby which recorded players' activity including tackle type, body position, contact point and head contact.




Points of contact between players alongside match events and tackle characteristics were coded according to guidelines developed in collaboration with World Rugby and the University of Cape Town.

They also discovered a 19 per cent reduction in contacts above the sternum -- known as the red zone -- between the tackler and the ball-carrier. There was a 29 per cent reduction in head-to-head proximity for the tackler, alongside a 33 per cent reduction in head-to-head proximity and a 48 per cent reduction in head-to-shoulder contact for the ball-carrier.

Positively, there were no increases in the rate of the tacklers head making contact with the ball carriers' knee or hip, which has previously been associated with an increased risk of concussion.

Sanctions -- including penalties, advantages and yellow cards related to high tackles increased significantly from 3 to 8 in the 2023/2024 season. The number of tackles decreased significantly, but there was no significant change to the rate of other game player metrics.

The rate of concussions and injuries when comparing the 2022/23 (pre-trial) and 2023/24 (trial) seasons did not change significantly but the number of reported injuries overall was very low and may have impacted these findings.

Lead author, Hannah Walton, of the University of Edinburgh's Moray House School of Education and Sport, said: "Our findings show reducing the maximum legal tackle height in Scottish women's community rugby has resulted in a positive change in player behaviour, alongside reductions in tackler and ball-carrier head contact and head proximity to the oppositions head and shoulder. Continued collection of robust tackle and injury data is key to further understanding the effect of the law change "

Researchers say the study provides valuable data on the impact of the tackle height change in women's rugby and further studies could help understand the effect of the change on injury and concussion prevention.

Dr Debbie Palmer, of the Institute for Sport, Physical Education and Health Sciences at the Moray House School of Education and Sport, and co-Director for the UK Collaborating Centre on Injury and Illness Prevention in Sport IOC Research Centre, said: "This is the first study evaluating the impact of a lowered tackle height in community women's rugby and it is good to see, similar to the men's community study, that initial results are encouraging.

"While injury and concussion numbers were low gathering robust community wide injury surveillance data may help us make more meaningful conclusions. Overall, reductions in head proximity and contact between players is likely to have been beneficial in potentially reducing these concussive events."

The study builds on the findings of a recent study to assess the impact of the tackle height law change on Scottish men's community rugby. Evaluations are underway to assess the change on youth community rugby in Scotland.

Scottish Rugby Head of Regional Pathways and Game Development, Neil Graham said: "We look forward to continuing this partnership with University of Edinburgh as we continue to look at ways to evolve the game, keeping player welfare at the centre of the conversation.

"We also look forward to the third and final study on the youth game being released in the near future."

The study is published in BMJ Open Sport and Exercise Medicine.

The study is part of an international project led by World Rugby to assess the effects of lowering the tackle height in 11 countries including Australia, England, France, Ireland, Italy, Japan, New Zealand, Scotland, South Africa and Wales.

An international team of experts contributed to the study including researchers from the universities of Cape Town and Stellenbosch in South Africa, Calgary in Canada and Leeds Beckett.

The work was funded by World Rugby and Scottish Rugby.
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Olympic anti-doping lab puts U.S. meat supply to the test | ScienceDaily
Scientists at UCLA's Olympic Analytical Laboratory turned their sophisticated analytical capabilities for testing athlete samples for performance-enhancing drugs to research examining the U.S. meat supply as part of a study led by Texas Tech. The study was designed to investigate concerns that residues of growth promoters used in meat production could potentially cause athletes to test positive.


						
The laboratory, which typically searches for prohibited substances in urine and blood samples from elite athletes, took part in a comprehensive year-long surveillance study funded by the Partnership for Clean Competition (PCC) examining beef, pork, and chicken purchased from retail outlets across eight U.S. cities.

Growth-promoting substances like ractopamine and trenbolone are legally used in U.S. livestock production to increase muscle growth and improve feed efficiency. While the European Union bans many of these compounds, U.S. regulations permit their controlled use in specific animals (particularly beef cattle), though suggested voluntary withdrawal periods for ractopamine before slaughter help ensure residue levels remain within established limits for safe human consumption. Some athletes have attributed positive anti-doping tests to contaminated meat from the U.S. food supply.

Researchers at the lab led by Elizabeth (Ellie) Ahrens, director of the UCLA Olympic Analytical Laboratory, employed the same analytical methods used in anti-doping efforts -- liquid chromatography with high-resolution mass spectrometry -- to screen meat samples for anabolic steroids and other growth-promoting agents that are prohibited in sports.

The study, led by Dr. Bradley J. Johnson at Texas Tech University, and in collaboration with the United States Anti-Doping Agency (USADA), found that while some beef samples contained detectable levels of substances like ractopamine, trenbolone, and estradiol, all measurements remained well below the maximum residue limits established by regulatory authorities such as the FDA. Pork and chicken samples showed minimal residues, with the vast majority testing entirely negative for prohibited substances.

"The findings suggest that positive tests resulting from meat consumption are highly unlikely when consumed in amounts consistent with typical daily diets," the researchers concluded in their report. "This study reinforces the effectiveness of current regulatory practices in limiting growth promoter residues in commercial meat." The project is ongoing to collect more samples, including examining imported meat into the U.S. from abroad.
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CAR-T cell therapy for cancer causes 'brain fog,' study shows | ScienceDaily
After treatment with CAR-T cells -- immune cells engineered to attack cancer -- patients sometimes tell their doctors they feel like they have "brain fog," or forgetfulness and difficulty concentrating.


						
A new Stanford Medicine-led study shows that CAR-T cell therapy causes mild cognitive impairments, independent of other cancer treatments, and that this happens via the same cellular mechanism as cognitive impairment from two other causes: chemotherapy and respiratory infections such as flu and COVID-19. The study, conducted mostly in mice, which will publish online May 12 in Cell, also identifies strategies for reversing the problem.

Medications that ameliorate brain fog will enable better recovery from cancer immunotherapies, the researchers said.

"CAR-T cell therapy is enormously promising: We are seeing long-term survivors after CAR-T cell therapy for aggressive cancers, saving patients who would otherwise have died," said the study's senior author, Michelle Monje, MD, PhD, the Milan Gambhir Professor in Pediatric Neuro-Oncology. "We need to understand all its possible long-term effects, including this newly recognized syndrome of immunotherapy-related cognitive impairment, so we can develop therapeutic approaches to fix it."

The study's lead authors are Anna Geraghty, PhD, senior staff scientist in the Monje lab, and MD/PhD student Lehi Acosta-Alvarez.

Cognitive impairment after CAR-T cell therapy is typically mild; patients are not developing dementia, for instance. But it is frustrating and may not resolve on its own, Monje said. In mice, her team reversed the impairment using compounds similar to existing medications or medications in clinical development -- meaning a treatment could be available relatively quickly, she said.

"We're deeply interested in how cancer therapies affect cognition because it affects patients' quality of life," Monje said. "And this is especially important for kids because their brains are still developing."

Investigating brain fog




CAR-T cell therapy was approved for acute lymphoblastic leukemia in 2017. The treatment involves removing some of the patient's own immune cells, known as T cells, and engineering them to attack targets on cancer cells. The modified T cells are returned to the patient's body, where they recognize and destroy cancer.

In addition to leukemia, CAR-T cells are now used to treat other blood cancers, including multiple myeloma and some kinds of lymphoma, and they are being tested in clinical trials for various solid tumors. Monje and her colleagues have an ongoing trial of CAR-T cells for deadly brain stem and spinal cord tumors in children, which is beginning to show success.

Although patients report brain fog after CAR-T cell therapy, studies to measure how much cognitive impairment the therapy causes are only just emerging.

The research team wanted to get a comprehensive understanding of the situations in which CAR-T cell therapy might cause cognitive impairment. They studied mice that had tumors induced in the brain, blood, skin and bone. The researchers wanted to understand the influence on cognition of CAR-T cell treatment in combination with the tumors' location (originating in, spreading to or staying outside the brain), as well as the degree to which the engineered cells evoked additional, accompanying immune responses. Before and after CAR-T cell treatment, the researchers used standard cognitive tests on the mice, measuring how mice responded to a novel object and navigated a simple maze.

CAR-T therapy caused mild cognitive impairment in mice with cancers originating in, metastasizing to and located completely outside the brain. The only mice tested that did not develop cognitive impairment after CAR-T treatment were those that had bone cancer that causes minimal additional inflammation beyond the cancer-fighting activity of the CAR-T cells.

"This is the first study to demonstrate that immunotherapy on its own is sufficient to cause lasting cognitive symptoms," Monje said. "It's also the first paper to uncover the mechanisms. We found the exact same pathophysiology we've seen in brain fog syndromes that occur after chemotherapy, radiation, and mild respiratory COVID-19 or influenza."

The researchers demonstrated that the brain's immune cells, called microglia, are key players in the problem. First, the microglia become activated by the body's immune response. The activated, "annoyed" microglia produce inflammatory immune molecules known as cytokines and chemokines, which in turn have widespread effects throughout the brain. They are particularly harmful for oligodendrocytes, the brain cells responsible for making myelin, the fatty substance that insulates nerve fibers and helps nerves transmit signals more efficiently. Reduction in the nerves' insulation translates into cognitive impairment.




The scientists also analyzed samples of brain tissue from human subjects who participated in the team's ongoing clinical trial of CAR-T cells for spinal cord and brain stem tumors. Using postmortem tissue samples, the researchers confirmed that microglia and oligodendrocytes appear dysregulated in the same way the team had observed in mice after CAR-T therapy.

In mice, the research team tested strategies to resolve the cognitive problems. They gave a compound that depleted microglia in the brains of the mice for a two-week period. After that transient depletion, the microglia returned in the brain in a normal, non-reactive state. The mice were no longer cognitively impaired.

The researchers also gave the mice a medication that enters the brain and interferes with signals from damaging chemokines, blocking a specific receptor for these molecules.

"That alone rescued cognition," Monje said, adding that the researchers are now exploring how to safely translate the two strategies -- transiently depleting microglia or interrupting chemokine signals -- in people who have had CAR-T cell therapy.

"This research further illustrates that there is a unifying principle underpinning brain fog syndromes," Monje said. "And this particular study is so exciting because not only have we identified the cells central to this pathophysiology, we've found a molecular target we can investigate to treat it."

Researchers from New York University's Grossman School of Medicine and from Washington University School of Medicine, St. Louis, also contributed to the research.

The research was supported by grants from the Gatsby Charitable Foundation, the Howard Hughes Medical Institute Emerging Pathogens Initiative, a National Institutes of Health Director's Pioneer Award (DP1NS111132), the National Cancer Institute (P50CA165962, R01CA258384, R01CA263500 and U19CA264504), the National Institute of Neurological Disorders and Stroke (F31NS135948), the National Eye Institute (R01EY033353), the California Institute for Regenerative Medicine (CLIN2-12595), the Parker Institute for Cancer Immunotherapy, CureSearch, the McKenna Claire Foundation, the Unravel Pediatric Cancer Foundation, ChadTough Defeat DIPG, Alex's Lemonade Stand Foundation, the Yuvaan Tiwari Foundation, the Chambers-Okamura Endowed Directorship for Pediatric Neuro-Immuno-Oncology, the Virginia and D.K. Ludwig Fund for Cancer Research, the Waxman Family Research Fund, the Parekh Center for Interdisciplinary Neurology, Cure Alzheimer's Fund, and the MD Anderson Cancer Center Neurodegeneration Consortium
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Evidence of mother-offspring attachment types in wild chimpanzees | ScienceDaily
Have you ever wondered how your childhood relationship with your parents shaped the person you are today? Scientists have long known that early attachment to caregivers plays a crucial role in human development, but what about one of our closest relatives, the chimpanzee?


						
By observing the behaviour of wild chimpanzees in Tai National Park, Cote d'Ivoire, over four years, researchers discovered that young chimpanzees, like human children, develop different types of attachment to their mothers. Some feel secure, relying on their mother in times of distress and exploring their environment confidently, knowing she is there to support them. Others have insecure-avoidant attachment, which means they tend to be more independent and do not seek comfort from their mothers as much. However, unlike humans, where 23.5 percent of children show disorganised attachment, and captive orphaned chimpanzees, where 61 percent show this type of attachment, wild chimpanzees showed no signs of disorganised attachment.

To the point
    	Mother-offspring attachment in the wild: Wild chimpanzees develop secure or insecure-avoidant attachments to their mothers, but not disorganised attachments, suggesting that it is not a viable survival strategy in the wild.
    	Attachment types: Chimpanzees with secure attachment are confident, while those with insecure-avoidant attachment are more independent. Disorganised attachment, common in humans and captive chimps, is linked to emotional and mental health issues.
    	Potential parenting lessons: Taking into account the impact of the caregiving environment on attachment types and how early life experiences shape social and emotional development may lead to more effective parenting strategies.

Wild chimpanzees do not show disorganised attachment

In humans, disorganised attachment occurs when a child experiences fear, trauma or aggression from their caregiver. As a result, the child may display confusing behaviours, wanting affection but also fearing the caregiver. This type of attachment can lead to difficulties with emotional regulation, social integration and long-term mental health problems. Disorganised attachment is thought to be maladaptive because it leaves the child uncertain about how to respond in times of distress, potentially hindering their ability to cope effectively and affecting their overall survival.

Captive chimpanzees, particularly orphans raised by humans, often develop disorganised attachment, probably due to the lack of a permanent caregiver. But in the wild, where chimpanzees grow up in stable family groups and face natural survival pressures such as predation, the researchers found no evidence of disorganised attachment. "In the wild, we found no evidence of disorganised attachment patterns, which supports the hypothesis that this type of attachment may not be an adaptive survival strategy in the face of environmental constraints," says first author Eleonore Rolland. This suggests that if disorganised attachment does occasionally occur in wild chimpanzees, these individuals are unlikely to survive or reproduce.

Potential implications for human parenting

Attachment theory is a key concept in psychology that explains how early relationships shape emotional and social development. Secure attachment is associated with confidence and resilience, while insecure and disorganised attachment can be associated with anxiety, stress or difficulties in relationships. The fact that wild chimpanzees showed only secure or insecure avoidant attachment raises new questions about modern human parenting. "Our results deepen our understanding of chimpanzees' social development and show that humans and chimpanzees are not so different after all," says Eleonore Rolland. "But they also make us think: have some modern human institutions or caregiving practices moved away from what is best for infant development?"




Insights into the roots of human social behaviour

"By identifying attachment patterns in wild chimpanzees, we provide important insights into the roots of human social behaviour," says senior author Roman Wittig. This study bridges psychology, animal behaviour and anthropology, shedding light on how attachment strategies have evolved across species. Senior author Catherine Crockford adds: "Our findings suggest that shared attachment strategies in primates may reflect a common evolutionary heritage. The high prevalence of disorganised attachment in humans and captive orphan chimpanzees, in contrast to wild chimpanzees, also supports the idea that the rearing environment plays an important role in shaping attachment types."

These findings bring us closer to understanding both chimpanzees and humans, and encourage deeper reflection on how early life experiences shape social and emotional development across species.
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Drug to slow Alzheimer's well tolerated outside of clinical trial setting | ScienceDaily
The Food and Drug Administration's approval in 2023 of lecanemab -- a novel Alzheimer's therapy shown in clinical trials to modestly slow disease progression -- was met with enthusiasm by many in the field as it represented the first medication of its kind able to influence the disease. But side effects -- brain swelling and bleeding -- emerged during clinical trials that have left some patients and physicians hesitant about the treatment.


						
Medications can have somewhat different effects once they are released into the real world with broader demographics. Researchers at Washington University School of Medicine in St. Louis set out to study the adverse events associated with lecanemab treatment in their clinic patients and found that significant adverse events were rare and manageable.

Consistent with the results from carefully controlled clinical trials, researchers found that only 1% of patients experienced severe side effects that required hospitalization. Patients in the earliest stage of Alzheimer's with very mild symptoms experienced the lowest risk of complications, the researchers found, helping to inform patients and clinicians as they navigate discussions about the treatment's risks.

The retrospective study, published May 12 in JAMA Neurology, focused on 234 patients with very mild or mild Alzheimer's disease who received lecanemab infusions in the Memory Diagnostic Center at WashU Medicine, a clinic that specializes in treating patients with dementia.

"This new class of medications for early symptomatic Alzheimer's is the only approved treatment that influences disease progression," said Barbara Joy Snider, MD, PhD, a professor of neurology and co-senior author on the study. "But fear surrounding the drug's potential side effects can lead to treatment delays. Our study shows that WashU Medicine's outpatient clinic has the infrastructure and expertise to safely administer and care for patients on lecanemab, including the few who may experience severe side effects, leading the way for more clinics to safely administer the drug to patients."

Lecanemab is an antibody therapy that clears amyloid plaque proteins, extending independent living by 10 months, according to a recent study led by WashU Medicine researchers. Because amyloid accumulation is the first step in the disease, doctors recommend the drug for people in the early stage of Alzheimer's, with very mild or mild symptoms. The researchers found that only 1.8% of patients with very mild Alzheimer's symptoms developed any adverse symptoms from treatment compared with 27% of patients with mild Alzheimer's.

"Patients with the very mildest symptoms of Alzheimer's will likely have the greatest benefit and the least risk of adverse events from treatment," said Snider, who led clinical trials for lecanemab at WashU Medicine. "Hesitation and avoidance can lead patients to delay treatment, which in turn increase the risk of side effects. We hope the results help reframe the conversations between physicians and patients about the medication's risks."

Hesitation around lecanemab stems from a side effect known as amyloid-related imaging abnormalities, or ARIA. The abnormalities, which typically only affect a very small area of the brain, appear on brain scans and indicate swelling or bleeding. In clinical trials of lecanemab, 12.6% of participants experienced ARIA and most cases were asymptomatic and resolved without intervention. A small percentage -- approximately 2.8% of participants treated -- experienced symptoms such as headaches, confusion, nausea and dizziness. Occasional deaths have been linked to lecanemab in an estimated 0.2% of patients treated.




The Memory Diagnostic Center began treating patients with lecanemab in 2023 after the drug received full FDA approval. Patients receive the medication via infusions every two weeks in infusion centers. As part of each patient's care, WashU Medicine doctors regularly gather sophisticated imaging to monitor the brain, which can detect bleeding and swelling with great sensitivity. Lecanemab is discontinued in patients with symptoms from ARIA or significant ARIA without symptoms, and the rare patients with severe ARIA are treated with steroids in the hospital.

In looking back on their patients' outcomes, the authors found the extent of side effects aligned with those of the trials -- most of the clinic's cases of ARIA were asymptomatic and only discovered on sensitive brain scans used to monitor brain changes. Of the 11 patients who experienced symptoms from ARIA, the effects largely resolved within a few months and no patients died.

"Most patients on lecanemab tolerate the drug well," said Suzanne Schindler, MD, PhD, an associate professor of neurology and a co-senior author of the study. "This report may help patients and providers better understand the risks of treatment, which are lower in patients with very mild symptoms of Alzheimer's."
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Addressing hearing loss may reduce isolation among the elderly | ScienceDaily
Providing hearing aids and advice on their use may preserve social connections that often wane as we age, a new study shows. Its authors say that this approach could help ease the loneliness epidemic that older Americans face.


						
According to the U.S. Centers for Disease Control and Prevention, more than a quarter of seniors say they have little or no contact with others, and a third report feeling lonely. Experts have linked such isolation in part to hearing loss, which can interfere with communication and relationship building. The 2023 U.S. Surgeon General's Advisory named improving social connection as great a priority as targeting tobacco use, obesity, and addiction.

Led by researchers at NYU Langone Health as part of the ACHIEVE clinical trial, the study revealed that those treated for hearing loss retained one additional social connection on average over a three-year period when compared with those who received no hearing therapies and were instead educated about healthy aging.

Publishing online May 12 in the journal JAMA Internal Medicine, the work further showed that those given hearing aids had more diverse relationships, with networks that had many different types of connections (e.g., family members, friends, and acquaintances). They also maintained deeper, higher quality bonds than those who were not treated for hearing loss.

"Our findings add to evidence that helping aging patients hear better can also enrich their social lives and boost their mental and physical well-being," said study lead author Nicholas Reed, AuD, PhD, a member of the NYU Grossman School of Medicine's Optimal Aging Institute.

Experts have linked both loneliness and hearing loss to depression, heart disease, and early death, among other concerns, adds Reed, also a faculty member in the Departments of Otolaryngology-Head and Neck Surgery and Population Health at NYU Grossman School of Medicine. A 2023 report on the ACHIEVE trial showed that hearing interventions may slow cognitive decline among those at highest risk for dementia.

"These results support efforts to incorporate hearing aid coverage into Medicare as a means of addressing the nation's social isolation epidemic, which is especially risky for the elderly," said ACHIEVE trial co-principal investigator Josef Coresh, MD, PhD. "Making sure Americans can continue engaging with their family and friends as they age is a critical part of maintaining their quality of life," added Coresh, also the Terry and Mel Karmazin Professor in the Department of Population Health.




For the study, the research team collected data about older adults with untreated hearing loss across four sites in Maryland, North Carolina, Minnesota, and Mississippi. The study is among the largest to date to explore if hearing care can help prevent weakening of social networks, having included nearly 1,000 men and women ages 70 through 84.

Half of the participants received hearing aids, counseling sessions and personalized instruction with an audiologist, and when needed, tools such as adaptors that connect hearing aids to televisions. The other half of the participants were given instruction about exercise, strategies for communicating with healthcare providers, and further resources for healthy aging.

To measure social isolation, the researchers assessed how regularly participants spent time with others, the size and variety of their social networks and the roles they played in them, and the depth of their connections. Loneliness was calculated using a 20-question scoring system that evaluates how often a person feels disconnected from others. After the initial data was collected, the team followed up at six months and then every year for three years.

Among the other findings, the study revealed that before treatment, participants in both groups reported feeling equally lonely. Three years after the intervention took place, loneliness scores slightly improved among those who had received hearing care, while scores slightly worsened among those who did not.

Hearing aids and their related audiology appointments cost an average of $4,700, which is usually paid out of pocket, notes Coresh, who is the founding director of the Optimal Aging Institute.

Also a professor in the Department of Medicine, Coresh says the authors plan to continue following the participants for another three years and to repeat the study with a more diverse group of people -- the patients were mostly White. He cautions that the participants received concierge-level hearing care that provided more resources and time with audiologists than is typically offered to the public. Damaged hearing aids, for example, were replaced within days instead of weeks.




Funding for the study was provided by National Institutes of Health grants R01AG055426, R01AG060502, U01HL096812, U01HL096814, U01HL096899, U01HL096902, and U01HL096917.

In addition to Reed and Coresh, NYU Langone researcher James Pike, MBA, was involved in the study.

Frank Lin, MD, PhD, at Johns Hopkins University in Baltimore, is study senior author and the co-principal investigator of the ACHIEVE trial along with Coresh.

Other study co-investigators are Jinyu Chen, MS; Alison Huang, PhD, MPH; Ziheng Chen, BS; Thomas Cudjoe, MD, MPH; Jennifer Deal, PhD, MHS; Christine Mitchell, ScM; Esther Oh, MD, PhD; and Jennifer Schrack, PhD, at Johns Hopkins University; Michelle Arnold, AuD, PhD; Theresa Chisolm, PhD; and Victoria Sanchez, AuD, PhD, at the University of South Florida in Tampa; Sheila Burgard, MS; David Couper, PhD; and Lisa Gravens-Mueller, MS, at the University of North Carolina in Chapel Hill; Adele Goman, PhD, at Edinburgh Napier University in the United Kingdom; Nancy Glynn, PhD, and Theresa Gmelin, MSW, MPH, at the University of Pittsburgh in Pennsylvania; Kathleen M. Hayden, PhD, at Wake Forest University in Winston-Salem, North Carolina; Thomas Mosley Jr, PhD, at the University of Mississippi in Jackson; and James Pankow, PhD, MPH, at the University of Minnesota in Minneapolis.
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Extended reality boccia shows positive rehabilitation effects | ScienceDaily
Boccia's appeal and rising popularity comes from its showcase as a Paralympic sport that can be enjoyed by people of all ages and abilities. An Osaka Metropolitan University team has developed an extended reality version of the game as a rehabilitation program, showing how the game that requires accuracy and strategy can aid motor and cognitive skills.


						
Graduate School of Rehabilitation Science Associate Professor Masataka Kataoka's research group developed Boccia XR so that the program can be introduced even in environments with limited space. The researchers investigated changes in mood among participants over 65 before and after experiencing Boccia XR, traditional boccia, and treadmill walking, as well as lower limb muscle activity during exercise.

Participants reported better moods, vitality, and energy after experiencing both Boccia XR and traditional boccia. There was no significant difference in lower limb muscle activity during any of the programs, though muscle activity of the rectus femoris, which helps extend the knee, increased during both types of boccia compared to the treadmill.

"Boccia XR could be effective as a rehabilitation exercise for older adults in terms of both physical and emotional effects, and since it does not require a large court, it is practical for indoor environments such as hospitals and nursing care facilities," stated Professor Kataoka. "Since this research was designed to verify immediate effects, we plan to conduct further studies to investigate long-term results in a larger population of older adults and to continue updating Boccia XR."

The findings were published in PLOS One.
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Different anesthetics, same result: Unconsciousness by shifting brainwave phase | ScienceDaily
At the level of molecules and cells, ketamine and dexmedetomidine work very differently, but in the operating room they do the same exact thing: anesthetize the patient. By demonstrating how these distinct drugs achieve the same result, a new study in animals by neuroscientists at The Picower Institute for Learning and Memory at MIT identifies a potential signature of unconsciousness that is readily measurable to improve anesthesiology care.


						
What the two drugs have in common, the researchers discovered, is the way they push around brain waves, which are produced by the collective electrical activity of neurons. When brain waves are in phase, meaning the peaks and valleys of the waves are aligned, local groups of neurons in the brain's cortex can share information to produce conscious cognitive functions such as attention, perception and reasoning, said Picower Professor Earl K. Miller, senior author of the new study in Cell Reports. When brain waves fall out of phase, local communications, and therefore functions, fall apart, producing unconsciousness.

The finding, led by graduate student Alexandra Bardon, not only adds to scientists' understanding of the dividing line between consciousness and unconsciousness, Miller said, but also could provide a common new measure for anesthesiologists who use a variety of different anesthetics to maintain patients on the proper side of that line during surgery.

"If you look at the way phase is shifted in our recordings, you can barely tell which drug it was," said Miller, a faculty member in The Picower Institute and MIT's Department of Brain and Cognitive Sciences. "That's valuable for medical practice. Plus if unconsciousness has a universal signature, it could also reveal the mechanisms that generate consciousness."

If more anesthetic drugs are also shown to affect phase in the same way, then anesthesiologists might be able to use brain wave phase alignment as a reliable marker of unconsciousness as they titrate doses of anesthetic drugs, Miller said, regardless of which particular mix of drugs they are using. That insight could aid efforts to build closed-loop systems that can aid anesthesiologists by constantly adjusting drug dose based on brain wave measurements of the patient's unconsciousness.

Miller has been collaborating with study co-author Emery N. Brown, an anesthesiologist and Edward Hood Taplin Professor of Computational Neuroscience and Medical Engineering in The Picower Institute, on building such a system.In a recent clinical trial with colleagues in Japan, Brown demonstrated that monitoring brain wave power signals using EEG enabled an anesthesiologist to use much less sevoflurane during surgery with young children. The reduced doses proved safe and were associated with many improved clinical outcomes including a reduced incidence of post-operative delirium.

Phase findings

Neuroscientists studying anesthesia have rarely paid attention to phase, but in the new study, Bardon, Brown and Miller's team made a point of it as they anesthetized two animals.




After the animals lost consciousness, the measurements indicated a substantial increase in "phase locking," especially at low frequencies. Phase locking means that the relative differences in phase remained more stable. But what caught the researchers' attention were the differences that became locked in: Within each hemisphere, regardless of which anesthetic they used, brain wave phase became misaligned between the dorsolateral and ventrolateral regions of the prefrontal cortex.

Surprisingly, brain wave phase across hemispheres became more aligned, not less. But Miller notes that case is still a big shift from the conscious state, in which brain hemispheres are typically not aligned well, so the finding is a further indication that major changes of phase alignment, albeit in different ways at different distances, are a correlate of unconsciousness compared to wakefulness.

"The increase in interhemispheric alignment of activity by anesthetics seems to reverse the pattern observed in the awake, cognitively engaged brain," the Bardon and Miller team wrote in Cell Reports.

Determined by distance

Distance proved to be a major factor in determining the change in phase alignment. Even across the 2.5 millimeters of a single electrode array, low-frequency waves moved 20-30 degrees out of alignment. Across the 20 or so millimeters between arrays in the upper (dorsolateral) and lower (ventrolateral) regions within a hemisphere, that would mean a roughly 180-degree shift in phase alignment which is a complete offset of the waves.

The dependence on distance is consistent with the idea of waves traveling across the cortex, Miller said. Indeed in a 2022 study, Miller and Brown's labs showed that the anesthetic propofol induced a powerful low-frequency traveling wave that swept straight across the cortex, overwhelming higher-frequency straight and rotating waves.




The new results raise many opportunities for follow-up studies, Miller said. Does propofol (another anesthetic) also produce this signature of changed phase alignment? What role do traveling waves play in the phenomenon? And given that sleep is also characterized by increased power in slow wave frequencies, but is definitely not the same state as anesthesia-induced unconsciousness, could phase alignment explain the difference?

In addition to Bardon, Brown and Miller, the paper's other authors are Jesus Ballesteros, Scott Brincat, Jefferson Roy, Meredith Mahnke, and Yumiko Ishizawa.

The U.S. Department of Energy, The National Institutes of Health, The Simons Center for the Social Brain, The Freedom Together Foundation and The Picower Institute for Learning and Memory provided support for the research.
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Your fingers wrinkle in the same pattern every time you're in the water for too long | ScienceDaily
Do your wrinkles always form in the same pattern every time you're in the water for too long? According to new research from Binghamton University, State University of New York, the answer is yes.


						
A couple of years ago, Binghamton University Associate Professor Guy German published research about why human skin wrinkles when you stay in the water too long. Received wisdom held that the water swelled your skin and made your fingers wrinkly, but little to no research had been done to prove that.

What German and his team at the Biological Soft Matter Mechanics Laboratory found is that blood vessels beneath the skin actually contract after prolonged immersion, and that's where the wrinkles come from.

He wrote about the research for The Conversation as part of its Curious Kids feature. One of the follow-up questions stumped him, though.

"A student asked, 'Yeah, but do the wrinkles always form in the same way?' And I thought: I haven't the foggiest clue!" said German, a faculty member at the Thomas J. Watson College of Engineering and Applied Science's Department of Biomedical Engineering. "So it led to this research to find out."

In a paper recently published in the Journal of the Mechanical Behavior of Biomedical Materials, German and Rachel Laytin '23, MS '24, show that, yes, the topography patterns remain constant after multiple immersions.

"Blood vessels don't change their position much -- they move around a bit, but in relation to other blood vessels, they're pretty static," German said. "That means the wrinkles should form in the same manner, and we proved that they do."

The research put subjects' fingers in water for 30 minutes, taking photos and then repeating the immersion under the same conditions at least 24 hours later. By comparing the images, German and Laytin found the same patterns of raised loops and ridges after both immersions.




They also made an interesting side discovery: "We've heard that wrinkles don't form in people who have median nerve damage in their fingers," German said. "One of my students told us, 'I've got median nerve damage in my fingers.' So we tested him -- no wrinkles!"

As much fun as it was to figure out something a child asked, the research also could have real-world applications in forensics, such as fingerprinting at crime scenes and identifying bodies found after prolonged water exposure. German's father, a retired U.K. police officer, faced some of these challenges during his law enforcement career.

"Biometrics and fingerprints are built into my brain," he said. "I always think about this sort of stuff, because it's fascinating."

German is eager to further explore questions about skin immersion with his students: "I feel like a kid in a candy store, because there's so much science here that I don't know. We thank the people at The Conversation and the wonderful question they asked us, because does it create cool new science."
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ChatGPT helps pinpoint precise locations of seizures in the brain, aiding neurosurgeons | ScienceDaily
Epilepsy, one of the most common neurological disorders characterized by recurrent seizures, affects over 70 million people worldwide. In the United States, about 3.4 million people live with this challenging condition. Around one third of the epilepsy cases cannot be controlled by medications. For those patients, surgical resection of the epileptogenic zone (EZ), an area whose removal can lead to seizure freedom -- a period of time when a person with epilepsy experiences no seizures -- can be an effective option to reduce or eliminate seizures.


						
However, the current success rate for resective surgery -- in which the surgeon removes some of the brain tissues where seizures originate -- is around 50% to 60%. One of the reasons is that the EZs were not accurately identified. To identify the EZs, patients undergo a series of tests, including MRI, electroencephalography or EEG and intracranial EEG. Epileptologists use these data and images to describe the so-called seizure semiology -- the symptoms and behaviors during seizures. This information is used to predict the location of the EZs.

However, the language epileptologists use to describe seizure semiology can differ from one epilepsy center to another. "Different epilepsy centers may use different terms describing the same seizure semiology," says Feng Liu, Assistant Professor at the Department of Systems and Enterprises, Schaefer School of Engineering and Science at Stevens Institute of Technology. "For example, terms 'asymmetric posturing' and 'asymmetric tonic activity' can be used to describe the same thing," he shares one example, referring to a posture where one arm or one leg is extended while the other is flexed. "There are a lot of terms that can refer to the same thing, but different centers may use different terminology to describe it."

That creates a certain inconsistency, presenting challenges to surgeons. Due to the descriptive nature of seizure semiology, Large Language Models or LLMs such as ChatGPT, which were trained on a vast cohort of public records, may be a valuable tool to help identify the EZs.

Liu and his team of collaborators evaluated the clinical value of using ChatGPT to interpret seizure semiology to predict the EZ location. "Large language models such as ChatGPT, could be valuable tools for analyzing complex textual information, helping interpret seizure semiology descriptions and assist in accurately localizing the epileptogenic zones," says Liu.

For the study, the team surveyed five board-certified epileptologists who completed an online survey comprising 100 questions about localization of EZs given the description of seizure semiology. Then, the team used ChatGPT to do the same task and compared the performance of ChatGPT with that of epileptologists.

It turned out that ChatGPT responses matched or outperformed epileptologists' responses related to the regions where epileptogenic zones are commonly located, such as the brain's frontal lobe and the temporal lobe. However, epileptologists provided more accurate responses in regions where EZs are rarely located, such as the insula and the cingulate cortex. Those findings are published in the Journal of Medical Internet Research on May 12.

To further improve the performance of LLM, the team built the first LLM specially for interpreting seizure semiology, called EpiSemoLLM, which is hosted on a Stevens GPU server. This platform can be a useful assistant in the decision-making during the presurgical workup phase for neurosurgeons and epileptologists.

"Our results demonstrate that LLM and fine-tuned LLM might serve as a valuable tool to assist in the preoperative assessment for epilepsy surgery," Liu says. "The best results would be for the humans and AI to work together."
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Cell death discovery could lead to next-gen drugs for neurodegenerative conditions | ScienceDaily
Researchers have discovered how to block cells dying, in a finding that could lead to new treatments for neurodegenerative conditions like Parkinson's and Alzheimer's.


						
The team at WEHI in Melbourne, Australia, have identified a small molecule that can selectively block cell death.

Published in Science Advances, the findings lay the groundwork for next-generation neuroprotective drugs for degenerative conditions, which currently have no cure or treatments to stop their progression.

At a glance
    	    Researchers have discovered how to block cell death, an important first step towards slowing neurodegenerative conditions.
    
    	    The study from team at WEHI, including researchers from the Parkinson's Disease Research Centre, has revealed new insight into the mechanisms behind cell death and how it is controlled.
    
    	    The discovery was made possible through the advanced screening technologies of the National Drug Discovery Centre.
    




A new hope in the fight against degenerative conditions

Millions of cells are programmed to die in our bodies every day. But excessive cell death can cause degenerative conditions including Parkinson's disease and Alzheimer's disease, with the premature death of brain cells a cause of symptoms in these diseases.

Professor Grant Dewson, co-corresponding author and head of the WEHI Parkinson's Disease Research Centre, said: "Currently there are no treatments that prevent neurons from dying to slow the progression of Parkinson's. Any drugs that could be able to do this could be game changing."

The new study aimed to find new chemicals that block cell death and could be useful to treat degenerative diseases in the future.

To identify novel small molecules, the team worked with researchers in the National Drug Discovery Centre, headquartered at WEHI.

A high-throughput screen of over 100,000 chemical compounds identified one that was effective at stopping cells from dying, by interfering with a well-understood cell death protein.




Co-corresponding author Professor Guillaume Lessene said: "We were thrilled to find a small molecule that targets a killer protein called BAX and stops it working.

"While not the case in most cells, in neurons turning off BAX alone may be sufficient to limit cell death."

Building on decades of pioneering cell death research

The new research builds on decades of world-leading WEHI discoveries in cell death. A pioneering discovery at WEHI in 1988 of a protein that stopped programmed cell death sparked huge interest in the field, and has since led to a new drug to treat cancer.

While drugs that trigger cell death are transforming treatment of certain cancers, the development of cell death blockers -- that could be similarly game-changing for neurodegenerative conditions -- has proven challenging.

The new molecule targets a killer protein called BAX which kills cells by damaging mitochondria, the powerhouse of cells.

Lead author and Dewson Lab researcher Kaiming Li said: "For the first time we could keep BAX away from mitochondria and keep cells alive using this molecule.

"This could pave the way for next-generation cell death inhibitors to combat degenerative conditions."

The study demonstrates the potential to identify drugs that block cell death and may open a new avenue to find much-needed disease-modifying drugs for neurodegenerative conditions such as Parkinson's and Alzheimer's.

The WEHI Parkinson's Disease Research Centre is focusing on its expertise in cell death, ubiquitin signalling, mitochondria and inflammation in the hunt for disease-modifying therapies for Parkinson's.

By using a multidisciplinary approach to build understanding of the mechanisms behind the disease, the centre hopes to accelerate the discovery of drugs to stop disease progression, transforming the lives of those living with the condition.

The new research was supported by the Bodhi Education Fund and the National Health and Medical Research Council.
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The how and why of the brain's division across hemispheres | ScienceDaily
People have a lot of misconceptions about what the brain's left and right hemispheres do, but one well-known aspect of this division may be even more true than people realize: The brain not only splits up visual spatial perception -- processing what's on our left in the right hemisphere and what's on our right in the left hemisphere -- it takes cognitive advantage of that. A new review by MIT neuroscientists explains what the field has learned about this division of labor, the trade-off it involves and how the brain ultimately bridges the divide.


						
"People hear all these myths about the left brain being more analytical and the right brain being more artistic, or people being right-brained vs left-brained. Ninety-nine percent of that is nonsense," said paper co-author Earl K. Miller, Picower Professor in The Picower Institute for Learning and Memory and the Department of Brain and Cognitive Sciences at MIT. "You think with your whole brain."

But when it comes to visual spatial perception, the brain has evolved separate neural resources for the right vs left sides of gaze even in later stages of cognitive processing, Miller said. Why? To optimize its capacity.

"It's for good reason," said Miller, who co-authored the new review in the journal Neuropsychologia with Picower Institute research scientist Scott Brincat. "Perceptual capacity is limited -- you can only take in so much at once. If you're your capacity is fully tied up on the right side of your gaze, you might miss a threat approaching on the left. Splitting resources between both sides helps avoid dangerous perceptual blind spots."

Separated sight

When Miller was in graduate school, he said, he was taught that the brain neatly divided its visual perception of space between hemispheres until the information reached the prefrontal cortex where it became seamlessly blended. But experiments by Miller and Brincat, as well as many other researchers, have been accumulating evidence to refine that view over the last 20 years. These studies have shown that even in the prefrontal cortex, neural encoding of information about where an object is, is still biased toward the "contralateral" hemisphere, or the hemisphere opposite of where the object appears in the field of view.

"As a result, the two hemispheres appear to function surprisingly independently, even for high-level cognitive functions like attention and working memory," the authors wrote. The evidence is apparent in measurements of the brain waves produced by coordinated networks of neurons in each hemisphere. Gamma frequency wave power increases in frontal brain hemispheres when they consider the visual stimuli that appear on the contralateral side.




Meanwhile, studies for decades (including one in 1971) have shown that people and animals can remember more things if their presentation is split between hemispheres rather than presented all on one side. Neuroscientists call this the "bilateral advantage," though it is not perfect. People don't track multiple things, even if split across both sides, as well as they track just one thing on either side.

People also exhibit individualized differences in perceptual capacity across the visual field. Miller has founded the startup company SplitSage to measure these differences with the goal of helping people with visually oriented complex tasks to improve their performance.

Notably, the studies that Brincat and Miller review in the new paper show that the split bias between hemispheres applies only to spatial information -- the where something is. Other features like color or shape are processed by both hemispheres.

Seamless sight

If the brain maintains a separation in its processing of spatial visual perception, even at the stage of allocating attention and juggling objects in working memory, why aren't we confused or surprised when a bird flying from our left passes into the right side of our field of view? We also easily handle cases where our shifting gaze moves an object from one eye's field of view to the other's.

"We experience a seamless world," Miller said.




It turns out that the brain accomplishes the "handoff" from one hemisphere to the other much like two cellular towers do for your phone as you drive around, according to neural activity measurements in studies such as one in 2014 and one that Brincat and Miller led in 2021.

"As a tracked target approaches the visual midline, the hemisphere about to receive the target shows a ramp-up of activity well before the crossing time, as if it is anticipating the target," the authors wrote. "Further, activity in the sending hemisphere remains high well after the crossing. Thus, for up to a second or more, neural signals reflecting the target are shared across both hemispheres. It is as if both hemispheres are holding the baton."

As with the "bilateral advantage," there is a small performance cost when this transfer happens, studies show.

Deficits in interhemispheric connectivity or synchrony are apparent in neurological and psychiatric diseases including Alzheimer's, anxiety, depression, schizophrenia, obsessive-compulsive disorder and autism spectrum disorders, the authors note. Brincat and Miller's review emphasizes that such disruptions could affect cognition.

"A foundational understanding of interhemispheric processing, combined with interventions translatable to human patients offers hope for developing novel network-level treatments," they wrote.
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Fat-rich fluid fuels immune failure in ovarian cancer | ScienceDaily
New research led by Irish scientists has uncovered how lipid-rich fluid in the abdomen, known as ascites, plays a central role in weakening the body's immune response in advanced ovarian cancer. The findings offer new insights into immune suppression in ovarian cancer and open promising avenues for future immunotherapy approaches.


						
Over 70% of patients with ovarian cancer are diagnosed at an advanced stage, often presenting with large volumes of ascites. This ascites fluid not only supports the spread of cancer throughout the abdominal cavity but also significantly impairs the body's immune defences. Understanding how ascites affects the immune system is important for developing better treatments that use the immune system to fight cancer.

In this recent study, researchers from Trinity College Dublin and University College Dublin explored how ascites disrupts immune cell function, with a particular focus on natural killer (NK) cells and T cells, which are key players in the body's ability to eliminate tumours.

By analysing the contents of ascites fluid from ovarian cancer patients, the team identified a group of fat molecules called phospholipids as key drivers of this immune dysfunction.

Dr Karen Slattery, Research Fellow in the Trinity Translational Medicine Institute, is the first author of the research article just published in leading international journal Science Immunology. She said: "We found that these lipids interfere with NK cell metabolism and suppress their ability to kill cancer cells. Crucially, we also discovered that blocking the uptake of these phospholipids into NK cells using a specific receptor blocker can restore their anti-tumour activity, which offers a compelling new target for therapeutic intervention."

"This work adds a critical piece to the puzzle of why ovarian cancer is so aggressive and has such poor outcomes. While the immune system is naturally equipped to detect and destroy cancer cells, this function is switched off in many individuals with ovarian cancer, and we now know that this is in part due to the fat-rich environment created by ascites."

Prof. Lydia Lynch, formerly based in Trinity and now in Princeton University, is the senior author of the research article. She said: "This study marks a significant advancement in ovarian cancer research, identifying a new mechanism underpinning immune failure and laying the foundation for new therapies that could restore immune function in these patients. By targeting the fat-induced suppression of immune cells, future treatments could empower the body's own immune defences to fight back and in doing so, improve outcomes for ovarian cancer patients."
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The origins of language | ScienceDaily
Chimpanzees are capable of complex communication: The human capacity for language may not be as unique as previously thought. Chimpanzees have a complex communication system that allows them to combine calls to create new meanings, similar to human language. Combining calls creatively: Chimpanzees use four ways to change meaning when combining single calls into two-call combinations, including compositional and non-compositional combinations, and they use a large variety of call combinations in a wide range of contexts.


						
Humans are the only species on earth known to use language. They do this by combining sounds into words and words into sentences, creating infinite meanings. This process is based on linguistic rules that define how the meaning of calls is understood in different sentence structures. For example, the word "ape" can be combined with other words to form compositional sentences that add meaning: "the ape eats" or append meaning: "big ape," and non-compositional idiomatic sentences that create a completely new meaning: "go ape." A key component of language is syntax, which determines how the order of words affects meaning, for instance how "go ape" and "ape goes" convey different meanings.

One fundamental question in science is to understand where this extraordinary capacity for language originates from. Researchers often use the comparative approach to trace the evolutionary origins of human language by comparing the vocal production of other animals, particularly primates, with that of humans. Unlike humans, other primates typically rely on single calls (referred to as call types), and while some species combine calls, these combinations are only a few per species and mostly serve to alert others to the presence of predators. This suggests that their communication systems may be too restricted to be a precursor to the complex, open-ended combinatorial system that is human language. However, we may not have a full picture of the linguistic capacities of our closest living relatives, particularly how they might use call combinations to significantly expand their meaning.

Studying the meaning of chimpanzee vocalisations

Researchers from the Max Planck Institutes for Evolutionary Anthropology and for Cognitive and Brain Sciences in Leipzig, Germany, and from the Cognitive Neuroscience Center Marc Jeannerod (CNRS/Universite Claude Bernard Lyon 1) and Neuroscience Research Center (CNRS/Inserm/Universite Claude Bernard Lyon 1) in Lyon, France recorded thousands of vocalisations from three groups of wild chimpanzees in the Tai National Park in Ivory Coast. They examined how the meanings of 12 different chimpanzee calls changed when they were combined into two-call combinations. "Generating new or combined meanings by combining words is a hallmark of human language, and it is crucial to investigate whether a similar capacity exists in our closest living relatives, chimpanzees and bonobos, in order to decipher the origins of human language," says Catherine Crockford, senior author of the study. "Recording chimpanzee vocalisations over several years in their natural environment is essential in order to document their full communicative capabilities, a task that is becoming increasingly challenging due to growing human threats to wild chimpanzee populations," says Roman Wittig, co-author of the study and director of the Tai Chimpanzee Project.

Chimpanzees' complex communication system

The study reveals four ways in which chimpanzees alter meanings when combining single calls into 16 different two-call combinations, analogous to the key linguistic principles in human language. Chimpanzees used compositional combinations that added meaning (e.g., A = feeding, B = resting, AB = feeding + resting) and clarified meaning (e.g., A = feeding or travelling, B = aggression, AB = travelling). They also used non-compositional idiomatic combinations that created entirely new meanings (e.g., A = resting, B = affiliation, AB = nesting). Crucially, unlike previous studies which have mostly reported call combinations in limited situations such as predator encounters, the chimpanzees in this study expanded their meanings through the versatile combination of most of their single calls into a large diversity of call combinations used in a wide range of contexts.

"Our findings suggest a highly generative vocal communication system, unprecedented in the animal kingdom, which echoes recent findings in bonobos suggesting that complex combinatorial capacities were already present in the common ancestor of humans and these two great ape species," says Cedric Girard-Buttoz, first author on the study. He adds: "This changes the views of the last century which considered communication in the great apes to be fixed and linked to emotional states, and therefore unable to tell us anything about the evolution of language. Instead, we see clear indications here that most call types in the repertoire can shift or combine their meaning when combined with other call types. The complexity of this system suggests either that there is indeed something special about hominid communication -- that complex communication was already emerging in our last common ancestor, shared with our closest living relatives -- or that we have underestimated the complexity of communication in other animals as well, which requires further study."
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Antibiotics from human use are contaminating rivers worldwide, study shows | ScienceDaily
Millions of kilometres of rivers around the world are carrying antibiotic pollution at levels high enough to promote drug resistance and harm aquatic life, a McGill University-led study warns.


						
Published in PNAS Nexus, the study is the first to estimate the scale of global river contamination from human antibiotics use. Researchers calculated that about 8,500 tonnes of antibiotics -- nearly one-third of what people consume annually -- end up in river systems around the world each year even after in many cases passing through wastewater systems.

"While the amounts of residues from individual antibiotics translate into only very small concentrations in most rivers, which makes them very difficult to detect, the chronic and cumulative environmental exposure to these substances can still pose a risk to human health and aquatic ecosystems," said Heloisa Ehalt Macedo, a postdoctoral fellow in geography at McGill and lead author of the study.

The research team used a global model validated by field data from nearly 900 river locations. They found that amoxicillin, the world's most-used antibiotic, is the most likely to be present at risky levels, especially in Southeast Asia, where rising use and limited wastewater treatment amplify the problem.

"This study is not intended to warn about the use of antibiotics -- we need antibiotics for global health treatments -- but our results indicate that there may be unintended effects on aquatic environments and antibiotic resistance, which calls for mitigation and management strategies to avoid or reduce their implications," said Bernhard Lehner, a professor in global hydrology in McGill's Department of Geography and co-author of the study.

The findings are especially notable because the study did not consider antibiotics from livestock or pharmaceutical factories, both of which are major contributors to environmental contamination.

"Our results show that antibiotic pollution in rivers arising from human consumption alone is a critical issue, which would likely be exacerbated by veterinarian or industry sources of related compounds" said Jim Nicell, an environmental engineering professor at McGill and co-author of the study. "Monitoring programs to detect antibiotic or other chemical contamination of waterways are therefore needed, especially in areas that our model predicts to be at risk."
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        Tech meets tornado recovery
        Traditional methods of assessing damage after a disaster can take weeks or even months, delaying emergency response, insurance claims and long-term rebuilding efforts. New research might change that. Researchers have developed a new method that combines remote sensing, deep learning and restoration models to speed up building damage assessments and predict recovery times after a tornado. Once post-event images are available, the model can produce damage assessments and recovery forecasts in less ...

      

      
        Study shows vision-language models can't handle queries with negation words
        Researchers found that vision-language models, widely used to analyze medical images, do not understand negation words like 'no' and 'not.' This could cause them to fail unexpectedly when asked to retrieve medical images that contain certain objects but not others.

      

      
        New nanoparticle could make cancer treatment safer, more effective
        Scientists have created a new nanoparticle that could make ultrasound-based cancer treatments more effective and safer, while also helping prevent tumors from coming back. To make the therapy even more powerful, the scientists also attached a potent chemotherapy drug to the peptide on the nanoparticle's surface. The ultrasound physically destroys the tumor, and the drug helps eliminate any leftover cancer cells that might cause the tumor to return.

      

      
        Energy and memory: A new neural network paradigm
        Listen to the first notes of an old, beloved song. Can you name that tune? If you can, congratulations -- it's a triumph of your associative memory, in which one piece of information (the first few notes) triggers the memory of the entire pattern (the song), without you actually having to hear the rest of the song again. We use this handy neural mechanism to learn, remember, solve problems and generally navigate our reality.

      

      
        How we think about protecting data
        A new game-based experiment sheds light on the tradeoffs people are willing to make about data privacy.

      

      
        The key to spotting dyslexia early could be AI-powered handwriting analysis
        A new study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.

      

      
        Handy octopus robot can adapt to its surroundings
        Scientists inspired by the octopus's nervous system have developed a robot that can decide how to move or grip objects by sensing its environment.

      

      
        'Sweet spot' for focused ultrasound to provide essential tremor relief
        For millions of people around the world with essential tremor, everyday activities from eating and drinking to dressing and doing basic tasks can become impossible. This common neurological movement disorder causes uncontrollable shaking, most often in the hands, but it can also occur in the arms, legs, head, voice, or torso. Essential tremor impacts an estimated 1 percent of the worldwide population and around 5 percent of people over 60. Investigators have now identified a specific subregion of...

      

      
        New generation of skin substitutes give hope to severe burns patients
        Australian researchers have flagged some promising new approaches to treat severe burns that could save lives and dramatically improve patient recovery.

      

      
        Digital lab for data- and robot-driven materials science
        Researchers have developed a digital laboratory (dLab) system that fully automates the material synthesis and structural, physical property evaluation of thin-film samples. With dLab, the team can autonomously synthesize thin-film samples and measure their material properties. The team's dLab system demonstrates advanced automatic and autonomous material synthesis for data- and robot-driven materials science.

      

      
        Got data? Breastfeeding device measures babies' milk intake in real time
        New device can give peace of mind and reduce anxiety for breastfeeding moms. It uses bioimpedance, which is currently used to measure body fat, and streams clinical-grade data to a smartphone or tablet in real time. Developed by physicians and engineers, device was tested by new moms. Technology could particularly benefit fragile babies in the NICU, who have precise nutritional needs.

      

      
        New hope against superbugs: Promising antibiotic candidate discovered
        An international team of researchers has discovered saarvienin A, a new type of glycopeptide antibiotic. Their findings introduce a compound with strong activity against highly resistant bacterial strains.

      

      
        Sugar-coated nanotherapy dramatically improves neuron survival in Alzheimer's model
        In many neurodegenerative diseases, proteins misfold and clump together in brain tissue. Scientists developed a new therapy made of peptides and a sugar that naturally occurs in plants. The therapeutic molecules self-assemble into nanofibers, which bond to the neuron-killing proteins. Now trapped, the toxic proteins can no longer enter neurons and instead harmlessly degrade.

      

      
        Uncovering compounds that tame the heat of chili peppers
        When biting into a chili pepper, you expect a fiery sensation on your tongue. This spiciness is detected because of capsaicinoid compounds. But for some peppers, despite high levels of capsaicinoids, the heat is mysteriously dull. Now, researchers have identified three compounds that lessen peppers' pungency. These results challenge the reliability of the century-old Scoville scale, which traditionally bases its rating on two capsaicinoids.

      

      
        Astronomers take a second look at twin star systems
        Apples-to-apples comparisons in the distant universe are hard to come by. Whether the subject is dwarf galaxies, supermassive black holes, or 'hot Jupiters,' astronomers can spend months or years searching for comparable objects and formations to study. And it is rarer still when those objects are side-by-side. But a new study offers a road map for finding 'twin' planetary systems -- showing whether binary stars that orbit each other, and that were born at the same time and place, tend to host si...

      

      
        Making connections: A three-dimensional visualization of musculoskeletal development
        Using a new fluorescent mouse model with advanced imaging techniques, researchers have successfully visualized how musculoskeletal components are integrated into the functional locomotor system during embryonic development.

      

      
        New computer language helps spot hidden pollutants
        Biologists and chemists have a new programming language to uncover previously unknown environmental pollutants at breakneck speed -- without requiring them to code.

      

      
        Eldercare robot helps people sit and stand, and catches them if they fall
        Engineers built E-BAR, a mobile robot designed to physically support the elderly and prevent them from falling as they move around their homes. E-BAR acts as a set of robotic handlebars that follows a person from behind, allowing them to walk independently or lean on the robot's arms for support.

      

      
        Enzymes from scratch
        Researchers have developed a new workflow for designing enzymes from scratch, paving the way toward more efficient, powerful and environmentally benign chemistry. The new method allows designers to combine a variety of desirable properties into new-to-nature catalysts for an array of applications, from drug development to materials design.

      

      
        Researchers demonstrate 3-D printing technology to improve comfort, durability of 'smart wearables'
        Imagine a T-shirt that could monitor your heart rate or blood pressure. Or a pair of socks that could provide feedback on your running stride. It may be closer than you think, with new research demonstrating a particular 3-D ink printing method for so-called smart fabrics that continue to perform well after repeated washings and abrasion tests.

      

      
        New survey shows privacy and safety tops list of parental concerns about screen time
        As kids spend more time on screens, a new national survey conducted by Ipsos on behalf of The Kids Mental Health Foundation, founded by Nationwide Children's Hospital, identifies parents' greatest fears for their children around screen time.

      

      
        Researchers develop living material from fungi
        Fungi are considered a promising source of biodegradable materials. Researchers have developed a new material based on a fungal mycelium and its own extracellular matrix. This gives the biomaterial particularly advantageous properties.

      

      
        Remote particle measurement via quantum entanglement
        Quantum physics keeps challenging our intuition. Researchers have shown that joint measurements can be carried out on distant particles, without the need to bring them together. This breakthrough relies on quantum entanglement -- the phenomenon that links particles across distance as if connected by an invisible thread. The discovery opens up exciting prospects for quantum communication and computing, where information becomes accessible only once it is measured.

      

      
        Scientists define the ingredients for finding natural clean hydrogen
        Researchers have detailed the geological ingredients required to find clean sources of natural hydrogen beneath our feet. The work details the requirements for natural hydrogen, produced by the Earth itself over geological time, to accumulate in the crust, and identifies that the geological environments with those ingredients are widespread globally. Hydrogen is $135 billion industry, essential for making fertilizer and other important societal chemicals, and a critical clean energy source for fu...

      

      
        Astrophysicists explore our galaxy's magnetic turbulence in unprecedented detail using a new computer model
        Astronomers have developed a groundbreaking computer simulation to explore, in unprecedented detail, magnetism and turbulence in the interstellar medium (ISM) -- the vast ocean of gas and charged particles that lies between stars in the Milky Way Galaxy. The model is the most powerful to date, requiring the computing capability of the SuperMUC-NG supercomputer at the Leibniz Supercomputing Centre in Germany. It directly challenges our understanding of how magnetized turbulence operates in astroph...

      

      
        Robotic hand moves objects with human-like grasp
        A robotic hand can pick up 24 different objects with human-like movements that emerge spontaneously, thanks to compliant materials and structures rather than programming.

      

      
        AI meets the conditions for having free will -- we need to give it a moral compass
        AI is advancing at such speed that speculative moral questions, once the province of science fiction, are suddenly real and pressing, says a philosopher and psychology researcher Frank Martela. Martela's latest study finds that generative AI meets all three of the philosophical conditions of free will -- the ability to have goal-directed agency, make genuine choices and to have control over its actions. This development brings us to a critical point in human history, as we give AI more power and ...

      

      
        Submarine robot catches an underwater wave
        Engineers have taught a simple submarine robot to take advantage of turbulent forces to propel itself through water.

      

      
        Extended reality boccia shows positive rehabilitation effects
        A team has developed Boccia XR, a rehabilitation program using extended reality technology that can be introduced even in environments with limited space.

      

      
        Tapping a new toolbox, engineers buck tradition in new high-performing heat exchanger
        A team engineers created a twisty high-temperature heat exchanger that outperformed a traditional straight channel design in heat transfer, power density and effectiveness and used an innovative technique to 3D print and test the metal proof of concept.

      

      
        Universe decays faster than thought, but still takes a long time
        The universe is decaying much faster than thought. This is shown by calculations of scientists on the so-called Hawking radiation. They calculate that the last stellar remnants take about 10^78 years (a 1 with 78 zeros) to perish. That is much shorter than the previously postulated 10^1100 years (a 1 with 1100 zeros).

      

      
        Astrophysicist searches for ripples in space and time in new way
        Massive ripples in the very fabric of space and time wash over Earth constantly, although you'd never notice. An astrophysicist is trying a new search for these gravitational waves.

      

      
        ChatGPT helps pinpoint precise locations of seizures in the brain, aiding neurosurgeons
        ChatGPT responses matched or outperformed epileptologists' responses related to the regions where epileptogenic zones are commonly located. Yet epileptologists provided more accurate responses for the regions rarely affected.

      

      
        Helping birds and floating solar energy coexist
        How might floating solar energy projects impact wild birds and vice versa? A paper outlines key considerations for a growing floating solar industry.

      

      
        Ultrasound unlocks a safer, greener way to make hydrogels
        Researchers have developed a new way to create hydrogels using ultrasound, eliminating the need for toxic chemical initiators. This breakthrough offers a faster, cleaner and more sustainable approach to hydrogel fabrication, and produces hydrogels that are stronger, more flexible and highly resistant to freezing and dehydration. The new method also promises to facilitate advances in tissue engineering, bioadhesives and 3D bioprinting.

      

      
        Computing: Shedding light on shadow branches
        Researchers have developed a new technique called 'Skia' to help computer processors better predict future instructions and improve computing performance.

      

      
        A small bicycle handlebar sensor can help map a region's riskiest bike routes
        Researchers have developed a system, called ProxiCycle, that logs when a passing car comes too close to a cyclist (four feet or less). A small, inexpensive sensor plugs into bicycle handlebars and tracks the passes, sending them to the rider's phone. The team tested the system for two months with 15 cyclists in Seattle and found a significant correlation between the locations of close passes and other indicators of poor safety, such as collisions.

      

      
        Urine, not water for efficient production of green hydrogen
        Researchers have developed two unique energy-efficient and cost-effective systems that use urea found in urine and wastewater to generate hydrogen. The unique systems reveal new pathways to economically generate 'green' hydrogen, a sustainable and renewable energy source, and the potential to remediate nitrogenous waste in aquatic environments.

      

      
        World record for lithium-ion conductors
        A team partially replaced lithium in a lithium antimonide compound with the metal scandium. This creates specific gaps, so-called vacancies, in the crystal lattice of the conductor material. These gaps help the lithium ions to move more easily and faster, resulting in a new world record for ion conductivity.

      

      
        Scientists innovate mid-infrared photodetectors for exoplanet detection, expanding applications to environmental and medical fields
        Researchers have developed an innovative photodetector capable of detecting a broad range of mid-infrared spectra.

      

      
        Satellite measures CO2 and NO2 simultaneously from power plant emissions for the first time
        A research team used the German environmental satellite EnMAP (Environmental Mapping and Analysis Program) to simultaneously detect the two key air pollutants carbon dioxide (CO2) and nitrogen dioxide (NO2) in emission plumes from power plants -- with an unprecedented spatial resolution of just 30 meters. The newly developed method allows for tracking of industrial emissions from space with great precision and enables atmospheric processes to be analyzed in detail.

      

      
        Amuse, a songwriting AI-collaborator to help create music
        Researchers have developed AI technology similar to a fellow songwriter who helps create music.

      

      
        Self-assembly of a large metal-peptide capsid nanostructure through geometric control
        A significant advancement in molecular engineering has produced a large, hollow spherical shell nanostructure through the self-assembly of peptides and metal ions, report researchers from Japan. This dodecahedral link structure, measuring 6.3 nanometers in diameter, was achieved by combining geometric principles derived from knot theory and graph theory with peptide engineering. The resulting structure demonstrates remarkable stability while featuring a large inner cavity suitable for encapsulati...

      

      
        Bringing superconducting nanostructures to 3D
        An international team has pioneered a nano-3D printing method to create superconducting nanostructures, leading to groundbreaking technological advancements.

      

      
        Machine learning powers new approach to detecting soil contaminants
        A team of researchers has developed a new strategy for identifying hazardous pollutants in soil -- even ones that have never been isolated or studied in a lab.

      

      
        Green fabrication of hybrid materials as highly sensitive X-ray detectors
        New bismuth-based organic-inorganic hybrid materials show exceptional sensitivity and long-term stability as X-ray detectors, significantly more sensitive than commercial X-ray detectors. In addition, these materials can be produced without solvents by ball milling, a mechanochemical synthesis process that is environmentally friendly and scalable. More sensitive detectors would allow for a reduction in the radiation exposure during X-ray examinations.

      

      
        Stability solution brings unique form of carbon closer to practical application
        Carbyne, a one-dimensional chain of carbon atoms, is incredibly strong for being so thin, making it an intriguing possibility for use in next-generation electronics, but its extreme instability made it nearly impossible to produce at all, let alone produce enough of it for advanced studies. Now, an international team of researchers may have a solution.

      

      
        AI tool uses face photos to estimate biological age and predict cancer outcomes
        Researchers developed FaceAge, an AI tool that calculate's a patient biological age from a photo of their face. In a new study, the researchers tied FaceAge results to health outcomes in people with cancer: When FaceAge estimated a younger age than a cancer patient's chronological age, the patient did significantly better after cancer treatment, whereas patients with older FaceAge estimates had worse survival outcomes.

      

      
        3D printing in vivo using sound
        New technique for cell or drug delivery, localization of bioelectric materials, and wound healing uses ultrasound to activate printing within the body.

      

      
        Ping pong bot returns shots with high-speed precision
        Engineers developed a ping-pong-playing robot that quickly estimates the speed and trajectory of an incoming ball and precisely hits it to a desired location on the table.
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Tech meets tornado recovery | ScienceDaily
It started as a low, haunting roar building in the distance. It grew into a deafening thunder that drowned out all else. The sky turned an unnatural shade of green, then black. The wind lashed at trees and buildings with brutal force. Sirens wailed. Windows and buildings exploded.


						
In spring 2011, Joplin, Missouri, was devastated by an EF5 tornado with estimated winds exceeding 200 mph. The storm caused 161 fatalities, injured over 1,000 people, and damaged and destroyed around 8,000 homes and businesses. The tornado carved a mile-wide path through the densely populated south-central area of the city, leaving behind miles of splintered rubble and causing over $2 billion in damage.

The powerful winds of tornadoes often surpass the design limits of most residential and commercial buildings. Traditional methods of assessing damage after a disaster can take weeks or even months, delaying emergency response, insurance claims and long-term rebuilding efforts.

New research from Texas A&M University might change that. Led by Dr. Maria Koliou, associate professor and Zachry Career Development Professor II in the Zachry Department of Civil and Environmental Engineering at Texas A&M, researchers have developed a new method that combines remote sensing, deep learning and restoration models to speed up building damage assessments and predict recovery times after a tornado. Once post-event images are available, the model can produce damage assessments and recovery forecasts in less than an hour.

The researchers published their model in Sustainable Cities and Society. 

"Manual field inspections are labor-intensive and time-consuming, often delaying critical response efforts," said Abdullah Braik, coauthor and a civil engineering doctoral student at Texas A&M. "Our method uses high-resolution sensing imagery and deep learning algorithms to generate damage assessments within hours, immediately providing first responders and policymakers with actionable intelligence."

The model does more than assess damage -- it also helps predict repair costs and estimate recovery times. Researchers can assess these timelines and costs in different situations by combining deep learning technology, a type of artificial intelligence, with advanced recovery models.




"We aim to provide decision-makers with near-instantaneous damage assessment and probabilistic recovery forecasts, ensuring that resources are allocated efficiently and equitably, particularly for the most vulnerable communities," Braik said. "This enables proactive decision-making in the aftermath of a disaster."

How It Works

Researchers combined three tools to create the model: remote sensing, deep learning and restoration modeling.

Remote sensing uses high-resolution satellite or aerial images from sources such as NOAA to show the extent of damage across large areas.

"These images are crucial because they offer a macro-scale view of the affected area, allowing for rapid, large-scale damage detection," Braik said.

Deep learning automatically analyzes these images to identify the severity of the damage accurately. The AI is trained before disasters by analyzing thousands of images of past events, learning to recognize visible signs of damage such as collapsed roofs, missing walls and scattered debris. The model then classifies each building into categories such as no damage, moderate damage, major damage, or destroyed.




Restoration modeling uses past recovery data, building and infrastructure details and community factors -- like income levels or access to resources -- to estimate how long it might take for homes and neighborhoods to recover under different funding or policy conditions.

When these three tools are combined, the model can quickly assess the damage and predict short- and long-term recovery timelines for communities affected by disasters.

"Ultimately, this research bridges the gap between rapid disaster assessment and strategic long-term recovery planning, offering a risk-informed yet practical framework for enhancing post-tornado resilience," Braik said.

Testing The Model

Koliou and Braik used data from the 2011 Joplin tornado to test their model due to its massive size, intensity and availability of high-quality post-disaster information. The tornado destroyed thousands of buildings, creating a diverse dataset that allowed the model to be trained and tested across various levels of structural damage. Detailed ground-level damage assessments provided a reliable benchmark to check how accurately the model could classify the severity of the damage.

"One of the most interesting findings was that, in addition to detecting damage with high accuracy, we could also estimate the tornado's track," Braik said. "By analyzing the damage data, we could reconstruct the tornado's path, which closely matched the historical records, offering valuable information about the event itself."

Future Directions

Researchers are working on using this model for other types of disasters, such as hurricanes and earthquakes, as long as satellites can detect damage patterns.

"The key to the model's generalizability lies in training it to use past images from specific hazards, allowing it to learn the unique damage patterns associated with each event," Braik said. "We have already tested the model on hurricane data, and the results have shown promising potential for adapting to other hazards."

The research team believes their model could be critical in future disaster response, helping communities recover faster and more efficiently. The team wants to extend the model beyond damage assessment to include real-time updates on recovery progress and tracking recovery over time.

"This will allow for more dynamic and informed decision-making as communities rebuild," he said. "We aim to create a reliable tool that enhances disaster management efficiency and supports quicker recovery efforts."

The technology has the potential to transform how emergency officials, insurers and policymakers respond in the crucial hours and days after a storm by delivering near-instant assessments and recovery projections.

Funding for this research was provided by the National Science Foundation.
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Study shows vision-language models can't handle queries with negation words | ScienceDaily
Imagine a radiologist examining a chest X-ray from a new patient. She notices the patient has swelling in the tissue but does not have an enlarged heart. Looking to speed up diagnosis, she might use a vision-language machine-learning model to search for reports from similar patients.


						
But if the model mistakenly identifies reports with both conditions, the most likely diagnosis could be quite different: If a patient has tissue swelling and an enlarged heart, the condition is very likely to be cardiac related, but with no enlarged heart there could be several underlying causes.

In a new study, MIT researchers have found that vision-language models are extremely likely to make such a mistake in real-world situations because they don't understand negation -- words like "no" and "doesn't" that specify what is false or absent.

"Those negation words can have a very significant impact, and if we are just using these models blindly, we may run into catastrophic consequences," says Kumail Alhamoud, an MIT graduate student and lead author of this study.

The researchers tested the ability of vision-language models to identify negation in image captions. The models often performed as well as a random guess. Building on those findings, the team created a dataset of images with corresponding captions that include negation words describing missing objects.

They show that retraining a vision-language model with this dataset leads to performance improvements when a model is asked to retrieve images that do not contain certain objects. It also boosts accuracy on multiple choice question answering with negated captions.

But the researchers caution that more work is needed to address the root causes of this problem. They hope their research alerts potential users to a previously unnoticed shortcoming that could have serious implications in high-stakes settings where these models are currently being used, from determining which patients receive certain treatments to identifying product defects in manufacturing plants.




"This is a technical paper, but there are bigger issues to consider. If something as fundamental as negation is broken, we shouldn't be using large vision/language models in many of the ways we are using them now -- without intensive evaluation," says senior author Marzyeh Ghassemi, an associate professor in the Department of Electrical Engineering and Computer Science (EECS) and a member of the Institute of Medical Engineering Sciences and the Laboratory for Information and Decision Systems.

Ghassemi and Alhamoud are joined on the paper by Shaden Alshammari, an MIT graduate student; Yonglong Tian of OpenAI; Guohao Li, a former postdoc at Oxford University; Philip H.S. Torr, a professor at Oxford; and Yoon Kim, an assistant professor of EECS and a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL) at MIT. The research will be presented at Conference on Computer Vision and Pattern Recognition.

Neglecting negation

Vision-language models (VLM) are trained using huge collections of images and corresponding captions, which they learn to encode as sets of numbers, called vector representations. The models use these vectors to distinguish between different images.

A VLM utilizes two separate encoders, one for text and one for images, and the encoders learn to output similar vectors for an image and its corresponding text caption.

"The captions express what is in the images -- they are a positive label. And that is actually the whole problem. No one looks at an image of a dog jumping over a fence and captions it by saying 'a dog jumping over a fence, with no helicopters,'" Ghassemi says.




Because the image-caption datasets don't contain examples of negation, VLMs never learn to identify it.

To dig deeper into this problem, the researchers designed two benchmark tasks that test the ability of VLMs to understand negation.

For the first, they used a large language model (LLM) to re-caption images in an existing dataset by asking the LLM to think about related objects not in an image and write them into the caption. Then they tested models by prompting them with negation words to retrieve images that contain certain objects, but not others.

For the second task, they designed multiple choice questions that ask a VLM to select the most appropriate caption from a list of closely related options. These captions differ only by adding a reference to an object that doesn't appear in the image or negating an object that does appear in the image.

The models often failed at both tasks, with image retrieval performance dropping by nearly 25 percent with negated captions. When it came to answering multiple choice questions, the best models only achieved about 39 percent accuracy, with several models performing at or even below random chance.

One reason for this failure is a shortcut the researchers call affirmation bias -- VLMs ignore negation words and focus on objects in the images instead.

"This does not just happen for words like 'no' and 'not.' Regardless of how you express negation or exclusion, the models will simply ignore it," Alhamoud says.

This was consistent across every VLM they tested.

"A solvable problem"

Since VLMs aren't typically trained on image captions with negation, the researchers developed datasets with negation words as a first step toward solving the problem.

Using a dataset with 10 million image-text caption pairs, they prompted an LLM to propose related captions that specify what is excluded from the images, yielding new captions with negation words.

They had to be especially careful that these synthetic captions still read naturally, or it could cause a VLM to fail in the real world when faced with more complex captions written by humans.

They found that finetuning VLMs with their dataset led to performance gains across the board. It improved models' image retrieval abilities by about 10 percent, while also boosting performance in the multiple-choice question answering task by about 30 percent.

"But our solution is not perfect. We are just recaptioning datasets, a form of data augmentation. We haven't even touched how these models work, but we hope this is a signal that this is a solvable problem and others can take our solution and improve it," Alhamoud says.

At the same time, he hopes their work encourages more users to think about the problem they want to use a VLM to solve and design some examples to test it before deployment.

In the future, the researchers could expand upon this work by teaching VLMs to process text and images separately, which may improve their ability to understand negation. In addition, they could develop additional datasets that include image-caption pairs for specific applications, such as health care.
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New nanoparticle could make cancer treatment safer, more effective | ScienceDaily
Researchers have created a new kind of nanoparticle that could make ultrasound-based cancer treatments more effective and safer, while also helping prevent tumors from coming back.


						
The study, published in the journal Nano Letters, explores a way to make high-intensity focused ultrasound less harmful to healthy tissues.

Oregon Health & Science University was the first hospital in Oregon to offer prostate cancer treatment using a robotic-assisted high-intensity focused ultrasound device. Researchers in the OHSU Knight Cancer Institute's Cancer Early Detection Advanced Research Center, or CEDAR, wanted to improve a category of focused ultrasound known as mechanical tumor ablation.

This technique uses energy to destroy solid tumors without surgery. However, using focused ultrasound to treat solid tumors has two major challenges: it usually needs a lot of energy, which can create heat and harm healthy tissue, and even if the tumor is broken up, some cancer cells might survive and allow the cancer to come back.

"In this study, we developed a tiny particle -- about a thousand times smaller than the width of a sheet of paper -- that helps treat cancer more effectively," said Michael Henderson, B.A., the study's co-lead author.

"These nanoparticles are engineered with small bubbles on their surface. When targeted with focused ultrasound, the bubbles pop and release energy that helps destroy tumors more precisely," he said. "The particles are also coated with a special molecule called a peptide, which helps them stick to tumors and enter cancer cells more easily."

To make the therapy even more powerful, the scientists also attached a potent chemotherapy drug to the peptide on the nanoparticle's surface. Li Xiang, Ph.D., a postdoctoral scholar with CEDAR and the study's other co-lead author, describes this method as a "one-two punch."

"The ultrasound physically destroys the tumor, and the drug helps eliminate any leftover cancer cells that might cause the tumor to return," she said.




In preclinical models of human melanoma, this combination led to deeper tumor destruction and more effective drug delivery than either treatment alone.

"Our nanoparticles reduce the energy needed for ultrasound treatment by up to 100-fold," Henderson said. "This allows us to use short ultrasound pulses to disrupt tumors mechanically, without overheating surrounding tissue."

When tested in mice with human melanoma tumors, the combined treatment -- ultrasound plus the drug-loaded nanoparticles -- led to significantly better outcomes than either treatment alone. In some cases, tumors completely disappeared and improved overall survival for more than 60 days with no major side effects observed.

The new platform could eventually be used for other treatments, including infections or cardiovascular disease, where a mix of mechanical and drug therapy could be helpful.

"What began in 2018 as research into nanoparticle-assisted tumor ablation has evolved into a multifunctional platform enabled by simple mixing -- we're now excited to bring this into immunotherapy," said Adem Yildirim, Ph.D., the study's senior author and assistant professor of oncological sciences in the OHSU School of Medicine and the OHSU Knight Cancer Institute. "By combining focused ultrasound with smart drug delivery, we're seeing a promising new way to fight cancer more effectively and reduce the chance of it coming back."

Henderson said future combined treatments, in this case ultrasound and immunotherapy, could help go beyond what each therapy does on its own.
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Energy and memory: A new neural network paradigm | ScienceDaily
Listen to the first notes of an old, beloved song. Can you name that tune? If you can, congratulations -- it's a triumph of your associative memory, in which one piece of information (the first few notes) triggers the memory of the entire pattern (the song), without you actually having to hear the rest of the song again. We use this handy neural mechanism to learn, remember, solve problems and generally navigate our reality.


						
"It's a network effect," said UC Santa Barbara mechanical engineering professor Francesco Bullo, explaining that associative memories aren't stored in single brain cells. "Memory storage and memory retrieval are dynamic processes that occur over entire networks of neurons."

In 1982 physicist John Hopfield translated this theoretical neuroscience concept into the artificial intelligence realm, with the formulation of the Hopfield network. In doing so, not only did he provide a mathematical framework for understanding memory storage and retrieval in the human brain, he also developed one of the first recurrent artificial neural networks -- the Hopfield network -- known for its ability to retrieve complete patterns from noisy or incomplete inputs. Hopfield won the Nobel Prize for his work in 2024.

However, according to Bullo and collaborators Simone Betteti, Giacomo Baggio and Sandro Zampieri at the University of Padua in Italy, the traditional Hopfield network model is powerful, but it doesn't tell the full story of how new information guides memory retrieval. "Notably," they say in a paper published in the journal Science Advances, "the role of external inputs has largely been unexplored, from their effects on neural dynamics to how they facilitate effective memory retrieval." The researchers suggest a model of memory retrieval they say is more descriptive of how we experience memory.

"The modern version of machine learning systems, these large language models -- they don't really model memories," Bullo explained. "You put in a prompt and you get an output. But it's not the same way in which we understand and handle memories in the animal world." While LLMs can return responses that can sound convincingly intelligent, drawing upon the patterns of the language they are fed, they still lack the underlying reasoning and experience of the physical real world that animals have.

"The way in which we experience the world is something that is more continuous and less start-and-reset," said Betteti, lead author of the paper. Most of the treatments on the Hopfield model tended to treat the brain as if it was a computer, he added, with a very mechanistic perspective. "Instead, since we are working on a memory model, we want to start with a human perspective."

The main question inspiring the theorists was: As we experience the world that surrounds us, how do the signals we receive enable us to retrieve memories?




As Hopfield envisioned, it helps to conceptualize memory retrieval in terms of an energy landscape, in which the valleys are energy minima that represent memories. Memory retrieval is like exploring this landscape; recognition is when you fall into one of the valleys. Your starting position in the landscape is your initial condition.

"Imagine you see a cat's tail," Bullo said. "Not the entire cat, but just the tail. An associative memory system should be able to recover the memory of the entire cat." According to the traditional Hopfield model, the cat's tail (stimulus) is enough to put you closest to the valley labeled "cat," he explained, treating the stimulus as an initial condition. But how did you get to that spot in the first place?

"The classic Hopfield model does not carefully explain how seeing the tail of the cat puts you in the right place to fall down the hill and reach the energy minimum," Bullo said. "How do you move around in the space of neural activity where you are storing these memories? It's a little bit unclear."

The researchers' Input-Driven Plasticity (IDP) model aims to address this lack of clarity with a mechanism that gradually integrates past and new information, guiding the memory retrieval process to the correct memory. Instead of applying the two-step algorithmic memory retrieval on the rather static energy landscape of the original Hopfield network model, the researchers describe a dynamic, input-driven mechanism.

"We advocate for the idea that as the stimulus from the external world is received (e.g., the image of the cat tail), it changes the energy landscape at the same time," Bullo said. "The stimulus simplifies the energy landscape so that no matter what your initial position, you will roll down to the correct memory of the cat." Additionally, the researchers say, the IDP model is robust to noise -- situations where the input is vague, ambiguous, or partially obscured -- and in fact uses the noise as a means to filter out less stable memories (the shallower valleys of this energy landscape) in favor of the more stable ones.

"We start with the fact that when you're gazing at a scene your gaze shifts in between the different components of the scene," Betteti said. "So at every instant in time you choose what you want to focus on but you have a lot of noise around." Once you lock into the input to focus on, the network adjusts itself to prioritize it, he explained.

Choosing what stimulus to focus on, a.k.a. attention, is also the main mechanism behind another neural network architecture, the transformer, which has become the heart of large language models like ChatGPT. While the IDP model the researchers propose "starts from a very different initial point with a different aim," Bullo said, there's a lot of potential for the model to be helpful in designing future machine learning systems.

"We see a connection between the two, and the paper describes it," Bullo said. "It is not the main focus of the paper, but there is this wonderful hope that these associative memory systems and large language models may be reconciled."
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How we think about protecting data | ScienceDaily
How should personal data be protected? What are the best uses of it? In our networked world, questions about data privacy are ubiquitous and matter for companies, policymakers, and the public.


						
A new study by MIT researchers adds depth to the subject by suggesting that people's views about privacy are not firmly fixed and can shift significantly, based on different circumstances and different uses of data.

"There is no absolute value in privacy," says Fabio Duarte, principal research scientist in MIT's Senseable City Lab and co-author of a new paper outlining the results. "Depending on the application, people might feel use of their data is more or less invasive."

The study is based on an experiment the researchers conducted in multiple countries using a newly developed game that elicits public valuations of data privacy relating to different topics and domains of life.

"We show that values attributed to data are combinatorial, situational, transactional, and contextual," the researchers write.

The paper, "Data Slots: tradeoffs between privacy concerns and benefits of data-driven solutions," is published in Nature: Humanities and Social Sciences Communications. The authors are Martina Mazzarello, a postdoc in the Senseable City Lab; Duarte; Simone Mora, a research scientist at Senseable City Lab; Cate Heine PhD '24 of University College London; and Carlo Ratti, director of the Senseable City Lab.

The study is based around a card game with poker-type chips the researchers created to study the issue, called Data Slots. In it, players hold hands of cards with 12 types of data -- such as a personal profile, health data, vehicle location information, and more -- that relate to three types of domains where data are collected: home life, work, and public spaces. After exchanging cards, the players generate ideas for data uses, then assess and invest in some of those concepts. The game has been played in-person in 18 different countries, with people from another 74 countries playing it online; over 2,000 individual player-rounds were included in the study.




The point behind the game is to examine the valuations that members of the public themselves generate about data privacy. Some research on the subject involves surveys with pre-set options that respondents choose from. But in Data Slots, the players themselves generate valuations for a wide range of data-use scenarios, allowing the researchers to estimate the relative weight people place on privacy in different situations.

The idea is "to let people themselves come up with their own ideas and assess the benefits and privacy concerns of their peers' ideas, in a participatory way," Ratti explains.

The game strongly suggests that people's ideas about data privacy are malleable, although the results do indicate some tendencies. The data privacy card whose use players most highly valued was for personal mobility; given the opportunity in the game to keep it or exchange it, players retained it in their hands 43 percent of the time, an indicator of its value. That was followed in order by personal health data, and utility use. (With apologies to pet owners, the type of data privacy card players held on to the least, about 10 percent of the time, involved animal health.)

However, the game distinctly suggests that the value of privacy is highly contingent on specific use-cases. The game shows that people care about health data to a substantial extent but also value the use of environmental data in the workplace, for instance. And the players of Data Slots also seem less concerned about data privacy when use of data is combined with clear benefits. In combination, that suggests a deal to be cut: Using health data can help people understand the effects of the workplace on wellness.

"Even in terms of health data in work spaces, if they are used in an aggregated way to improve the workspace, for some people it's worth combining personal health data with environmental data," Mora says.

Mazzarello adds: "Now perhaps the company can make some interventions to improve overall health. It might be invasive, but you might get some benefits back."

In the bigger picture, the researchers suggest, taking a more flexible, user-driven approach to understanding what people think about data privacy can help inform better data policy. Cities -- the core focus on the Senseable City Lab -- often face such scenarios. City governments can collect a lot of aggregate traffic data, for instance, but public input can help determine how anonymized such data should be. Understanding public opinion along with the benefits of data use can produce viable policies for local officials to pursue.

"The bottom line is that if cities disclose what they plan to do with data, and if they involve resident stakeholders to come up with their own ideas about what they could do, that would be beneficial to us," Duarte says. "And in those scenarios, people's privacy concerns start to decrease a lot."
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The key to spotting dyslexia early could be AI-powered handwriting analysis | ScienceDaily
A new University at Buffalo-led study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.


						
The work, presented in the journal SN Computer Science, aims to augment current screening tools which are effective but can be costly, time-consuming and focus on only one condition at a time.

It could eventually be a salve for the nationwide shortage of speech-language pathologists and occupational therapists, who each play a key role in diagnosing dyslexia and dysgraphia.

"Catching these neurodevelopmental disorders early is critically important to ensuring that children receive the help they need before it negatively impacts their learning and socio-emotional development. Our ultimate goal is to streamline and improve early screening for dyslexia and dysgraphia, and make these tools more widely available, especially in underserved areas," says the study's corresponding author Venu Govindaraju, PhD, SUNY Distinguished Professor in the Department of Computer Science and Engineering at UB.

The work is part of the National AI Institute for Exceptional Education, which is a UB-led research organization that develops AI systems that identify and assist young children with speech and language processing disorders.

Builds upon previous handwriting recognition work

Decades ago, Govindaraju and colleagues did groundbreaking work employing machine learning, natural language processing and other forms of AI to analyze handwriting, an advancement the U.S. Postal Service and other organizations still use to automate the sorting of mail.




The new study proposes similar a framework and methodologies to identify spelling issues, poor letter formation, writing organization problems and other indicators of dyslexia and dysgraphia.

It aims to build upon prior research, which has focused more on using AI to detect dysgraphia (the less common of the two conditions) because it causes physical differences that are easily observable in a child's handwriting. Dyslexia is more difficult to spot this way because it focuses more on reading and speech, though certain behaviors like spelling offers clues.

The study also notes there is a shortage of handwriting examples from children to train AI models with.

Collecting samples from K-5 students

To address these challenges, a team of UB computer scientists led by Govindaraju gathered insight from teachers, speech-language pathologists and occupational therapists to help ensure the AI models they're developing are viable in the classroom and other settings.

"It is critically important to examine these issues, and build AI-enhanced tools, from the end users' standpoint," says study co-author Sahana Rangasrinivasan, a PhD student in UB's Department of Computer Science and Engineering.




The team also partnered with study co-author Abbie Olszewski, PhD, associate professor in literacy studies at the University of Nevada, Reno, who co-developed the Dysgraphia and Dyslexia Behavioral Indicator Checklist (DDBIC) to identify symptoms overlapping between dyslexia and dysgraphia.

The team collected paper and tablet writing samples from kindergarten through 5th grade students at an elementary school in Reno. This part of the study was approved by an ethics board, and the data was anonymized to protect student privacy.

They will use this data to further validate the DDBIC tool, which focuses on 17 behavioral cues that occur before, during and after writing; train AI models to complete the DDBIC screening process; and compare how effective the models are compared to people administering the test.

Work emphasizes AI for public good

The study describes how the team's models can be used to:
    	Detect motor difficulties by analyzing writing speed, pressure and pen movements.
    	Examine visual aspects of handwriting, including letter size and spacing.
    	Convert handwriting to text, spotting misspellings, letter reversals and other errors.
    	Identify deeper cognitive issues based on grammar, vocabulary and other factors.

Finally, it discusses a tool that combines all these models, summarizes their findings, and provides a comprehensive assessment.

"This work, which is ongoing, shows how AI can be used for the public good, providing tools and services to people who need it most," says study co-author Sumi Suresh, PhD, a visiting scholar at UB.

Additional co-authors include Bharat Jayarman, PhD, director of the Amrita Institute of Advanced Research and professor emeritus in the UB Department of Computer Science and Engineering; and Srirangaraj Setlur, principal research scientist at the UB Center for Unified Biometrics and Sensors.
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Handy octopus robot can adapt to its surroundings | ScienceDaily
Scientists inspired by the octopus's nervous system have developed a robot that can decide how to move or grip objects by sensing its environment.


						
The team from the University of Bristol's Faculty of Science and Engineering designed a simple yet smart robot which uses fluid flows of air or water to coordinate suction and movement as octopuses do with hundreds of suckers and multiple arms.

The study, published today in the journal Science Robotics, shows how a soft robot can use suction flow not just to stick to things, but also to sense its environment and control its own actions -- just like an octopus. A single suction system enables the robot to grab delicate items, sense whether it's touching air, water, or a rough surface, and even predict how hard something is pulling on it -- all at once, without needing a central computer.

Lead author Tianqi Yue explained: "Last year, we developed an artificial suction cup that mimicked how octopuses stick to rocks using soft materials and water sealing.

"This research brings that work on, from using a suction cup like an octopus sucker to connect to objects to using 'embodied suction intelligence' -- mimicking key aspects of the neuromuscular structure of the octopus in soft robotic systems."

The suction intelligence works at two levels: by coupling suction flow with local fluidic circuitry, soft robots can achieve octopus-like low-level embodied intelligence, including gently grasping delicate objects, adaptive curling and encapsulating objects of unknown geometries. By decoding the pressure response from a suction cup, robots can achieve high-level perception including contact detection, classification of environment and surface roughness, as well as prediction of interactive pulling force.

This simple and low-cost suction intelligence could lead to a new generation of soft robots that are safer, smarter and more energy-efficient. Potential uses include picking fruit gently in agriculture, handling fragile items in factories, anchoring medical tools inside the human body, or creating soft toys and wearable tools that can interact safely with people.

The team are currently working on making the system smaller and more robust for real-world use. They also aim to combine it with smart materials and AI to improve its adaptability and decision-making in complex environments.

"It's fascinating how a simple suction cup, with no electronics inside, can feel, think and act -- just like an octopus arm," concluded Tianqi. "This could help robots become more natural, soft and intuitive to use."
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'Sweet spot' for focused ultrasound to provide essential tremor relief | ScienceDaily
For millions of people around the world with essential tremor, everyday activities from eating and drinking to dressing and doing basic tasks can become impossible. This common neurological movement disorder causes uncontrollable shaking, most often in the hands, but it can also occur in the arms, legs, head, voice, or torso. Essential tremor impacts an estimated 1 percent of the worldwide population and around 5 percent of people over 60. Investigators from Mass General Brigham identified a specific subregion of the brain's thalamus that, when included during magnetic resonance-guided focused ultrasound (MRgFUS) treatment, can result in optimal and significant tremor improvements while reducing side effects. Their results are published in Science Advances.


						
"This one-time, noninvasive treatment can have immediate, long-lasting and lifechanging effects for patients and was pioneered here at Brigham and Women's Hospital 30 years ago," said co-senior author G. Rees Cosgrove, MD, FRCSC, director of functional neurosurgery at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "The results of this study will help make the procedure even more safe and effective than it already is and will help other centers around the world improve their outcomes."

MRgFUS treatment of essential tremor creates a small, permanent lesion in a specific nucleus in the thalamus that is thought to be part of the brain circuit mediating the disorder and disrupts the tremor-causing activity. The research team analyzed data from 351 thalamotomy patients that were treated across three international hospitals, the largest cohort assessed to date, to identify the optimal location for this procedure and better understand its impacts on clinical improvements and side effects.

The study identified a set of optimal sites and brain connections to target, as well as locations and connections to avoid that lead to side effects. The team then tested whether this 'sweet spot' could be used as a model to predict the outcomes in a cohort of patients treated with the same procedure at another center, which proved true. The more the 'sweet spot' was lesioned, the better the outcome was in all patients' one-year, post-procedure comparison data. According to the researchers, when thalamotomy patients have good tremor control at one year, it is typically sustained over multiple years.

"Seeing how this procedure can make such a huge impact on patients' lives is what motivated me to pursue this research," said lead author Melissa Chua, MD, a senior resident in the Brigham's Department of Neurosurgery. "It is very exciting to have such robust validation and to be moving toward this treatment becoming even more precise and personalized in the future."

Next, the team plans to further analyze patient data to present a more detailed picture of the evolution of this technology and how patient outcomes have improved, to fully understand the parameters that go into achieving long-term tremor control and minimized side effects.

"It is incredible when you can provide a patient with relief from these tremors," Cosgrove said. "It is like a gift when patients who have not been able to sing, speak in public, write, or even drink from a cup for years can once again do so -- we see it in case after case."
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New generation of skin substitutes give hope to severe burns patients | ScienceDaily
Severe burns remain one of the most challenging injuries to treat, causing high disease and death rates worldwide, but Australian researchers have flagged some promising new approaches that could save lives and dramatically improve patient recovery.


						
In a comprehensive review published in Advanced Therapeutics, researchers from the University of South Australia (UniSA), University of Adelaide and Royal Adelaide Hospital (RAH) explore the latest advancements in dermal substitutes -- biochemicals used to replace damaged skin -- with a particular focus on combating infection and enhancing tissue regeneration following catastrophic burns.

The researchers say that despite decades of progress, traditional treatments such as skin grafting often fail to provide adequate healing and infection control, leading to prolonged hospital stays and soaring healthcare costs.

According to the lead authors Dr Zlatko Kopecki and Dr Bronwyn Dearman, the urgency to develop safer, more effective solutions has never been greater.

"Infections are a major cause of complications and mortality in burn patients," says Dr Kopecki, a Research Fellow at UniSA's Future Industries Institute.

"We must innovate beyond conventional methods and develop therapies that regenerate tissue while actively preventing infections."

Each year, approximately 2423 Australians are admitted to hospital with burn-related injuries, 74% of whom require surgery, including a skin graft. Globally, 180,000 people die from burns each year, and approximately 10 million are hospitalised, costing healthcare systems $112 billion worldwide.




The review highlights that while many commercial skin substitutes exist, very few offer integrated antimicrobial protection -- a critical factor given the vulnerability of burn wounds to bacterial invasion and sepsis.

The paper discusses emerging technologies such as Kerecis, a novel fish skin graft with inherent antimicrobial properties, and NovoSorb BTM, a synthetic biodegradable matrix that resists bacterial colonisation without relying on antibiotics.

Both products represent a new generation of dermal substitutes with enhanced potential to protect and heal complex burns.

Kerecis comes from wild Atlantic cod, caught from a sustainable fish stock in pristine Icelandic waters and processed using renewable energy. It stands out for retaining natural omega-3 fatty acids, which have strong antimicrobial effects and promote wound healing.

Meanwhile, NovoSorb BTM's unique polyurethane matrix offers structural resilience even in infected wounds, providing a vital scaffold for tissue regeneration.

"These materials demonstrate a shift towards multifunctional therapies that combine structural support with infection resistance," says Dr Dearman, Principal Medical Scientist for the Skin Engineering Laboratory at the RAH and an Adjunct Lecturer at the University of Adelaide.




"Such innovations are crucial, particularly as antibiotic-resistant infections continue to rise globally," she says.

The review calls for the next wave of research to integrate active antimicrobial agents directly into 3D dermal scaffolds that support cell growth, reducing the reliance on antibiotics and temporary dressings.

Beyond infection control, the research points to scarless healing as the future frontier of burn care.

By combining smart biomaterials with cell-based therapies, scientists aim to regenerate skin that restores its full function -- an outcome that could revolutionise the recovery for millions of burn survivors worldwide.

The research team includes experts from the Future Industries Institute at UniSA, the Adult Burn Service at the Royal Adelaide Hospital, and the Faculty of Health and Medical Sciences at the University of Adelaide.
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Digital lab for data- and robot-driven materials science | ScienceDaily
Researchers at the University of Tokyo and their collaborators have developed a digital laboratory system that fully automates the material synthesis and the structural and physical property evaluation of thin-film samples. With the digital laboratory, or dLab, the team can autonomously synthesize thin-film samples and measure their material properties. The system demonstrates advanced automatic and autonomous material synthesis for data- and robot-driven materials science.


						
The current research is published in the journal Digital Discovery.

Machine learning, robotics and data are deemed vital to the discovery of new materials. However, although data collection is an essential component, there is a bottleneck in that part of the experimental process.

So, researchers constructed a digital laboratory with interconnected apparatuses for solid materials research. They used robots to collect experimental data, such as synthesis processes, and measured physical properties, including measurement conditions. Their dLab consists of a variety of modular experimental instruments that are physically interconnected. This allows researchers to fully automate processes from material synthesis to a wide range of measurements for surface microstructures, X-ray diffraction patterns, Raman spectra (a chemical analysis technique using scattered light), electrical conductivity and optical transmittance.

The dLab consists of two systems. One system integrates experimental instruments to perform automated materials synthesis and measurements, while the other handles data collection and analysis. Each measurement instrument provides data outputted in an XML format data storage called MaiML, which is collected in a cloud-based database. Then, the data is analyzed by software and utilized on the cloud.

"We demonstrated that the system can autonomously synthesize a thin-film material specified by a researcher," said Professor Taro Hitosugi of the University of Tokyo's Graduate School of Science. Using dLab, his team demonstrated the autonomous synthesis of lithium-ion positive-electrode thin films and their structural evaluation via X-ray diffraction pattern measurements.

In recent years, machine learning and robotics have provided researchers with new ways to conduct automatic and autonomous experiments. "Today, laboratories are not merely the places to house experimental instruments, but rather the factories for producing materials and data, where experimental equipment operates as a system," said Hitosugi.




By assigning repetitive experimental tasks to robot systems controlled by machine learning, researchers can synthesize, measure and analyze a large number of samples, thereby generating extensive data. This data- and robot-driven science, along with the standardization of materials synthesis and measurement instruments, and the automation of data collection, will significantly impact how research is conducted.

"Our current work addresses the challenges of accelerating research in materials science," said Hitosugi. "Our approach enhances the use of data in research. We aim to create a research environment where researchers can focus on creativity. Introducing machine learning and robotics will further advance materials science, deepening theory and finding new materials."

However, even with the recent progress, the modularization and standardization in solid materials research is still rudimentary. One factor contributing to this is the lack of established standards for the shapes and sizes of samples and sample holders. Solid materials are available in a variety of physical shapes, including powder and bulk forms. Researchers need standardized sample shapes and sample holders. A unified format for measurement data is also lacking, complicating data collection. The Japan Analytical Instruments Manufacturers Association (JAIMA) has collaborated with member companies and the Ministry of Economy, Trade and Industry, to establish a data format called the Measurement Analysis Instrument Markup Language (MaiML). MaiML was registered as the Japanese Industrial Standard in 2024. This standardized format provides a unified format for data collection and use.

Looking ahead, the team hopes to improve the system by standardizing the orchestration software and scheduling. This would allow the researchers to expand the materials explorations and to manage tasks for multiple samples more efficiently. Their goal is to leverage dLab to accelerate material development. "We aim to digitalize the research and development environment, foster researchers who can utilize these technologies, and facilitate data sharing and utilization" said collaborating researcher and lead author Kazunori Nishio, a specially appointed associate professor at the Institute of Science Tokyo. "This environment will fully leverage the creativity of researchers."
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Got data? Breastfeeding device measures babies' milk intake in real time | ScienceDaily
While breastfeeding has many benefits for a mother and her baby, it has one major drawback: It's incredibly difficult to know how much milk the baby is consuming.


						
To take the guesswork out of breastfeeding, an interdisciplinary team of engineers, neonatologists and pediatricians at Northwestern University has developed a new wearable device that can provide clinical-grade, continuous monitoring of breast milk consumption.

The unobtrusive device softly and comfortably wraps around the breast of a nursing mother during breastfeeding and wirelessly transmits data to a smartphone or tablet. The mother can then view a live graphical display of how much milk her baby has consumed in real time.

By eliminating uncertainty, the device can provide peace of mind for parents during their baby's first days and weeks. In particular, the new technology could help reduce parental anxiety and improve clinical management of nutrition for vulnerable babies in the neonatal intensive care unit (NICU).

The study will be published on Wednesday (May 14) in the journal Nature Biomedical Engineering. To ensure its accuracy and practicality, the device endured several stages of rigorous assessments, including theoretical modeling, benchtop experiments and testing on a cohort of new mothers in the hospital.

"Knowing exactly how much milk an infant is receiving during breastfeeding has long been a challenge for both parents and healthcare providers," said Northwestern's John A. Rogers, who led the device development. "This technology eliminates that uncertainty, offering a convenient and reliable way to monitor milk intake in real time, whether in the hospital or at home."

"Uncertainty around whether an infant is getting sufficient nutrition can cause stress for families, especially for breastfeeding mothers with preterm infants in the NICU," said Dr. Daniel Robinson, a Northwestern Medicine neonatologist and co-corresponding author of the study. "Currently, only cumbersome ways exist for measuring how much milk a baby has consumed during breastfeeding, such as weighing the baby before and after they have fed. We expect this sensor to be a big advance in lactation support, reducing stress for families and increasing certainty for clinicians as infants make progress with breastfeeding but still need nutritional support. Reducing uncertainty and helping families achieve their breastfeeding goals will lead to healthier children, healthier mothers and healthier communities."

A bioelectronics pioneer, Rogers is the Louis Simpson and Kimberly Querrey Professor of Materials Science and Engineering, Biomedical Engineering and Neurological Surgery at Northwestern -- where he has appointments in the McCormick School of Engineering and Feinberg School of Medicine -- and the director of the Querrey Simpson Institute for Bioelectronics (QSIB). Robinson is an associate professor of pediatrics at Feinberg and an attending physician in the division of neonatology at Ann & Robert H. Lurie Children's Hospital of Chicago. Rogers and Robinson co-led the study with Dr. Craig Garfield, a professor of pediatrics at Feinberg and attending physician at Lurie Children's, and Dr. Jennifer Wicks, a pediatrician at Lurie Children's.




Three postdoctoral researchers at QSIB contributed equally to the project, each of whom is now a faculty member in Korea: Jiyhe Kim, an assistant professor at Ajou University, led the device design and supported clinical trials; Seyong Oh, an assistant professor at Hanyang University, engineered the wireless electronics; and Jae-Young Yoo, an assistant professor at Sungkyunkwan University, developed methods for data analytics. Kim and Oh are co-first authors with Raudel Avila, an assistant professor of mechanical engineering at Rice University and Northwestern Ph.D. graduate, who led the computational modeling.

Addressing an unmet need

The project started four years ago, when neonatologists and pediatricians at Lurie Children's approached Rogers' team with a critical unmet need. Because the transfer of milk from mother to baby during breastfeeding is not visible and the flow of milk varies, it's nearly impossible to know the precise volume of milk a baby consumes in one sitting.

"Currently, there are no reliable ways to know how much babies are eating when they are breastfeeding," said Wicks, who is a mother of three. "Some pediatricians and lactation consultants will use scales to weigh a baby before and after feeding, and that measurement gives a decent estimate of the amount of milk the baby drank. But unfortunately, baby scales are not small, and most people do not own baby scales. So, while that can provide an estimate, it's not convenient."

As another option, mothers can pump breastmilk into a bottle. While bottle-feeding offers precise volume measurements and visual reassurance that the baby is consuming milk, it removes the benefits of skin-to-skin contact. And the extra steps of pumping, storing and handling milk are time-consuming and can even increase the risk of bacterial contamination.

"There are several advantages to breastfeeding at the breast compared to feeding breast milk with a bottle," Wicks said. "First and foremost, that skin-to-skin bond is beneficial for both babies and moms. Additionally, milk production is oftentimes stimulated better by actual breastfeeding."

Although other academic researchers and small startup companies have explored technologies to monitor aspects of breast milk and feeding, peer-reviewed studies are scarce.




"Based on our reviews of the scientific literature and our discussions with pediatricians and neonatologists, there are no clinically validated technologies that address this important medical need," Rogers said. "Our work fills that gap."

Pinpointing the right strategy

Rogers' team previously developed soft, flexible wireless body sensors for monitoring babies in the NICU as well as wearable sensors for tracking the drainage of fluid flow through shunts, which are commonly used to treat patients with hydrocephalus. With experience working with vulnerable populations and developing devices capable of measuring fluid flow, Rogers and his team were ideal candidates for the project.

"Our clinical colleagues asked us whether we could develop a sensor that would allow new mothers to determine how much milk their babies are consuming during a nursing session," Rogers said. "At first, we weren't sure how to approach the problem. The strategies we used to track flow through shunts as they pass through locations superficially below the skin don't work because milk ducts lie too far beneath the skin's surface."

After years of failed attempts based on methods to monitor the optical properties of the breast, to quantify suckling motions, to track swallowing events and several others, the engineers finally settled on a remarkably simple technique. The device sends a tiny, safe electrical current through the breast using two small pads, or electrodes, placed on the skin. Another pair of electrodes captures the voltage difference associated with that current.

As the baby drinks milk, the amount of milk in the breast decreases. This reduction leads to a change in the electrical properties of the breast in a subtle but measurable manner. These changes directly relate to the amount of milk removed from the breast. The larger the amount, the bigger the change in electrical properties. Though subtle, that change can be accurately calibrated and quantified for real-time display on a smartphone during breastfeeding.

"This is a concept called bioimpedance, and it's commonly used to measure body fat," Rogers said. "Because muscle, fat, bone and tissues conduct electricity differently, bioimpedance can yield an accurate measurement of fat content. In a conceptually similar way, we can quantify the change in milk volume within the breast. This was the last strategy we tried, unfortunately. But fortunately, we found that we were able to make it work really well."

Rigorous testing

After designing initial prototypes, the engineering team optimized it through several stages of testing and modeling. First, they built simplified models of a breast using materials that mimic the electrical properties of skin, fat and milk. By precisely controlling the amount of "milk" in these models, the researchers could see how the device's data changed as the volume of "milk" changed.

Led by Avila at Rice, the team then created detailed computer models of the breast, based on real anatomy. Their physics-based computer simulations monitored the physiological changes that occur during breastfeeding. Using bioimpedance, Avila linked the flow of electrical signals to the amount of milk leaving the breast in real time. His team's anatomically correct computer models incorporate patient-specific breast shapes and tissue distributions, enabling them to test how sensor placement and tissue variation affect readings.

"Our simulation results matched the trends of experiments and human clinical studies," Avila said. "Connecting our models to impact in the real world is always a highlight, and it's only possible through the collaboration among experimental, modeling and clinical teams."

Personalized for all shapes and sizes

The resulting device is a thin, soft, pliable cord that lightly wraps around the outer circumference of the breast. Electrodes, which gently adhere to the skin, are integrated into each end of the cord. A small, lightweight "base station," which also softly mounts onto the skin, sits in the middle of the cord between the electrodes. Enclosed in a soft, silicone case, the base station holds a small rechargeable battery, Bluetooth technology for wireless data transfer and a memory chip.

Because every mother has differences in breast density, shape and size, the device can be personalized through a single calibration. To calibrate the system, the mother wears the device while using a breast pump connected to a bottle with volume markings. This enables the user to know the precise volume of milk being expressed over a specific period of time. Meanwhile, the device records the breast's electrical properties throughout the pumping process. This calibration scheme teaches the device how to interpret the changes in electrical signals for each specific mother.

After developing prototypes, the team tested the device on 12 breastfeeding mothers -- both in the NICU and at home. To assess whether the device was consistent and reliable over time, the researchers took multiple measurements from the same mothers, spans of time as long as 17 weeks.

In this first stage of testing, mothers wore the sensor while they pumped as this important step required knowing precisely the amount of milk mothers expressed. In one testing session, the researchers compared the device's data to the difference in the baby's weight before and after breastfeeding. Overall, with the testing during pumping, the results between amounts in the bottle and amounts detected by the sensor were strikingly similar.

Improving care in the NICU

While the device would provide reassurance and useful information to all parents, Robinson and Wicks say NICU babies would benefit the most from careful monitoring. Knowing exactly how much a baby in the NICU is eating is even more critical than for healthy, full-term infants.

These babies often have precise nutritional needs. Premature babies, for example, may have underdeveloped digestive systems, making them more vulnerable to feeding intolerance. Precise feeding volumes can help minimize the risks of developing intestinal disorders and reflux.

"Some babies are limited to a certain number of feeds at a time," Wicks said. "For babies who are born prematurely or who are recovering from a surgery, they can only eat small amounts of milk very slowly. Oftentimes, we cannot allow them to breastfeed because there's no way for us to know how much milk they are getting from mom. Having a sensor to monitor this would enable these babies to breastfeed more successfully with their mom."

Future directions

To become even more user-friendly, the researchers envision the technology eventually could be integrated into comfortable undergarments like breastfeeding bras. This would further enhance the device's ease of use and overall experience for mothers.

The researchers still plan to complete comprehensive comparisons to the pre- and post-feed weighing. The team also aims to ensure the sensor is usable for mothers with a wide range of skin tones. While the current version of the device detects the amount of milk flowing out of the breast, future iterations could measure milk refilling into the breast. Then mothers could track changes in milk production over time. The team also plans to continue optimizing the device so it can glean even more insights, such as milk quality and fat content.

"Breastfeeding can be extremely emotional for mothers, in part due to the uncertainty surrounding how much milk their babies are getting," Wicks said. "It can come with a lot of sadness because mothers feel anxious and like they aren't doing a good job. Oftentimes, mothers experience anxiety, frustration or symptoms of depression and give up on breastfeeding altogether.

"There are many factors that make breastfeeding difficult. Being able to remove one piece of uncertainty and being able to help reassure them that they are producing enough milk will really help decrease some of that stress and anxiety. For all moms around the world -- who are in all different stages of their breastfeeding journeys -- this device will be incredibly helpful. We're looking forward to bringing it to more people."
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New hope against superbugs: Promising antibiotic candidate discovered | ScienceDaily
An international team of researchers, led by the University of Vienna and the Helmholtz Institute for Pharmaceutical Research Saarland, has discovered saarvienin A, a new type of glycopeptide antibiotic. Their findings, now published in Angewandte Chemie International Edition, introduce a compound with strong activity against highly resistant bacterial strains.


						
Antibiotic-resistant infections are on the rise, threatening to make even common diseases deadly again. Without new antibiotics, experts warn that up to 100 million lives could be lost annually by 2050. In search for new compounds, researchers from several institutions, including the University of Vienna and the Helmholtz Institute for Pharmaceutical Research Saarland (HIPS), have turned to the study of actinobacteria -- microorganisms that are well-known for living in unusual environments and producing antibiotics such as vancomycin, rifamycin, and chelocardin. Jaime Felipe Guerrero Garzon from the Division of Pharmacognosy at the University of Vienna's Department of Pharmaceutical Sciences, discovered strong antibiotic activity in extracts from a strain of Amycolatopsis isolated from a Chinese rare earth mine, which prompted further investigation. Martin Zehl, Head of the Mass Spectrometry Center at the University of Vienna, found out that this antibiotic activity was associated with a potentially novel compound of the class glycopeptides. Using mass spectrometry and nuclear magnetic resonance (NMR) spectroscopy, the collaborating team at HIPS identified a completely new molecule: saarvienin A.

Breaking the rules: A glycopeptide with a twist 

Saarvienin A's special feature became clear early on: unlike established glycopeptides such as vancomycin, the new compound does not bind the typical bacterial target involved in cell wall synthesis. Instead, it probably acts through a different, as yet unresolved mechanism. Structural analysis revealed a distinctive architecture: a halogenated peptide core cyclized through an unusual ureido linkage, decorated with a chain of five sugar and aminosugar units -- two of which are completely new to natural products. "We were excited to find that saarvienin A doesn't fit into any known category," said Jaime Felipe Guerrero. "Its unique structure could pave the way for antibiotics that bacteria have never encountered before."

A strong weapon against resistant bacteria 

In close collaboration, researchers at HIPS, led by corresponding author Rolf Muller, characterized the biological activity of saarvienin A, named after Saarbrucken and Vienna. Tests of the new molecule against bacteria focused in particular on "ESKAPE pathogens" -- a notorious group of superbugs known to evade most current antibiotics. The compound showed remarkable acivity against vancomycin-resistant Enterococcus and methicillin-resistant Staphylococcus aureus (MRSA), including 3 ESKAPE pathogens and 26 clinical isolates. It consistently outperformed vancomycin, even against strains already resistant to multiple other antibiotics. "Discovering a new antibiotic is only the beginning," said corresponding author Sergey B. Zotchev from the University of Vienna. "Now we face the fascinating challenge of refining it into a drug candidate suitable for clinical use."

Next steps: Engineering for the clinic 

With the biosynthetic genes for saarvienin A already identified and cloned, the international team plans to use medicinal chemistry and biosynthetic engineering to optimize the molecule. A key goal is to reduce cytotoxicity while maintaining antibacterial activity. Although challenges remain, the discovery of saarvienin A provides much-needed momentum in the fight against antibiotic resistance -- and highlights the potential of unexplored natural sources.
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Sugar-coated nanotherapy dramatically improves neuron survival in Alzheimer's model | ScienceDaily
Scientists at Northwestern University have developed a new approach that directly combats the progression of neurodegenerative diseases like Alzheimer's disease and amyotrophic lateral sclerosis (ALS).


						
In these devastating illnesses, proteins misfold and clump together around brain cells, which ultimately leads to cell death. The innovative new treatment effectively traps the proteins before they can aggregate into the toxic structures capable of penetrating neurons. The trapped proteins then harmlessly degrade in the body.

The "clean-up" strategy significantly boosted the survival of lab-grown human neurons under stress from disease-causing proteins.

Designated as an ACS Editor's Choice article, the study will be published on May 14 in the Journal of the American Chemical Society.

"Our study highlights the exciting potential of molecularly engineered nanomaterials to address the root causes of neurodegenerative diseases," said Northwestern's Samuel I. Stupp, the study's senior author. "In many of these diseases, proteins lose their functional folded structure and aggregate to make destructive fibers that enter neurons and are highly toxic to them.

"By trapping the misfolded proteins, our treatment inhibits the formation of those fibers at an early stage. Early stage, short amyloid fibers, which penetrate neurons, are believed to be the most toxic structures. With further work, we think this could significantly delay progression of the disease."

A pioneer in regenerative medicine, Stupp is the Board of Trustees Professor of Materials Science and Engineering, Chemistry, Medicine and Biomedical Engineering at Northwestern, where he has appointments in the McCormick School of Engineering, Weinberg College of Arts and Sciences and Feinberg School of Medicine. He also is the founding director of the Center for Regenerative Nanomedicine (CRN). Zijun Gao, a Ph.D. candidate in Stupp's laboratory, is the paper's first author.




The Stupp group led the development and characterization of the new therapeutic materials. Co-corresponding author Zaida Alvarez -- a researcher at the Institute for Bioengineering of Catalonia (IBEC) in Spain, former postdoctoral fellow in Stupp's laboratory and current visiting scholar at CRN -- led testing of the therapies in human neurons.

A sugar-coated solution

According to the World Health Organization, as many as 50 million people worldwide might have a neurodegenerative disorder. Most of these diseases are characterized by the accumulation of misfolded proteins in the brain, leading to the progressive loss of neurons. While current treatments offer limited relief, a dire need for new therapies remains.

To tackle this challenge, the researchers turned to a class of peptide amphiphiles, pioneered by the Stupp laboratory, that contain modified chains of amino acids. Peptide amphiphiles are already used in well-known pharmaceuticals including semaglutide, or Ozempic. In fact, the Northwestern investigators developed a similar molecule in 2012 that boosted insulin production.

"The advantage of peptide-based drugs is that they degrade into nutrients," Stupp said. "The molecules in this novel therapeutic concept break down into harmless lipids, amino acids and sugars. That means there are fewer adverse side effects."

Over the years, Stupp's research group has designed many peptide-based materials for different therapeutic purposes. To develop a peptide amphiphile to treat neurodegenerative diseases, his team added an extra ingredient: a natural sugar called trehalose.




"Trehalose is naturally occurring in plants, fungi and insects," Gao said. "It protects them from changing temperatures, especially dehydration and freezing. Others have discovered trehalose can protect many biological macromolecules, including proteins. So, we wanted to see if we could use it to stabilize misfolded proteins."

Instability is key

When added to water, the peptide amphiphiles self-assembled into nanofibers coated with trehalose. Surprisingly, the trehalose destabilized the nanofibers. Although it seems counterintuitive, this decreased stability exhibited a beneficial effect.

By themselves, the nanofibers are strong and well-ordered -- and resistant to rearranging their structure. That makes it more difficult for other molecules, like misfolded proteins, to integrate into the fibers. Less stable fibers, on the other hand, became more dynamic -- and more likely to find and interact with toxic proteins.

"Unstable assemblies of molecules are very reactive," Stupp said. "They want to interact with and bond to other molecules. If the nanofibers were stable, they would happily ignore everything around them."

Searching for stability, the nanofibers bonded to amyloid-beta proteins, a key culprit implicated in Alzheimer's disease. But the nanofibers didn't just stop the amyloid-beta proteins from clumping together. The nanofibers fully incorporated the proteins into their own fibrous structures -- permanently trapping them into stable filaments.

"Then, it's no longer a peptide amphiphile fiber anymore," Stupp said. "But a new hybrid structure comprising both the peptide amphiphile and the amyloid-beta protein. That means the nasty amyloid-beta proteins, which would have formed amyloid fibers, are trapped. They can no longer penetrate the neurons and kill them. It's like a clean-up crew for misfolded proteins.

"This is a novel mechanism to tackle progression of neurodegenerative diseases, such as Alzheimer's, at an earlier stage. Current therapies rely on the production of antibodies for well-formed amyloid fibers."

Improving neuron survival

To assess the therapeutic potential of the new approach, the scientists conducted laboratory tests using human neurons derived from stem cells. The results showed the trehalose-coated nanofibers significantly improved the survival of both motor and cortical neurons when exposed to the toxic amyloid-beta protein.

Stupp says the novel approach of using unstable nanofibers to trap proteins offers a promising avenue for developing new and effective therapies for Alzheimer's, ALS and other neurodegenerative conditions. Much like cancer treatments combine multiple therapies -- like chemotherapy and surgery or hormone therapy and radiation -- Stupp said the nanotherapy might be most effective when combined with other treatments.

"Our therapy might work best when targeting diseases at an earlier stage -- before aggregated proteins enter cells," Stupp said. "But it's challenging to diagnose these diseases at early stages. So, it could be combined with therapies that target later-stage symptoms of the disease. Then, it could be a double whammy."

The study was supported by the Center for Regenerative Nanomedicine, the Chemistry of Life Processes Institute, the Spanish Ministry of Science, the National Institute on Aging of the National Institutes of Health and the European Union's NextGenerationEU.
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Uncovering compounds that tame the heat of chili peppers | ScienceDaily
When biting into a chili pepper, you expect a fiery sensation on your tongue. This spiciness is detected because of capsaicinoid compounds. But for some peppers, despite high levels of capsaicinoids, the heat is mysteriously dull. Now, researchers reporting in ACS' Journal of Agricultural and Food Chemistry have identified three compounds that lessen peppers' pungency. These results challenge the reliability of the century-old Scoville scale, which traditionally bases its rating on two capsaicinoids.


						
"The discovery of natural dietary compounds that reduce pungency presents promising opportunities for both the food and pharmaceutical industries," says Devin Peterson, the corresponding author of the study.

Capsaicinoids are a group of compounds that produce the strong spicy sensation or pungency that comes with consuming chili peppers. The combined amount of capsaicin and dihydrocapsaicin in a pepper is used to calculate its heat intensity rating on the Scoville scale, ranging from zero Scoville Heat Units (SHU) for bell peppers to millions of SHU for the hottest peppers. However, some of these fruits have less heat than would be expected from their Scoville rating, which suggests that something else in the pepper influences that spicy sensation. So, Peterson, Joel Borcherding and Edisson Tello wanted to investigate multiple chili pepper varieties for potential spiciness suppressors.

Initially, they collected dry, powdered samples from 10 types of peppers, including Chile de arbol, serrano, African bird's eye, Fatalii and Scotch bonnet. The amount of capsaicin and dihydrocapsaicin in each was determined by liquid chromatography mass spectrometry. Then a trained panel of taste testers evaluated the intensity of the powders in tomato juice. Each mixture had 800 SHU (a level meant to be spicy but tolerable). Despite the same amount of capsaicin and dihydrocapsaicin in each tasting sample, the 10 peppers' perceived heat intensities ranged significantly, suggesting other chemical constituents in the peppers impacted the sensation.

After additional chemical composition analyses on the pepper powders and performing complex statistical analysis, the researchers identified five compounds that could be modulating pepper spiciness. Another set of panelists assessed whether these compounds, alone or in combination, changed the pungency of capsaicin and dihydrocapsaicin. Three of the five compounds (capsianoside I, roseoside and gingerglycolipid A) reduced the heat intensity, though they didn't have an additive effect when combined. In addition, none of the spiciness suppressors had a noticeable flavor in water.

"These advancements could enable the customization of desirable spicy flavor profiles or lead to the creation of a household ingredient designed to tone down excessive heat in dishes -- the anti-spice," says Peterson. "Additionally, they hold significant medical potential in the design of (non-opioid) analgesic agents for pain management."

The authors acknowledge funding from the Flavor Research and Education Center at The Ohio State University. 
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Astronomers take a second look at twin star systems | ScienceDaily
Apples-to-apples comparisons in the distant universe are hard to come by.


						
Whether the subject is dwarf galaxies, supermassive black holes, or "hot Jupiters," astronomers can spend months or years searching for comparable objects and formations to study. And it is rarer still when those objects are side-by-side.

But a new Yale study offers a road map for finding "twin" planetary systems -- showing whether binary stars that orbit each other, and that were born at the same time and place, tend to host similar orbiting planets. The study's authors found that certain orientations of twin star systems may provide critical information about planet formation, while also being easier for astronomers to discover planets within the systems.

The side-by-side, "edge on" configuration of certain binary star systems potentially allows astronomers to do comparative studies, in the same way that doctors study human twins to gain knowledge about biological and behavioral mechanisms.

"This could be an unprecedented avenue for examining how deterministic, or orderly, the process of planet formation is," said Malena Rice, an assistant professor of astronomy in Yale's Faculty of Arts and Sciences and senior author of the new study.

The study appears in The Astrophysical Journal Letters. The first author is Joseph Hand, an undergraduate at the University of Kansas who conducted the research as a Dorrit Hoffleit Undergraduate Research Scholar, a Yale fellowship named in honor of the longtime Yale astronomer. Konstantin Gerbig, a Ph.D. candidate in Yale's Graduate School of Arts and Sciences, is co-author of the study.

In earlier work, Rice identified an unexpectedly large number of binary systems with orbits that are perfectly aligned, meaning that the two binary stars and their planets orbit on the same geometrical plane. In such systems, the companion star can serve as a stabilizer for the planets' orbits, preventing dramatic long-term climate variations that may otherwise be destructive to life as we know it.




These "edge-on" binary systems, because of their alignment, are also excellent candidates for the detection of new planets, according to the researchers: the stars wobble directly toward and away from Earth, creating a signal boost.

For the study, the team identified nearly 600 edge-on binary star systems based on data from the European Space Agency's Gaia DR3 catalogue of high-precision stellar astrometry. Drawing from the Gaia dataset, the researchers found the brightest nearby binary star systems, measured their orbits, and simulated the set of expected planets waiting to be discovered orbiting each star.

The result, researchers say, is essentially a prediction for locations in the sky where planet-hunters are more likely to find new planets to identify and characterize -- and, for the first time, to compare planets across stars in the same system.

"We outline how this could, for the first time, be used to conduct comparative studies of planet formation where we have a control sample -- that is, a second planetary system born together with the first planetary system," Rice said.

The work was funded by the Dorrit Hoffleit Undergraduate Research Scholarship program and support from the Heising-Simons Foundation.
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Making connections: A three-dimensional visualization of musculoskeletal development | ScienceDaily
The musculoskeletal system plays an indispensable role in supporting our life, as it performs a variety of essential functions -- providing structural support, enabling movement such as walking and lifting, protecting internal organs, maintaining posture, generating heat through muscle activity, and coordinating with the nervous system. One of the many complexities of this system lies in how its components -- tendons, ligaments and cartilage -- establish precise connections during embryonic development. Traditional methods, which often rely on histological analysis of thin tissue segments, have limitations in capturing the spatial organization and dynamic integration of these tissues in a three-dimensional (3D) context. To address this challenge, a research team from Hiroshima University has developed a novel fluorescent mouse model combined with high-resolution imaging techniques. This approach allows for clear and comprehensive visualization of how musculoskeletal components are organized and connected during organogenesis, providing new insights into the complex process of locomotor system development.


						
Researchers published their results in Development on March 26, 2025.

A key feature of this study is the use of a newly developed double-reporter mouse model combined with fluorescent imaging to investigate the complex processes required to form proper connections between cartilaginous and tendinous/ligamentous tissue that connect muscles and skeletal elements during embryogenesis. The double-reporter model enables the simultaneous tracking of two distinct reporter genes. In this study, mice expressing red and green fluorescent proteins in the expression domains of Scx and Sox9, respectively, were used to visualize the desired biological event of interest. The goal of this study is to elucidate how musculoskeletal components are integrated during organogenesis.

"Traditional methods using thin tissue sections have limitations in preserving structural integrity, which makes it difficult to study the 3D organization of these tissues. Our approach overcomes these challenges by combining tissue clearing of a newly established double fluorescent reporter mouse model with high-resolution fluorescence imaging," said Chisa Shukunami, a professor at Hiroshima University's Graduate School of Biomedical and Health Sciences.

The connection between muscle and cartilaginous primordia (early embryonic structures) via tendons, or between cartilaginous primordia via ligaments, must be precisely regulated in both spatial and temporal aspects to ensure the proper formation of a healthy and functional musculoskeletal system. To visualize this process, mouse models expressing fluorescent proteins are commonly used. Fluorescent proteins act as markers by emitting fluorescent light -- causing specific cell populations to glow -- and make it possible to observe where these cells are located and how they behave inside the body. This approach allows scientists to track these cells as they change position over time and to better understand how musculoskeletal tissues are assembled during development.

This study focuses on two molecules with tissue-specific expression patterns. One is Scleraxis (Scx), a basic helix-loop-helix transcription factor expressed during tendon and ligament formation. The other is SRY-box containing gene 9 (Sox9), a transcription factor essential for cartilage development. Mouse lines with ScxTomato and Sox9EGFP were crossed to obtain ScxTomato;Sox9EGFP mice. In the newly established double-reporter mouse model, red fluorescence highlights the Scx-expressing domains, corresponding to sites of tendon and ligament formation, while green fluorescence marks areas where Sox9 is active, indicating regions of cartilage formation.

"By combining double fluorescent reporter mice with Scx-deficient mice, we demonstrated that Scx not only regulates tendon and ligament maturation, but also plays an important role in controlling muscle morphology and its attachment to cartilaginous bone primordia. These findings provide new insights into how the musculoskeletal system is established," said Shukunami.

Additionally, it was found that the Scx+/Sox9+ cells exhibit heterogeneity in the expression levels of Scx and Sox9, meaning that there is some variability in the expression of these cells within the same cell population of cells in a given tissue. Such diversity in expression may be involved not only in developmental processes but also in tendon and ligament regeneration and the onset of related disorders, providing important implications for future research in musculoskeletal disorders.

Researchers hope to combine the double-fluorescent reporter mice with various genetically modified mice to investigate how the musculoskeletal system is established during embryonic development. While much of this research focuses on developing embryos, further investigation on postnatal mice -- using tissue clearing techniques and 3D fluorescent imaging -- may shift toward observing the postnatal maturation of tendons and ligaments. These efforts to uncover how tendons, ligaments and cartilage form connections could provide extremely valuable insights for the development of new diagnostic tools and treatment strategies for age or sport-related injuries related to these tissues.
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New computer language helps spot hidden pollutants | ScienceDaily
Biologists and chemists have a new programming language to uncover previously unknown environmental pollutants at breakneck speed -- without requiring them to code. By making it easier to search massive chemical datasets, the tool has already identified toxic compounds hidden in plain sight.


						
Mass spectrometry data is like a chemical fingerprint, showing scientists what molecules are in a sample such as air, water, or blood, and in what amounts. It helps identify everything from pollutants in water to chemicals in new medicines.

Developed at UC Riverside, Mass Query Language, or MassQL, functions like a search engine for mass spectrometry data, enabling researchers to find patterns that would otherwise require advanced programming skills. Technical details about the language, and an example of how it helped identify flame retardant chemicals in public waterways, are described in a new Nature Methods journal article.

"We wanted to give chemists and biologists, who are generally not also computer scientists, the ability to mine their data exactly how they want to, without having to spend months or years learning to code," said Mingxun Wang, UCR assistant professor of computer science, who created the language.

Demonstrating the effectiveness of the language, Nina Zhao, a UCR postdoctoral student now at UC San Diego, used MassQL to sift through the entire world's mass spectrometry data on water samples that has been made available to the public. She was looking for organophosphate esters, which are generally found in flame retardants.

"There are quite literally a billion measurements of molecules in this data. You cannot go through it manually," said Wang. "However, the language acts like a filter, in a sense, for these chemicals, and it pulled out thousands of them."

In addition to finding known chemicals in the water samples, they also found organophosphate compounds that have not been previously described or catalogued, and some chemicals that are the product of organophosphates breaking down over time.




"These chemicals can cause a lot of problems for human and animal health, and for entire ecosystems. They were designed to be flame retardants or plasticizers, but they can cause endocrine and sexual system disruptions, as well as cardiovascular problems," Zhao said.

Before plans can be made for handling or removing toxic chemicals from our environment, scientists need to know what is present. That's where MassQL comes in handy for scientists like Zhao.

"The language allows me to track everything that's ever been detected in all data on air, soil, water, and even in the human body. Whatever exists, we can search for chemicals in there," she said.

One of the challenges in creating MassQL was in getting a consensus of life scientists to agree on the definition of terms the software would use. "Both chemists and computer scientists have to understand it, and the software has to be able to operate on it," Wang said.

For this reason, about 70 scientists consulted in the development phase. They all gave their feedback on the most important information terms and how to express it in the MassQL language.

The research team also wanted to demonstrate that the language could be useful in a variety of real-life situations. In addition to Zhao's project, the paper details more than 30 applications in which MassQL could be applied.

Sample-use cases include the detection of fatty acids as markers of alcohol poisoning, looking for new drugs to solve the looming antibiotic resistance crisis, learning about the chemicals that bacteria use to communicate with one another, and finding forever chemicals on playgrounds.

In the past, Wang would get requests for software that could look for data patterns specific to all of these different kinds of applications.

"I thought I could do something to save myself time," he said. "I wanted to create one language that could handle multiple kinds of queries. And now we have. I'm excited to hear about the discoveries that could come from this."
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Eldercare robot helps people sit and stand, and catches them if they fall | ScienceDaily
The United States population is older than it has ever been. Today, the country's median age is 38.9, which is nearly a decade older than it was in 1980. And the number of adults older than 65 is expected to balloon from 58 million to 82 million by 2050. The challenge of caring for the elderly, amid shortages in care workers, rising health care costs, and evolving family structures, is an increasingly urgent societal issue.


						
To help address the eldercare challenge, a team of MIT engineers is looking to robotics. They have built and tested the Elderly Bodily Assistance Robot, or E-BAR, a mobile robot designed to physically support the elderly and prevent them from falling as they move around their homes.

E-BAR acts as a set of robotic handlebars that follows a person from behind. A user can walk independently or lean on the robot's arms for support. The robot can support the person's full weight, lifting them from sitting to standing and vice versa along a natural trajectory. And the arms of the robot can them by rapidly inflating side airbags if they begin to fall.

With their design, the researchers hope to prevent falls, which today are the leading cause of injury in adults who are 65 and older.

"Many older adults underestimate the risk of fall and refuse to use physical aids, which are cumbersome, while others overestimate the risk and may not to exercise, leading to declining mobility," says Harry Asada, the Ford Professor of Engineering at MIT. "Our design concept is to provide older adults having balance impairment with robotic handlebars for stabilizing their body. The handlebars go anywhere and provide support anytime, whenever they need."

In its current version, the robot is operated via remote control. In future iterations, the team plans to automate much of the bot's functionality, enabling it to autonomously follow and physically assist a user. The researchers are also working on streamlining the device to make it slimmer and more maneuverable in small spaces.

"I think eldercare is the next great challenge," says E-BAR designer Roberto Bolli, a graduate student in the MIT Department of Mechanical Engineering. "All the demographic trends point to a shortage of caregivers, a surplus of elderly persons, and a strong desire for elderly persons to age in place. We see it as an unexplored frontier in America, but also an intrinsically interesting challenge for robotics."

Bolli and Asada will present a paper detailing the design of E-BAR at the IEEE Conference on Robotics and Automation (ICRA) later this month.




Home support

Asada's group at MIT develops a variety of technologies and robotic aides to assist the elderly. In recent years, others have developed fall prediction algorithms, designed robots and automated devices including robotic walkers, wearable, self-inflating airbags, and robotic frames that secure a person with a harness and move with them as they walk.

In designing E-BAR, Asada and Bolli aimed for a robot that essentially does three tasks: providing physical support, preventing falls, and safely and unobtrusively moving with a person. What's more, they looked to do away with any harness, to give a user more independence and mobility.

"Elderly people overwhelmingly do not like to wear harnesses or assistive devices," Bolli says. "The idea behind the E-BAR structure is, it provides body weight support, active assistance with gait, and fall catching while also being completely unobstructed in the front. You can just get out anytime."

The team looked to design a robot specifically for aging in place at home or helping in care facilities. Based on their interviews with older adults and their caregivers, they came up with several design requirements, including that the robot must fit through home doors, allow the user to take a full stride, and support their full weight to help with balance, posture, and transitions from sitting to standing.

The robot consists of a heavy, 220-pound base whose dimensions and structure were optimized to support the weight of an average human without tipping or slipping. Underneath the base is a set of omnidirectional wheels that allows the robot to move in any direction without pivoting, if needed. (Imagine a car's wheels shifting to slide into a space between two other cars, without parallel parking.)

Extending out from the robot's base is an articulated body made from 18 interconnected bars, or linkages, that can reconfigure like a foldable crane to lift a person from a sitting to standing position, and vice versa. Two arms with handlebars stretch out from the robot in a U-shape, which a person can stand between and lean against if they need additional support. Finally, each arm of the robot is embedded with airbags made from a soft yet grippable material that can inflate instantly to catch a person if they fall, without causing bruising on impact. The researchers believe that E-BAR is the first robot able to catch a falling person without wearable devices or use of a harness.




They tested the robot in the lab with an older adult who volunteered to use the robot in various household scenarios. The team found that E-BAR could actively support the person as they bent down to pick something up from the ground and stretched up to reach an object off a shelf -- tasks that can be challenging to do while maintaining balance. The robot also was able to lift the person up and over the lip of a tub, simulating the task of getting out of a bathtub.

Bolli envisions a design like E-BAR would be ideal for use in the home by elderly people who still have a moderate degree of muscle strength but require assistive devices for activities of daily living.

"Seeing the technology used in real-life scenarios is really exciting," says Bolli.

In their current paper, the researchers did not incorporate any fall-prediction capabilities in E-BAR's airbag system. But another project in Asada's lab, led by graduate student Emily Kamienski, has focused on developing algorithms with machine learning to control a new robot in response to the user's real-time fall risk level.

Alongside E-BAR, Asada sees different technologies in his lab as providing different levels of assistance for people at certain phases of life or mobility.

"Eldercare conditions can change every few weeks or months," Asada says. "We'd like to provide continuous and seamless support as a person's disability or mobility changes with age."

This work was supported, in part, by the National Robotics Initiative and the National Science Foundation.
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Enzymes from scratch | ScienceDaily

"If people could design very efficient enzymes from scratch, you could solve many important problems," said UCSB chemistry professor Yang Yang, a senior author on the paper. De novo design of enzymes could, for instance, overcome limitations in function and stability found in natural catalysts without losing their inherent selectivity and efficiency.

"For fundamental research, chemists and biologists have long been hoping to have the ability to design enzymes from scratch."

Bespoke protein catalysts

Catalysts, both biological and synthetic, are the workhorses of chemistry. They're responsible for enabling and accelerating the reactions that change the structures of target molecules. Enzymes in particular are "nature's privileged catalysts," according to Yang, because of the level of selectivity and efficiency these proteins have in catalyzing reactions.

However, natural enzymes tend to function under narrow conditions, favoring only certain molecules in certain environments. To bring the power of biocatalysis to more molecules, scientists are turning to de novo protein design, a bottom-up approach that uses amino acid building blocks to create proteins with specific structures and functions. The relatively small size of de novo proteins provides favorable efficiency relative to most enzymes; their excellent thermal and organic solvent stability can allow a wider range of temperatures and up to 60% of organic solvents, and it becomes possible to use a variety of cofactors, including those that are not found in nature, to further optimize the proteins for the desired result.

"So here, working with Bill DeGrado's group at UCSF and Peng Liu's group at Pitt, we have a workflow to convert a very simple and miniature helical bundle protein into very efficient and very selective enzymes to catalyze synthetically useful reactions," Yang said of the researchers' proof-of-concept. The project entailed using de novo protein design to create enzymes that can form carbon-carbon, or carbon-silicon bonds, for which "there is a lack of efficient natural enzymes," according to Yang.




Using the helical bundle protein as a framework, they then used state-of-the art artificial intelligence methods to design sequences of amino acids that underlie the protein structures with the desired functionalities and properties to turn the bundle into an enzyme.

"The earlier variants were reasonable catalysts, but they were not the best because the efficiency and selectivity were modest," Yang said of the initial results. Based on X-ray crystallography of the resulting protein, they found a "disorganized loop" in the structure where it was supposed to be a well-organized helix. A second round of design, using a loop searching algorithm this time, resulted in four of 10 designs with high activity and excellent stereoselectivity.

"In other words, although AI-based protein design methods are very useful, to have very good catalysts we still have to use our in-house algorithm and our chemical intuition to get everything done the right way," Yang said.

The success of this project demonstrates that de novo protein design can be a powerful tool in catalysis, one that can give chemists more efficient and selective reactions as well as products that aren't as easily reached with natural enzymes or small-molecule synthetic catalysts.

"If you really understand the design principles, then you can build a protein catalyst to use whatever cofactors you would like to use, and to achieve challenging transformations in water, the greenest solvent, as the reaction medium," Yang said.

Further work in the Yang lab, in collaboration with both the DeGrado lab and the Liu lab, will involve exploring ways to mimic natural enzyme function with simpler, smaller but equally active de novo enzymes, and to generate de novo enzymes that operate via mechanisms not previously known in nature.

Research in this paper was conducted by Kaipeng Hou, Wei Huang, Miao Qui, Thomas H. Tugwell, Turki Alturaifi, Yuda Chen, Xingjie Zhang, Lei Lu, and Samuel I. Mann.
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Researchers demonstrate 3-D printing technology to improve comfort, durability of 'smart wearables' | ScienceDaily
Imagine a T-shirt that could monitor your heart rate or blood pressure. Or a pair of socks that could provide feedback on your running stride.


						
It may be closer than you think, with new research from Washington State University demonstrating a particular 3-D ink printing method for so-called smart fabrics that continue to perform well after repeated washings and abrasion tests. The research, published in the journal ACS Omega, represents a breakthrough in smart fabric comfort and durability, as well as using a process that is more environmentally friendly.

Hang Liu, a textile researcher at WSU and the corresponding author of the paper, said that the bulk of research in the field so far has focused on building technological functions into fabrics, without attention to the way fabrics might feel, fit, and endure through regular use and maintenance, such as washing.

"The materials used, or the technology used, generally produce very rigid or stiff fabrics," said Liu, an associate professor in the Department of Apparel, Merchandising, Design and Textiles. "If you are wearing a T-shirt with 3-D printed material, for example, for sensing purposes, you want this shirt to fit snugly on your body, and be flexible and soft. If it is stiff, it will not be comfortable and the sensing performance will be compromised."

Initial methods of developing smart wearables involved gluing, weaving or sewing functional components such as conductive threads or sensors into fabrics. Newer approaches involving printing have shown promise, but have still faced problems with comfort and maintenance.

Liu's team used direct ink writing 3-D printing technology to print solutions of polybutylene succinate -- a biodegradable polyester that is compatible with natural fibers -- containing carbon nanotubes onto two types of fabric. The printed fabrics showed excellent electrical conductivity, mechanical strength, gauge factor and stability under repeated strains, and the solution's ability to penetrate and bond with fibers gave the fabrics an enhanced washability and resistance to abrasion.

They tested printed fabrics for tensile strength, electrical conductivity, their ability to function as motion sensors, and other qualities. They found the fabrics continued to perform well after 20 cycles of washing and drying, and the surfaces did not scratch or crack after 200 cycles of abrasion testing or 500 cycles of tensile cyclic testing.




The team also used a biodegradable, nontoxic solvent, Cyrene, for processing, which is more environmentally friendly than commonly used toxic solvents.

Smart fabrics are an emerging trend, offering the promise of clothing items that can perform some of the same tasks as smart watches and other such devices. The technology has the potential for applications in health care, for first responders, in the military and for athletes.

The study was a part of the doctoral dissertation of one of Liu's students, Zihui Zhao, who was the lead author. Liu has been working on various elements of smart fabrics for several years; she developed a fiber with the flexibility of cotton and the electrical conductivity of a polymer that could have use in wearable tech, as detailed in a paper published in 2023.

The most recent work on 3-D printing focused on the ability of fabrics to sense and monitor information; developing functional smart wearables will also require power source and data transmission technologies.

"This is only one part of the whole smart system," Liu said.

The research was funded in part by a grant from the National Science Foundation.
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New survey shows privacy and safety tops list of parental concerns about screen time | ScienceDaily
As kids spend more time on screens, a new national survey conducted by Ipsos on behalf of The Kids Mental Health Foundation, founded by Nationwide Children's Hospital, identifies parents' greatest fears for their children around screen time.


						
The top three fears parents have around their child and screen time are: privacy and safety concerns (47%), exposure to misinformation (36%) and not socializing in person (34%). Fewer parents ranked concerns around body image and schoolwork high on their list.

"My biggest concerns with screens are making sure that my kids don't get exposed to things before I'm ready for them to and making sure that people aren't trying to contact them," said Xia Chekwa, a mom of three kids in Columbus, Ohio. "They're aware that not everywhere is a safe place, not everything is a safe thing to watch."

Eight in 10 parents say they actively do something to manage the screen time of kids. Parents who set screen-time boundaries say setting time limits works the best (58%), followed by encouraging offline hobbies (53%) and using parental control apps (34%).

"When it comes to screen time, we can't expect kids to set their own limits and boundaries. because this technology is made to keep us using it," said Ariana Hoet, PhD, executive clinical director of The Kids Mental Health Foundation and a pediatric psychologist at Nationwide Children's. "As parents, we have to pay attention to how much they are using technology -- what they are consuming on it, what are they doing with it, and who are they interacting with through various platforms of games or social media."

The Kids Mental Health Foundation offers free, evidence-informed resources to help parents understand how to set healthy screen time boundaries and understand how phones, tablets, computers and more impact the mental health and well-being of kids.

Dr. Hoet says having conversations with kids about technology and screen time is key.




"Sit with them, watch how they use it, ask them questions, be engaged," said Dr. Hoet. "And not only does that help your child feel like, oh, you're interested in me and what I'm doing, but it helps you learn as the parent or caregiver."

Chekwa believes having a social media plan and setting healthy boundaries with technology now will help her oldest daughter in the future.

"Eventually, there's going to come a time when we're not there," said Chekwa. "And we want to make sure that she knows, and she can decipher and use her intuition for herself and not just because mom and dad said so."

Survey Methodology

This survey was conducted online within the United States by Ipsos on the KnowledgePanel(r) from April 4 to 6, 2025. This poll is based on a nationally representative probability sample of 1,085 adult parents of children under the age of 18. The margin of sampling error is plus or minus 3.2 percentage points at the 95% confidence level, for results based on the entire sample of adults. The margin of sampling error takes into account the design effect, which was 1.14.
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Researchers develop living material from fungi | ScienceDaily
Sustainably produced, biodegradable materials are an important focus of modern materials science. However, when working natural materials such as cellulose, lignin or chitin, researchers face a trade-off. Although these substances are biodegradable in their pure form, they are often not ideal when it comes to performance. Chemical processing steps can be used to make them stronger, more resistant or more supple -- but in doing so, their sustainability is often compromised.


						
Empa researchers from the Cellulose and Wood Materials laboratory have now developed a bio-based material that cleverly avoids this compromise. Not only is it completely biodegradable, it is also tear-resistant and has versatile functional properties. All this with minimal processing steps and without chemicals -- you can even eat it. Its secret: It's alive.

Optimized by nature

As the basis for their novel material, the researchers used the mycelium of the split-gill mushroom, a widespread edible fungus that grows on dead wood. Mycelia are root-like filamentous fungal structures that are already being actively researched as potential sources of materials. Normally, the mycelial fibers -- known as hyphae -- are cleaned and, if necessary, chemically processed, which brings about the above-mentioned trade-off between performance and sustainability.

The Empa researchers chose a different approach. Instead of treating the mycelium, they use it as a whole. As it grows, the fungus not only forms hyphae, but also a so-called extracellular matrix: a network of various fiber-like macromolecules, proteins and other biological substances that the living cells secrete. "The fungus uses this extracellular matrix to give itself structure and other functional properties. Why shouldn't we do the same?" explains Empa researcher Ashutosh Sinha. "Nature has already developed an optimized system," adds Gustav Nystrom, head of the Cellulose and Wood Materials lab.

With a bit of additional optimization, the researchers gave nature a helping hand. From the enormous genetic diversity of the split-gill, they selected a strain that produces particularly high levels of two specific macromolecules: the long-chain polysaccharide schizophyllan and the soap-like protein hydrophobin. Due to their structure, hydrophobins collect at interfaces between polar and apolar liquids, for example water and oil. Schizophyllan is a nanofiber: less than a nanometer thick, but more than a thousand times as long. Together, these two biomolecules give the living mycelium material properties that make it suitable for a wide range of applications.

A living emulsifier

The researchers demonstrated the versatility of their material in the laboratory. In their study, which was published recently in the journal Advanced Materials, they showcased two possible applications for the living material: a plastic-like film and an emulsion. Emulsions are mixtures of two or more liquids that normally do not mix. All you have to do to see an example is open the fridge: Milk, salad dressing or mayonnaise are all emulsions. And various cosmetics, paints and varnishes also take the form of emulsions.




One challenge is to stabilize such mixtures so that they do not separate into the individual liquids over time. This is where the living mycelium shows its strengths: Both the schizophyllan fibers and the hydrophobins act as emulsifiers. And the fungus keeps releasing more of these molecules. "This is probably the only type of emulsion that becomes more stable over time," says Sinha. Both the fungal filaments themselves and their extracellular molecules are completely non-toxic, biologically compatible and edible -- the split-gill mushroom is routinely eaten in many parts of the world. "Its use as an emulsifier in the cosmetics and food industry is therefore particularly interesting," says Nystrom.

From compost bags to batteries

The living fungal network is also suitable for classic material applications. In a second experiment, the researchers manufactured the mycelium into thin films. The extracellular matrix with its long schizophyllan fibers gives the material very good tensile strength, which can be further enhanced by targeted alignment of the fungal and polysaccharide fibers within it.

"We combine the proven methods for processing fiber-based materials with the emerging field of living materials," explains Nystrom. Sinha adds: "Our mycelium is a living fiber composite, so to speak." The researchers can control the fungal material's properties by changing the conditions under which the fungus grows. It would also be conceivable to use other fungal strains or species that produce other functional macromolecules.

Working with the living material also presents certain challenges. "Biodegradable materials always react to their environment," says Nystrom. "We want to find applications where this interaction is not a hindrance but maybe even an advantage." However, its biodegradability is only part of the story for the mycelium. It is also a biodegrader: The split-gill mushrooms can actively decompose wood and other plant materials. Sinha sees another potential application here: "Instead of compostable plastic bags, it could be used to make bags that compost the organic waste themselves," says the researcher.

There are also promising applications for the mycelium in the field of sustainable electronics. For example, the fungal material shows a reversible reaction to moisture and could be used to produce biodegradable moisture sensors. Another application that Nystrom's team is currently working on combines the living material with two other research projects from the Cellulose and Wood Materials laboratory: the fungal biobattery and the paper battery. "We want to produce a compact, biodegradable battery whose electrodes consist of a living 'fungal paper'," says Sinha.
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Remote particle measurement via quantum entanglement | ScienceDaily
Quantum physics keeps challenging our intuition. Researchers at the University of Geneva (UNIGE) have shown that joint measurements can be carried out on distant particles, without the need to bring them together. This breakthrough relies on quantum entanglement -- the phenomenon that links particles across distance as if connected by an invisible thread. The discovery opens up exciting prospects for quantum communication and computing, where information becomes accessible only once it is measured. The team has also compiled a ''catalogue'' classifying different types of measurements and the number of entangled particles required for each. The study is published in Physical Review X.


						
By breaking away from the laws of classical physics, quantum physics has opened the door to describing the behaviour of atoms and particles. This science, which explores the most fundamental building blocks of nature, relies in particular on the ability to measure their individual and collective properties. But such measurements are notoriously challenging: the instruments used are themselves governed by quantum laws, and their interaction with particles can alter the very properties they are meant to observe.

"The field of quantum measurements is still poorly understood because it has received little attention so far. Until now, research has mainly focused on the states of quantum systems themselves, which feature properties -- like entanglement or superposition -- that are more directly applicable to areas such as quantum cryptography or quantum computing," explains Alejandro Pozas Kerstjens, Senior Research and Teaching Assistant in the Department of Applied Physics, Physics Section, at the UNIGE Faculty of Science.

Particles linked by an invisible thread

These measurements are essential for the development of future technologies such as quantum communication, which relies on encoding information into, for instance, particles of light (photons). To access this information, the particles must first be measured. A central question is whether it's possible to perform a joint measurement on two or more separate particles -- each carrying part of the information -- without physically bringing them together.

In a new study, a team from the UNIGE Department of Physics composed of Jef Pauwels, Alejandro Pozas Kerstjens, Flavio Del Santo, and Nicolas Gisin, demonstrates that certain simple yet fundamental measurements can be performed on separate particle systems, as long as the measurement devices share entangled particles. Entanglement, a cornerstone of quantum physics, links two or more particles so that the state of one instantly determines the state of the other. Measuring one particle immediately reveals the corresponding property in the other, regardless of the distance between them.

"However, there's a twist: depending on their complexity, some measurements require more -- or fewer -- entangled particles to be performed properly," explains Alejandro Pozas Kerstjens. To address this, the research team has developed a classification system -- a kind of catalogue -- that maps out different types of measurements and the entanglement resources needed to carry them out.

Promising applications

These results represent a step toward a more systematic understanding of measurements in quantum systems. They could find applications not only in quantum communication but also in quantum computing. For instance, in classical computer simulations, calculations are split across multiple machines, and the results are then brought together. A similar approach is being considered for quantum computers, but here, reading the results involves performing measurements across several machines.

"Thanks to our joint remote measurement protocols, it would be possible to eliminate the need for centralization: each quantum computer would measure its own part, and the overall result could be reconstructed without any physical transfer of data. This is a promising direction that we plan to explore further," concludes the researcher.
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Scientists define the ingredients for finding natural clean hydrogen | ScienceDaily
Researchers at the University of Oxford, Durham University and the University of Toronto have detailed the geological ingredients required to find clean sources of natural hydrogen beneath our feet. The work details the requirements for natural hydrogen, produced by the Earth itself over geological time, to accumulate in the crust, and identifies that the geological environments with those ingredients are widespread globally. These findings, published today in the journal Nature Reviews Earth & Environment, offer a solution to the challenge of hydrogen supply, and will help industry to locate and extract natural hydrogen to meet global demands, eliminating the use of hydrocarbons for this purpose.


						
In the modern world, a reliable supply of hydrogen gas is vital for the function of society. Fertiliser produced from hydrogen contributes to the food supply of half the global population, and hydrogen is also a key energy component in many roadmaps to a carbon neutral future, essential if we are to prevent the worst predictions of climate change.

Today, hydrogen is produced from hydrocarbons, with waste gases contributing to 2.4% of global CO2 emissions. Demand for hydrogen is set to increase from 90 million tonnes in 2022 to 540 million tonnes in 2050, but it is vital that this hydrogen is not CO2 emitting. Production followed by the burial of waste CO2 ('carbon sequestration') or from renewable energy resources (wind or solar) are both future sources of hydrogen, but are not yet commercially competitive.

New research from the University of Oxford, in collaboration with Durham University and the University of Toronto, provides a solution. In the last billion years, enough hydrogen gas has been produced by the Earth's continental crust to supply humankind's energy needs for at least 170,000 years. Whilst a proportion of this has been lost, consumed, or is inaccessible today, the remaining hydrogen could offer a natural (and emission-free) source of this natural resource.

Until now, limited historical hydrogen sampling and measurement have restricted scientists' current understanding of where, and how much, hydrogen is located in the crust. An exploration recipe is critical to find accessible and commercially viable accumulations of natural geological hydrogen.

Study co-author Professor Jon Gluyas (Durham University), notes: "We have successfully developed an exploration strategy for helium and a similar 'first principles' approach can be taken for hydrogen."

This research outlines the key ingredients needed to inform an exploration strategy to find different 'hydrogen systems.' This includes how much hydrogen is produced and the rock types and conditions these occur in, how the hydrogen migrates underground from these rocks, the conditions that allow a gas field to form, and the conditions that destroy the hydrogen.




Study co-author Professor Barbara Sherwood Lollar (University of Toronto) said: "We know for example that underground microbes readily feast on hydrogen. Avoiding environments that bring them into contact with the hydrogen is important in preserving hydrogen in economic accumulations."

The authors outline where understanding of these ingredients is strong, and highlight areas that need more work -- such as rock reaction efficiencies and how geological histories can bring the right rocks together with the water that reacts with it.

Some sources of hydrogen gas, such as from the Earth's mantle, have fuelled much speculation and hyperbole -- but this research shows that these are not viable sources. Instead, the authors showed that the ingredients for a complete hydrogen system can be found in a range of common geological settings within the crust. Some of these can be geologically quite young, forming hydrogen 'recently' (millions to tens of millions of years), others truly ancient (hundreds of millions of years old) -- but critically are found globally.

Lead author Professor Chris Ballentine (University of Oxford, Department of Earth Sciences) said: "Combining the ingredients to find accumulated hydrogen in any of these settings can be likened to cooking a souffle -- get any one of the ingredients, amounts, timing, or temperature wrong and you will be disappointed. One successful exploration recipe that is repeatable will unlock a commercially competitive, low-carbon hydrogen source that would significantly contribute to the energy transition -- we have the right experience to combine these ingredients and find that recipe."

The potential for natural geological hydrogen has motivated the authors to form Snowfox Discovery Ltd., an exploration company with a mission to find societally significant natural hydrogen accumulations.
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Astrophysicists explore our galaxy's magnetic turbulence in unprecedented detail using a new computer model | ScienceDaily
Astronomers have developed a groundbreaking computer simulation to explore, in unprecedented detail, magnetism and turbulence in the interstellar medium (ISM) -- the vast ocean of gas and charged particles that lies between stars in the Milky Way Galaxy.


						
Described in a new study published today in Nature Astronomy, the model is the most powerful to date, requiring the computing capability of the SuperMUC-NG supercomputer at the Leibniz Supercomputing Centre in Germany. It directly challenges our understanding of how magnetized turbulence operates in astrophysical environments.

James Beattie, the paper's lead author and a postdoctoral researcher at the Canadian Institute for Theoretical Astrophysics (CITA) at the University of Toronto, is hopeful the model will provide new insights into the ISM, the magnetism of the Milky Way Galaxy as whole, and astrophysical phenomenon such as star formation and the propagation of cosmic rays.

"This is the first time we can study these phenomena at this level of precision and at these different scales," he says.

The paper was co-authored with researchers from Princeton University; Australian National University; the Australian Research Council Center of Excellence in All Sky Astrophysics; Universitat Heidelberg; the Center for Astrophysics, Harvard & Smithsonian; Harvard University; and the Bavarian Academy of Sciences and Humanities.

"Turbulence remains one of the greatest unsolved problems in classical mechanics," says Beattie, who also holds a joint appointment at Princeton University. "This despite the fact that turbulence is ubiquitous: from swirling milk in our coffee to chaotic flows in the oceans, solar wind, interstellar medium, even the plasma between galaxies.

"The key distinction in astrophysical environments is the presence of magnetic fields, which fundamentally alter the nature of turbulent flows."

While there are far, far fewer particles in interstellar space than in ultra-high vacuum experiments on Earth, their motions are enough to generate a magnetic field, not unlike how the motion of our planet's molten core generates the Earth's magnetic field.




And while the galactic magnetic field is a few million times weaker than a fridge magnet, it is nonetheless one of the forces that shapes the cosmos.

The largest version of Beattie's model is a cube 10,000 units per dimension, that provides much greater detail than previous models. In addition to its high resolution, the model is scalable and can simulate at its largest, a volume of space some 30 light-years on a side; at its smallest, it can be scaled down by a factor of some 5000.

At its largest, the model can improve our understanding of the Milky Way Galaxy's overall magnetic field. When scaled down, it will help astronomers better understand more "compact" processes like the solar wind that streams outward from the Sun and greatly affects the Earth.

Because of its higher resolution, the model also has the potential to provide a deeper understanding of star formation. "We know that magnetic pressure opposes star formation by pushing outward against gravity as it tries to collapse a star-forming nebula," says Beattie. "Now we can quantify in detail what to expect from magnetic turbulence on those kinds of scales."

In addition to its higher resolution and scalability, the model also marks a significant advance by simulating the dynamic changes in the density of the ISM -- from an incredibly tenuous near-vacuum to the higher densities found in star-forming nebulas.

"What our simulation captures really well," says Beattie, "is the extreme changes in density of the ISM, something previous models hadn't taken into account."

As he develops the next generation of the model with, among other features even higher resolution, Beattie is also testing his simulation against data collected from observations of the sun-Earth system.




"We've already begun testing whether the model matches existing data from the solar wind and the Earth -- and it's looking very good," says Beattie. "This is very exciting because it means we can learn about space weather with our simulation. Space weather is very important because we're talking about the charged particles that bombard satellites and humans in space and have other terrestrial effects."

According to Beattie, the new model comes at a time of growing interest in astrophysical turbulence, as well as burgeoning observations of the ISM. And as new instruments such as the Square Kilometre Array (SKA) come online -- with the ability to measure fluctuations in turbulent magnetic fields across the galaxy in great detail -- accurate theoretical frameworks like his for interpreting magnetic turbulence will become even more critical.

One of the things that draws Beattie to this research is its elegant consistency -- from intergalactic plasma to the swirl in a cup of coffee.

"I love doing turbulence research because of its universality," says Beattie. "It looks the same whether you're looking at the plasma between galaxies, within galaxies, within the solar system, in a cup of coffee or in Van Gogh's The Starry Night.

"There's something very romantic about how it appears at all these different levels and I think that's very exciting."
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Robotic hand moves objects with human-like grasp | ScienceDaily
When you reach out your hand to grasp an object like a bottle, you generally don't need to know the bottle's exact position in space to pick it up successfully. But as EPFL researcher Kai Junge explains, if you want to make a robot that can pick up a bottle, you must know everything about the surrounding environment very precisely.


						
"As humans, we don't really need too much external information to grasp an object, and we believe that's because of the compliant -- or soft -- interactions that happen at the interface between an object and a human hand," says Junge, a PhD student in the School of Engineering's Computational Robot Design & Fabrication (CREATE) Lab, led by Josie Hughes. "This compliance is what we are interested in exploring for robots."

In robotics, compliant materials are those that deform, bend, and squish. In the case of the CREATE Lab's robotic ADAPT hand (Adaptive Dexterous Anthropomorphic Programmable sTiffness), the compliant materials are relatively simple: strips of silicone wrapped around a mechanical wrist and fingers, plus spring-loaded joints, combined with a bendable robotic arm. But this strategically distributed compliance is what allows the device to pick up a wide variety of objects using "self-organized" grasps that emerge automatically, rather than being programmed.

In a series of experiments, the ADAPT hand, which can be controlled remotely, was able to pick up 24 objects with a success rate of 93%, using self-organized grasps that mimicked a natural human grasp with a direct similarity of 68%. The research has been published in Nature Communications Engineering.

'Bottom-up' robotic intelligence

While a traditional robotic hand would need a motor to actuate each joint, the ADAPT hand has only 12 motors, housed in the wrist, for its 20 joints. The rest of the mechanical control comes from springs, which can be made stiffer or looser to tune the hand's compliance, and from the silicone 'skin', which can also be added or removed.

As for software, the ADAPT hand is programmed to move through just four general waypoints, or positions, to lift an object. Any further adaptations required to complete the task occur without additional programming or feedback; in robotics, this is called 'open loop' control. For example, when the team programmed the robot to use a certain motion, it was able to adapt its grasp pose to various objects ranging from a single bolt to a banana. The researchers analyzed this extreme robustness -- thanks to the robot's spatially distributed compliance -- with over 300 grasps and compared them against a rigid version of the hand.




"Developing robots that can perform interactions or tasks that humans do automatically is a lot harder than most people expect," Junge says. "That's why we are interested in exploiting this distributed mechanical intelligence of different body parts like skin, muscles, and joints, as opposed to the top-down intelligence of the brain."

Balancing compliance and control

Junge emphasizes that the goal of the ADAPT study was not necessarily to create a robotic hand that can grasp like a human, but to show for the first time how much a robot can achieve through compliance alone.

Now that this has been demonstrated systematically, the EPFL team is building on the potential of compliance by re-integrating elements of closed-loop control into the ADAPT hand, including sensory feedback -- via the addition of pressure sensors to the silicone skin -- and artificial intelligence. This synergistic approach could lead to robots that combine compliance's robustness to uncertainty, and the precision of closed-loop control.

"A better understanding of the advantages of compliant robots could greatly improve the integration of robotic systems into highly unpredictable environments, or into environments designed for humans," Junge summarizes.
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AI meets the conditions for having free will -- we need to give it a moral compass | ScienceDaily
AI is advancing at such speed that speculative moral questions, once the province of science fiction, are suddenly real and pressing, says Finnish philosopher and psychology researcher Frank Martela.


						
Martela's latest study finds that generative AI meets all three of the philosophical conditions of free will -- the ability to have goal-directed agency, make genuine choices and to have control over its actions. It will be published in the journal AI and Ethics on Tuesday.

Drawing on the concept of functional free will as explained in the theories of philosophers Daniel Dennett and Christian List, the study examined two generative AI agents powered by large language models (LLMs): the Voyager agent in Minecraft and fictional 'Spitenik' killer drones with the cognitive function of today's unmanned aerial vehicles. 'Both seem to meet all three conditions of free will -- for the latest generation of AI agents we need to assume they have free will if we want to understand how they work and be able to predict their behaviour,' says Martela. He adds that these case studies are broadly applicable to currently available generative agents using LLMs.

This development brings us to a critical point in human history, as we give AI more power and freedom, potentially in life or death situations. Whether it is a self-help bot, a self-driving car or a killer drone -- moral responsibility may move from the AI developer to the AI agent itself.

'We are entering new territory. The possession of free will is one of the key conditions for moral responsibility. While it is not a sufficient condition, it is one step closer to AI having moral responsibility for its actions,' he adds. It follows that issues around how we 'parent' our AI technology have become both real and pressing.

'AI has no moral compass unless it is programmed to have one. But the more freedom you give AI, the more you need to give it a moral compass from the start. Only then will it be able to make the right choices,' Martela says.

The recent withdrawal of the latest ChatGPT update due to potentially harmful sycophantic tendencies is a red flag that deeper ethical questions must be addressed. We have moved beyond teaching the simplistic morality of a child.

'AI is getting closer and closer to being an adult -- and it increasingly has to make decisions in the complex moral problems of the adult world. By instructing AI to behave in a certain way, developers are also passing on their own moral convictions to the AI. We need to ensure that the people developing AI have enough knowledge about moral philosophy to be able to teach them to make the right choices in difficult situations,' says Martela.
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Submarine robot catches an underwater wave | ScienceDaily
Small autonomous underwater vehicles, like the drones of the sea, could be very useful for studying the depths of the ocean and monitoring its changing conditions. But such nautical mini bots can be easily overpowered by turbulent ocean currents.


						
Caltech scientists led by John Dabiri (PhD '05), the Centennial Professor of Aeronautics and Mechanical Engineering, have been taking advantage of the natural ability of jellyfish to traverse and plumb the ocean, outfitting them with electronics and prosthetic "hats" with which the creatures can carry small payloads on their nautical journeys and report their findings back to the surface. These bionic jellyfish must contend with the ebb and flow of the currents they encounter, but the brainless creatures do not make decisions about how best to navigate to a destination, and once they are deployed, they cannot be remotely controlled.

"We know that augmented jellyfish can be great ocean explorers, but they don't have a brain," Dabiri says. "So, one of the things we've been working on is developing what that brain would look like if we were to imbue these systems with the ability to make decisions underwater."

Now Dabiri and his former graduate student Peter Gunnarson (PhD '24), who is now at Brown University, have figured out a way to simplify that decision-making process and help a robot, or potentially an augmented jellyfish, catch a ride on the turbulent vortices created by ocean currents rather than fighting against them. The researchers recently published their findings in the journal PNAS Nexus.

For this work, Gunnarson returned to an old friend in the lab: CARL-Bot (Caltech Autonomous Reinforcement Learning roBot). Gunnarson built the CARL-Bot years ago as part of his work to begin incorporating artificial intelligence into such a bot's navigation technique. But Gunnarson recently figured out a simpler way than AI to have such a system make decisions underwater.

"We were brainstorming ways that underwater vehicles could use turbulent water currents for propulsion and wondered if, instead of them being a problem, they could be an advantage for these smaller vehicles," Gunnarson says.

Gunnarson wanted to understand exactly how a current pushes a robot around. He attached a thruster to the wall of a 16-foot-long tank in Dabiri's lab in the Guggenheim Aeronautical Laboratory on Caltech's campus in order to repeatedly generate what are called vortex rings -- basically the underwater equivalents of smoke rings. Vortex rings are a good representation of the types of disturbances an underwater explorer would encounter in the chaotic fluid flow of the ocean.




Gunnarson began using the CARL-Bot's single onboard accelerometer to measure how it was moving and being pushed around by vortex rings. He noticed that, every once in a while, the robot would get caught up in a vortex ring and be pushed clear across the tank. He and his colleagues started to wonder if the effect could be done intentionally.

To explore this, the team developed simple commands to help CARL detect a vortex ring's relative location and then position itself to, in Gunnarson's words, "hop on and catch a ride basically for free across the tank." Alternatively, the bot can decide to get out of the way of a vortex ring it does not want to get pushed by.

Dabiri points out that this process includes elements of biomimicry, stealing a page from nature's playbook. Soaring birds, for example, will often take advantage of strong winds to save energy rather than attempt to fly against them. Experiments have also shown that fish may allow themselves to be carried by the ocean's swirling currents to help conserve energy. However, in both natural cases, the systems are using relatively sophisticated sensory input and a brain to accomplish this.

"What Peter has figured out is that basically with a single sensor, this one accelerometer, and relatively simple control laws, we can achieve similar advantages in terms of using the energy in the environment to go from point A to point B," Dabiri says.

Looking to the future, Dabiri hopes to marry this work with his hybrid jellyfish. "With the jellyfish, we can have an onboard accelerometer measure how this system is getting pushed around," he says. "Hopefully, we can demonstrate a similar capability to take advantage of environmental flows to move more efficiently through the water."
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Extended reality boccia shows positive rehabilitation effects | ScienceDaily
Boccia's appeal and rising popularity comes from its showcase as a Paralympic sport that can be enjoyed by people of all ages and abilities. An Osaka Metropolitan University team has developed an extended reality version of the game as a rehabilitation program, showing how the game that requires accuracy and strategy can aid motor and cognitive skills.


						
Graduate School of Rehabilitation Science Associate Professor Masataka Kataoka's research group developed Boccia XR so that the program can be introduced even in environments with limited space. The researchers investigated changes in mood among participants over 65 before and after experiencing Boccia XR, traditional boccia, and treadmill walking, as well as lower limb muscle activity during exercise.

Participants reported better moods, vitality, and energy after experiencing both Boccia XR and traditional boccia. There was no significant difference in lower limb muscle activity during any of the programs, though muscle activity of the rectus femoris, which helps extend the knee, increased during both types of boccia compared to the treadmill.

"Boccia XR could be effective as a rehabilitation exercise for older adults in terms of both physical and emotional effects, and since it does not require a large court, it is practical for indoor environments such as hospitals and nursing care facilities," stated Professor Kataoka. "Since this research was designed to verify immediate effects, we plan to conduct further studies to investigate long-term results in a larger population of older adults and to continue updating Boccia XR."

The findings were published in PLOS One.
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Tapping a new toolbox, engineers buck tradition in new high-performing heat exchanger | ScienceDaily
By combining topology optimization and additive manufacturing, a team of University of Wisconsin-Madison engineers created a twisty high-temperature heat exchanger that outperformed a traditional straight channel design in heat transfer, power density and effectiveness.


						
And they used an innovative technique to 3D print -- and test -- the metal proof of concept.

High-temperature heat exchangers are essential components in many technologies for dissipating heat, with applications in aerospace, power generation, industrial processes and aviation.

"Traditionally, heat exchangers flow hot fluid and cold fluid through straight pipes, mainly because straight pipes are easy to manufacture," says Xiaoping Qian, a professor of mechanical engineering at UW-Madison. "But straight pipes are not necessarily the best geometry for transferring heat between hot and cold fluids."

Additive manufacturing enables researchers to create structures with complex geometries that can yield more efficient heat exchangers. Given this design freedom, Qian set out to discover a design for the hot and cold fluid channels inside a heat exchanger that would maximize heat transfer.

He harnessed his expertise in topology optimization, a computational design approach used to study the distribution of materials in a structure to achieve certain design goals. He also incorporated a patented technique, called projected undercut perimeter, that considers manufacturability constraints for the overall design.

With an optimized design in hand, Qian worked with colleague Dan Thoma, a professor of materials science and engineering at UW-Madison, who led the 3D printing of the heat exchanger using a metal additive manufacturing technique called laser powder bed fusion.




From the outside, the optimized heat exchanger looks identical to a traditional version with a straight channel design -- but their internal core designs are strikingly different. The optimized design has intertwining hot and cold fluid channels with intricate geometries and complex surface features. These complex geometric features guide fluid flow in a twisting path that enhances the heat transfer.

Collaborator Mark Anderson, a professor of mechanical engineering at UW-Madison, conducted thermal-hydraulic tests on the optimized heat exchanger and a traditional heat exchanger to compare their performance. The optimized design was not only more effective in transferring heat but also achieved a 27% higher power density than the traditional heat exchanger. That higher power density enables a heat exchanger to be lighter and more compact -- useful attributes for aerospace and aviation applications.

The team detailed its results in a paper published Feb. 19, 2025, in the International Journal of Heat and Mass Transfer.

While previous research has used topology optimization to study two-fluid heat exchanger designs, Qian says this work is the first to harness topology optimization and impose manufacturability constraints to ensure the design can be built and tested.

"Optimizing design on the computer is one thing, but to actually make and test it is a very different thing," Qian says. "It's exciting that our optimization method worked. We were able to actually manufacture our heat exchanger design. And, through experimental testing, we demonstrated the performance enhancement of our optimized design. The excellent work performed by the students, postdoctoral researchers and scientists in the three research groups made this advance possible."

Sicheng Sun, a recent PhD graduate from Qian's research group, is the first author on the International Journal of Heat and Mass Transfer paper. Additional co-authors include Tiago Augusto Moreira, Behzad Rankouhi, Xinyi Yu and Ian Jentz, all from UW-Madison.

The researchers patented their projected undercut perimeter technique through the Wisconsin Alumni Research Foundation. 

This work was supported by ARPA-E grant DE-AR0001475 and National Science Foundation grant 1941206. 
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Universe decays faster than thought, but still takes a long time | ScienceDaily
The universe is decaying much faster than thought. This is shown by calculations of three scientists at Radboud University on the so-called Hawking radiation. They calculate that the last stellar remnants take about 10^78 years (a 1 with 78 zeros) to perish. That is much shorter than the previously postulated 10^1100 years (a 1 with 1100 zeros). The researchers publish their findings, with a wink and dead-seriously, in the Journal of Cosmology and Astroparticle Physics.


						
The research by black hole expert Heino Falcke, quantum physicist Michael Wondrak, and mathematician Walter van Suijlekom (all from Radboud University, Nijmegen, the Netherlands) is a follow-up to a 2023 paper by the same trio. In that paper, they showed that not only black holes, but also other objects such as neutron stars can 'evaporate' via a process akin to Hawking radiation. After that publication, the researchers received many questions from inside and outside the scientific community about how long the process would take. They have now answered this question in the new article.

Ultimate end

The researchers calculated that the end of the universe is about 10^78 years away (a 1 with 78 zeros), if only Hawking-like radiation is taken into account. This is the time it takes for white dwarf stars, the most persistent celestial bodies, to decay via Hawking-like radiation. Previous studies, which did not take this effect into account, put the lifetime of white dwarfs at 10^1100 years (a 1 with 1100 zeros). Lead author Heino Falcke: "So the ultimate end of the universe comes much sooner than expected, but fortunately it still takes a very long time."

The researchers did the calculations dead-seriously and with a wink. The basis is a reinterpretation of Hawking radiation. In 1975, physicist Stephen Hawking postulated that, contrary to the theory of relativity, particles and radiation could escape from a black hole. At the edge of a black hole, two temporary particles can form, and before they merge, one particle is sucked into the black hole and the other particle escapes. One of the consequences of this so-called Hawking radiation is that a black hole very slowly decays into particles and radiation. This contradicts Albert Einstein's theory of relativity, which says that black holes can only grow.

Neutron star as slow as black hole

The researchers calculated that the process of Hawking radiation theoretically also applies to other objects with a gravitational field. The calculations further showed that the 'evaporation time' of an object depends only on its density.




To the researchers' surprise, neutron stars and stellar black holes take the same amount of time to decay: 10^67 years. This was unexpected because black holes have a stronger gravitational field, which should cause them to 'evaporate' faster. "But black holes have no surface," says co-author and postdoctoral researcher Michael Wondrak, "They reabsorb some of their own radiation which inhibits the process."

Man and Moon: 10^90 years

Because the researchers were at it anyway, they also calculated how long it takes for the Moon and a human to evaporate via Hawking-like radiation. That's 10^90 years (a 1 with 90 zeros). Of course, the researchers subtly note, there are other processes that may cause humans and moon to disappear faster than calculated.

Co-author Walter van Suijlekom, professor of mathematics at Radboud University, adds that the research is an exciting collaboration of different disciplines and that combining astrophysics, quantum physics and mathematics leads to new insights. "By asking these kinds of questions and looking at extreme cases, we want to better understand the theory, and perhaps one day, we unravel the mystery of Hawking radiation."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250512105214.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astrophysicist searches for ripples in space and time in new way | ScienceDaily
University of Colorado Boulder astrophysicist Jeremy Darling is pursuing a new way of measuring the universe's gravitational wave background -- the constant flow of waves that churn through the cosmos, warping the very fabric of space and time.


						
The research, published in The Astrophysical Journal Letters, could one day help to unlock some of the universe's deepest mysteries, including how gravity works at its most fundamental level.

"There is a lot we can learn from getting these precise measurements of gravitational waves," said Darling, professor in the Department of Astrophysical and Planetary Sciences. "Different flavors of gravity could lead to lots of different kinds of gravitational waves."

To understand how such waves work, it helps to picture Earth as a small buoy bobbing in a stormy ocean.

Darling explained that, throughout the history of the universe, countless supermassive black holes have engaged in a volatile dance: These behemoths spiral around each other faster and faster until they crash together. Scientists suspect that the resulting collisions are so powerful they, literally, generate ripples that spread out into the universe.

This background noise washes over our planet all the time, although you'd never know it. The kinds of gravitational waves that Darling seeks to measure tend to be very slow, passing our planet over the course of years to decades.

In 2023, a team of scientists belonging to the NANOGrav collaboration achieved a coup by measuring that cosmic wave pool. The group recorded how the universe's gravitational wave background stretched and squeezed spacetime, affecting the light coming to Earth from celestial objects known as pulsars, which act somewhat like cosmic clocks.




But those detailed measurements only captured how gravitational waves move in a single direction -- akin to waves flowing directly toward and away from a shoreline. Darling, in contrast, wants to see how gravitational waves also move from side-to-side and up and down compared to Earth.

In his latest study, the astrophysicist got help from another class of celestial objects: quasars, or unusually bright, supermassive black holes sitting at the centers of galaxies. Darling searches for signals from gravitational waves by precisely measuring how quasars move compared to each other in the sky. He hasn't spotted those signals yet, but that could change as more data become available.

"Gravitational waves operate in three dimensions," Darling said. "They stretch and squeeze spacetime along our line of sight, but they also cause objects to appear to move back and forth in the sky."

Galaxies in motion

The research drills down on the notoriously tricky task of studying how celestial objects move, a field known as astrometry.

Darling explained that quasars rest millions of light-years or more from Earth. As the glow from these objects speeds toward Earth, it doesn't necessarily proceed in a straight line. Instead, passing gravitational waves will deflect that light, almost like a baseball pitcher throwing a curve ball.




Those quasars aren't actually moving in space, but from Earth, they might look like they are -- a sort of cosmic wiggling happening all around us.

"If you lived for millions of years, and you could actually observe these incredibly tiny motions, you'd see these quasars wiggling back and forth," Darling said.

Or that's the theory. In practice, scientists have struggled to observe those wiggles. In part, that's because these motions are hard to observe, requiring a precision 10 times greater than it would take to watch a human fingernail growing on the moon from Earth. But our planet is also moving through space. Our planet orbits the sun at a speed of roughly 67,000 miles per hour, and the sun itself is hurtling through space at a blistering 850,000 miles per hour.

Detecting the signal from gravitational waves, in other words, requires disentangling Earth's own motion from the apparent motion of quasars. To begin that process, Darling drew on data from the European Space Agency's Gaia satellite. Since Gaia's launch in 2013, its science team has released observations of more than a million quasars over about three years.

Darling took those observations, split the quasars into pairs, then carefully measured how those pairs moved relative to each other.

His findings aren't detailed enough yet to prove that gravitational waves are making quasars wiggle. But, Darling said, it's an important search -- unraveling the physics of gravitational waves, for example, could help scientists understand how galaxies evolve in our universe and help them test fundamental assumptions about gravity.

The astrophysicist could get some help in that pursuit soon. In 2026, the Gaia team plans to release five-and-a-half more years of quasar observations, providing a new trove of data that might just reveal the secrets of the universe's gravitational wave background.

"If we can see millions of quasars, then maybe we can find these signals buried in that very large dataset," he said.
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ChatGPT helps pinpoint precise locations of seizures in the brain, aiding neurosurgeons | ScienceDaily
Epilepsy, one of the most common neurological disorders characterized by recurrent seizures, affects over 70 million people worldwide. In the United States, about 3.4 million people live with this challenging condition. Around one third of the epilepsy cases cannot be controlled by medications. For those patients, surgical resection of the epileptogenic zone (EZ), an area whose removal can lead to seizure freedom -- a period of time when a person with epilepsy experiences no seizures -- can be an effective option to reduce or eliminate seizures.


						
However, the current success rate for resective surgery -- in which the surgeon removes some of the brain tissues where seizures originate -- is around 50% to 60%. One of the reasons is that the EZs were not accurately identified. To identify the EZs, patients undergo a series of tests, including MRI, electroencephalography or EEG and intracranial EEG. Epileptologists use these data and images to describe the so-called seizure semiology -- the symptoms and behaviors during seizures. This information is used to predict the location of the EZs.

However, the language epileptologists use to describe seizure semiology can differ from one epilepsy center to another. "Different epilepsy centers may use different terms describing the same seizure semiology," says Feng Liu, Assistant Professor at the Department of Systems and Enterprises, Schaefer School of Engineering and Science at Stevens Institute of Technology. "For example, terms 'asymmetric posturing' and 'asymmetric tonic activity' can be used to describe the same thing," he shares one example, referring to a posture where one arm or one leg is extended while the other is flexed. "There are a lot of terms that can refer to the same thing, but different centers may use different terminology to describe it."

That creates a certain inconsistency, presenting challenges to surgeons. Due to the descriptive nature of seizure semiology, Large Language Models or LLMs such as ChatGPT, which were trained on a vast cohort of public records, may be a valuable tool to help identify the EZs.

Liu and his team of collaborators evaluated the clinical value of using ChatGPT to interpret seizure semiology to predict the EZ location. "Large language models such as ChatGPT, could be valuable tools for analyzing complex textual information, helping interpret seizure semiology descriptions and assist in accurately localizing the epileptogenic zones," says Liu.

For the study, the team surveyed five board-certified epileptologists who completed an online survey comprising 100 questions about localization of EZs given the description of seizure semiology. Then, the team used ChatGPT to do the same task and compared the performance of ChatGPT with that of epileptologists.

It turned out that ChatGPT responses matched or outperformed epileptologists' responses related to the regions where epileptogenic zones are commonly located, such as the brain's frontal lobe and the temporal lobe. However, epileptologists provided more accurate responses in regions where EZs are rarely located, such as the insula and the cingulate cortex. Those findings are published in the Journal of Medical Internet Research on May 12.

To further improve the performance of LLM, the team built the first LLM specially for interpreting seizure semiology, called EpiSemoLLM, which is hosted on a Stevens GPU server. This platform can be a useful assistant in the decision-making during the presurgical workup phase for neurosurgeons and epileptologists.

"Our results demonstrate that LLM and fine-tuned LLM might serve as a valuable tool to assist in the preoperative assessment for epilepsy surgery," Liu says. "The best results would be for the humans and AI to work together."
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Helping birds and floating solar energy coexist | ScienceDaily
From a small California winery to a large-scale energy project in China, floating photovoltaics -- or "floatovoltaics" -- are gaining in popularity. Commonly installed over artificial water bodies, from irrigation ponds and reservoirs to wastewater treatment plants, floating solar projects can maximize space for producing clean energy while sparing natural lands.


						
But where there is water, there are waterbirds. Little is known about the impacts -- positive or negative -- floating solar projects may have on birds and other wildlife. A paper from the University of California, Davis, published in the journal Nature Water, is among the first to outline key considerations to better align renewable energy and biodiversity goals.

Birds face many threats -- from habitat loss and climate change to pollution and avian influenza -- and many populations are in decline.

"That's why it's so important to understand how waterbirds are going to respond to floating solar and if there is the possibility for conservation concessions at new floating solar facilities," said corresponding author Elliott Steele, a postdoctoral scholar with the UC Davis Wild Energy Center within the Energy and Efficiency Institute. "We want to advance clean energy while promoting healthy, functional environments. Achieving this balance requires that we rigorously study and understand how wildlife responds to floating solar so we can ensure that negative impacts are avoided and potential ecological benefits are realized."

Five considerations

Drawing from their scientific field observations of birds interacting with floating PV systems, the authors examined various ways such systems could impact birds, and vice versa. They concluded that future research on FPV-waterbirds interactions should examine:
    	How waterbirds interact with each part of the floating PV infrastructure.
    	The direct and indirect effects waterbirds and floating solar projects may have on each other.
    	How bird conservation strategies may vary by site, region or season.
    	How to best monitor waterbirds at floating solar sites.
    	The potential for pollutants to be released or leached from floating solar infrastructure and what can be done to mitigate risks.

"Our team has been documenting such a diversity of bird behavior with floating PV, so we immediately knew this was a very important interaction, especially given the precipitous decline in waterbird numbers globally," said senior author and UC Davis Professor Rebecca R. Hernandez, director of the UC Davis Wild Energy Center. "Humans are also responding to waterbirds on floating PV, sometimes with deterrence. We leveraged our team's expertise in ecology and energy system science to identify risks and solution pathways such that waterbirds and floating PV can coexist."

Critical threshold of development




The Wild Energy Center is conducting research to begin to answer some of those questions. During their field work, the authors have seen black-crowned night herons resting on a floating solar structure before dawn, double-breasted cormorants jockeying for a favorable site, black phoebes nesting under panels, and more.

They note that while many types of wildlife use artificial water bodies, the authors focused on waterbirds because they interact above and below floating solar panels and are easy to observe.

So far, the scientists have observed mostly positive waterbird interactions with floating solar and additional benefits for people. For example, a farm that installs floating solar over an irrigation pond can save water by reducing evaporation, as well as produce clean energy without taking up cropland. Yet more research is required to fully understand the risks and benefits of introducing a large, relatively new technology into an aquatic environment.

"There are some things we wished we'd known before other kinds of renewable energy were developed," said coauthor Emma Forester, a Ph.D. candidate with the UC Davis Land, Air and Water Resources department and the Wild Energy Center. "While we're at this critical threshold of renewable energy development, we want to put more thought into the design that can benefit birds and other wildlife as we go forward."

Additional coauthors include Alexander Cagle and Jocelyn Rodriguez of UC Davis, Tara Conkling and Todd Katzner of U.S. Geological Survey, Sandor Kelly of University of Central Florida, Giles Exley and Alona Armstrong of Lancaster University, and Giulia Pasquale and Miriam Lucia Vincenza Di Blasi of Innovation of Enel Green Power in Italy.

The study was funded by the UC Office of the President's California Climate Action Seed Grant, Enel Green Power, U.S. Department of Energy, U.S. Bureau of Land Management and U.S. Geological Survey.
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Ultrasound unlocks a safer, greener way to make hydrogels | ScienceDaily
Researchers at McGill University, in collaboration with Polytechnique Montreal, pioneered a new way to create hydrogels using ultrasound, eliminating the need for toxic chemical initiators. This breakthrough offers a faster, cleaner and more sustainable approach to hydrogel fabrication, and produces hydrogels that are stronger, more flexible and highly resistant to freezing and dehydration. The new method also promises to facilitate advances in tissue engineering, bioadhesives and 3D bioprinting.


						
Hydrogels are gels composed of polymers that can absorb and retain large amounts of water. They are widely used in wound dressings, drug delivery, tissue engineering, soft robotics, soft contact lenses and more.

Gel formation within minutes

Traditional hydrogel manufacturing relies on chemical initiators, some of which can be harmful, particularly in medical applications. Initiators are the chemicals used to trigger chemical chain reactions. The McGill research team, led by Mechanical Engineering Professor Jianyu Li, has developed an alternative method using ultrasound. When applied to a liquid precursor, sound waves create microscopic bubbles that collapse with immense energy, triggering gel formation within minutes.

"The problem we aimed to solve was the reliance on toxic chemical initiators," said Li. "Our method eliminates these substances, making the process safer for the body and better for the environment."

This ultrasound-driven technique is dubbed "sonogel."

"Typical hydrogel synthesis can take hours or even overnight under UV light," said Li. "With ultrasound, it happens in just five minutes."

Revolutionizing biomedical applications




One of the most exciting possibilities for this technology is in non-invasive medical treatments. Because ultrasound waves can penetrate deep into tissues, this method could enable in-body hydrogel formation without surgery.

"Imagine injecting a liquid precursor and using ultrasound to solidify it precisely where needed," said Li. "This could be a game-changer for treating tissue damage and regenerative medicine. Further refinement, we can unlock new possibilities for safer, greener material production."

The technique also opens the door to ultrasound-based 3D bioprinting. Instead of relying on light or heat, researchers could use sound waves to precisely "print" hydrogel structures.

"By leveraging high-intensity focused ultrasound, we can shape and build hydrogels with remarkable precision," said Jean Provost, one of co-authors of the study and assistant professor of engineering physics at Polytechnique Montreal.
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Computing: Shedding light on shadow branches | ScienceDaily
What happens when trailblazing engineers and industry professionals team up? The answer may transform the future of computing efficiency for modern data centers.


						
Data centers house and use large computers to run massive amounts of data. Oftentimes, the processors can't keep up with this workload because it's taxing to predict and prepare instructions to carry out. This slows the flow of data. Thus, when you type a question into a search engine, the answer generates more slowly or doesn't provide the information you need.

To remedy this issue, researchers at Texas A&M University developed a new technique called Skia in collaboration with Intel, AheadComputing, and Princeton to help computer processors better predict future instructions and improve computing performance.

The team includes Dr. Paul V. Gratz, a professor in the Department of Electrical and Computer Engineering, Dr. Daniel A. Jimenez, a professor in the Department of Computer Science and Engineering, and Chrysanthos Pepi, a graduate student in the Department of Electrical and Computer Engineering.

"Processing instructions has become a major bottleneck in modern processor design," Gratz said. "We developed a new technique, Skia, to better predict what's coming next and alleviate that bottleneck."

A common problem for modern data center workloads is that the instruction stream -- the steps a computer must take for processing -- can be too large or difficult to process. Skia, a Greek word for shadow, can not only help better predict future instructions, but based upon that information, it can improve the throughput of instructions on the system. Throughput refers to units of completed processing per units of time.

"Think of throughput in terms of being a server in a restaurant," Gratz said. "You have lots and lots of jobs to do. How many tasks can you complete, or how many instructions can you execute per unit time? You want high throughput, especially for computing."

Improving throughput can lead to quicker performance and less power consumption for the data center.




"There are new bottlenecks in data center workloads associated with the instruction footprint and by fixing these, we can make the hardware better mapped and suited to that workload," Gratz added. "If we make it up to 10% more efficient, a company previously needing to make 100 data centers around the country, now only needs to make 90, which is 10 less data centers. That's pretty significant. These data centers cost millions of dollars, and they consume roughly the equivalent of the entire output of a power plant."

In data centers, modern processors improve efficiency by predicting instructions and retrieving them before they're needed, relying on a system known as Fetch Directed Instruction Prefetching (FDIP). FDIP uses Branch Prediction Unit to anticipate and fetch instructions.

However, as data center applications grow more complex, issues can occur when the Branch Target Buffer (BTB), which helps to monitor and track instructions, faults. This hinders FDIPS's effectiveness, causing incorrect predictions and cache pollution. Many of these missed branches, termed "Shadow Branches," exist in previously fetched cache lines but aren't being used by the current instruction sequence and remain undecoded.

Skia identifies and decodes these shadow branches in unused bytes, storing them in a memory area called the Shadow Branch Buffer, which can be accessed alongside the BTB.

"What makes this technique interesting is that most of the future instructions were already available, and we demonstrate that Skia, with a minimal hardware budget, can make data centers more efficient, nearly twice the performance improvement versus adding the same amount of storage to the existing hardware as we observe," Pepi said.

Their findings, "Skia: Exposing Shadow Branches," were published in one of the leading computer architecture conferences, the ACM International Conference on Architectural Support for Programming Languages and Operating Systems. The team also traveled to the Netherlands to present their work to colleagues from around the globe.

Other collaborators on the project include David I. August, a professor in the Department of Computer Science from Princeton University, Krishnam Tibrewala, a graduate student in the Computer Science and Engineering Department at Texas A&M, Gilles Pokam, a senior principal engineer at Intel Corporation, and Bhargav Reddy Godala and Gino Chacon, senior central processing unit architects at AheadComputing.

Funding for this research is administered by the Texas A&M Engineering Experiment Station (TEES), the official research agency for Texas A&M Engineering.
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A small bicycle handlebar sensor can help map a region's riskiest bike routes | ScienceDaily
While things like rain or hills can keep people from cycling, a major impediment is the risk of getting hit by a car. It's hard to identify the safest routes to ride, especially for beginner cyclists, and a key way to flag dicey streets involves time and injury: waiting until cars have hit several cyclists at a given location.


						
A University of Washington-led team has developed a system, called ProxiCycle, that logs when a passing car comes too close to a cyclist (within four feet). A small, inexpensive sensor plugs into bicycle handlebars and tracks the passes, sending them to the rider's phone. The team tested the system for two months with 15 cyclists in Seattle and found a significant correlation between the locations of close passes and other indicators of poor safety, such as collisions. Deployed at scale, the system could support mapping or navigating cyclists on safer bike routes through cities.

"Experienced cyclists have this mental map of which streets are safe and which are unsafe, and I wanted to find a simple way to pass that knowledge down to novice cyclists," said lead author Joseph Breda, a UW doctoral student in the Paul G. Allen School of Computer Science & Engineering. "Cycling is really good for your health and for the environment. Getting more people biking more often is how we reap those rewards and increase safety in numbers for cyclists on the roads."

The team presented its research Apr. 29 at the ACM CHI Conference on Human Factors in Computing Systems in Yokohama, Japan.

To start, researchers surveyed 389 people in Seattle. Respondents of all cycling experience levels ranked the threat of cars as the factor which most discouraged them from cycling, and said they'd be very likely to use a map that helps navigate for safety. But a key factor preventing this is limited data on road safety.

The team then built a small sensor system that plugs into a bike's left handlebar. The system, which costs less than $25 to build, consists of a 3D printed plastic casing that houses a pair of sensors and a Bluetooth antenna. The antenna transmits data to the rider's phone, where the team's algorithm susses out what's a passing car rather than a person, or another cyclist, or a tree.

The team validated the system both by testing it in a parking lot, with a car passing at different distances, and with seven cyclists riding through Seattle with GoPro cameras on their handlebars. Researchers watched the footage from these rides and compared this to the sensor output.




The team then recruited 15 cyclists through the newsletter of Seattle Neighborhood Greenways, a local advocacy group. Each got a ProxiCycle sensor, a custom Android application and instructions. The cyclists took 240 bike rides over two months and recorded 2,050 close passes. Researchers then compared the locations of close passes with riders' perceived safety at different locations in the city -- which they measured by showing cyclists images of locations and having them rate how safe they felt at those locations (referred to as "perceived safety") -- and with the locations of known automobile-to-bike collisions in the last five years.

The team found a significant correlation between close passes and both other indicators of cycling risk. They also found that this measure of close passes was a better indicator of actual safety than the surveyed perceived safety, which is the current standard used by policymakers to study safety when collisions aren't enough.

In the future, researchers hope to scale the study up and potentially account for other risk factors, such as cyclists being hit by opening car doors, and deploy ProxiCylce in other cities. With enough data, existing bike mapping apps, such as Google Maps or Strava, might include safer route suggestions for cyclists.

Some of those routes involve only minor adjustments.

"One study participant, who was living down by Seattle Center, was biking down Mercer all the time," Breda said. "It's this busy, multi-lane road. But just before the study, they found out that there's a great bike lane on a quieter street, just one block north."

Keyu Chen, an applied science lead at Gridware, and Thomas Ploetz, a professor at Georgia Institute of Technology, are also co-authors on this paper. Shwetak Patel, a UW professor in the Allen School, is the senior author.
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Urine, not water for efficient production of green hydrogen | ScienceDaily
Researchers have developed two unique energy-efficient and cost-effective systems that use urea found in urine and wastewater to generate hydrogen.


						
The unique systems reveal new pathways to economically generate 'green' hydrogen, a sustainable and renewable energy source, and the potential to remediate nitrogenous waste in aquatic environments.

Typically, hydrogen is generated through the use of electrolysis to split water into oxygen and hydrogen. It is a promising technology to help address the global energy crisis, but the process is energy intensive, which renders it cost-prohibitive when compared to extracting hydrogen from fossil fuels (grey hydrogen), itself an undesirable process because of the carbon emissions it generates.

In contrast to water, an electrolysis system that generates hydrogen from urea uses significantly less energy.

Despite this advantage, existing urea-based systems face several limitations, such as the low amounts of hydrogen that are able to be extracted and the generation of undesirable nitrogenous by-products (nitrates and nitrites) that are toxic and compete with hydrogen production, further reducing overall system efficiency.

Researchers from the Australian Research Council Centre of Excellence for Carbon Science and Innovation (COE-CSI) and the University of Adelaide have developed two urea-based electrolysis systems that overcome these problems and can generate green hydrogen at a cost that they have calculated is comparable or cheaper than the cost of producing grey hydrogen.

The research for each system was published in separate papers, one in the journal Angewandte Chemie International Edition, the other in Nature Communications. PhD candidate Xintong Gao was first author on the Angewandte Chemie International Edition paper and is from the University's team headed by COE-CSI Chief Investigator, Professor Yao Zheng and Professor Shizhang Qiao, Deputy Director and Chief Investigator of COE-CSI who are from the School of Chemical Engineering.




Making hydrogen from pure urea is not new, but the team has found a more accessible and cost-effective process that uses urine as an alternative source to pure urea.

"While we haven't solved all the problems, should these systems be scaled up, our systems produce harmless nitrogen gas instead of the toxic nitrates and nitrites, and either system will use between 20-27 per cent less electricity than water splitting systems," says Professor Zheng.

"We need to reduce the cost of making hydrogen, but in a carbon-neutral way. The system in our first paper, while using a unique membrane-free system and novel copper-based catalyst, used pure urea, which is produced through the Haber-Bosch ammonia synthesis process that is energy intensive and releases lots of CO2.

"We solved this by using a green source of urea -- human urine -- which is the basis of the system examined in our second paper."

Urine or urea can also be sourced from sewage and other wastewater high in nitrogenous waste. Urine in an electro-catalytic system, however, presents another issue. Chloride ions in urine will trigger a reaction generating chlorine that causes irreversible corrosion of the system's anode where oxidation and loss of electrons occurs.

"In the first system we developed an innovative and highly efficient membrane-free urea electrolysis system for low-cost hydrogen production. In this second system, we developed a novel chlorine-mediated oxidation mechanism that used platinum-based catalysts on carbon supports to generate hydrogen from urine," says Professor Qiao.

Platinum is an expensive, precious and finite metal and its increasing demand as a catalytic material is unsustainable. It is a core mission of the ARC Centre of Excellence for Carbon Science and Innovation to enable transformative carbon catalyst technologies for the traditional energy and chemical industries.

The University of Adelaide team will build on this fundamental research by developing carbon-supported, non-precious metal catalysts for constructing membrane-free urine-wastewater systems, achieving lower-cost recovery of green hydrogen while remediating the wastewater environment.
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World record for lithium-ion conductors | ScienceDaily
Solid-state batteries are considered a key technology for the future: they can store more energy and do not rely on flammable materials like current lithium-ion batteries. Researchers at TUM and TUMint.Energy Research have now taken a significant step towards improving solid-state batteries. They developed a new material made of lithium, antimony and scandium that conducts lithium ions more than 30% faster than any previously known material.


						
The team led by Prof. Thomas F. Fassler from the Chair of Inorganic Chemistry with a Focus on Novel Materials partially replaced lithium in a lithium antimonide compound with the metal scandium. This creates specific gaps, so-called vacancies, in the crystal lattice of the conductor material. These gaps help the lithium ions to move more easily and faster, resulting in a new world record for ion conductivity.

Since the measured conductivity far exceeded that of existing materials, the team collaborated with the Chair of Technical Electrochemistry under Prof. Hubert Gasteiger at TUM to confirm the result. Co-author Tobias Kutsch who conducted the validation tests, commented: "Because the material also conducts electricity, it presented a special challenge, and we had to adapt our measurement methods accordingly."

Fassler sees great potential for the new material: "Our result currently represents a significant advance in basic research. By incorporating small amounts of scandium, we have uncovered a new principle that could prove to be a blueprint for other elemental combinations. While many tests are still needed before the material can be used in battery cells, we are optimistic. Materials that conduct both ions and electrons are particularly well suited as additives in electrodes. Because of the promising practical applications, we've already filed a patent for our development." In addition to its faster conductivity, the material also offers thermal stability and can be produced using well-established chemical methods.

The researchers have even discovered an entirely new class of substances through their work, as first author Jingwen Jiang, scientist at TUMint.Energy Research, emphasizes: "Our combination consists of lithium-antimony, but the same concept can easily be applied to lithium-phosphorus systems. While the previous record holder relied on lithium-sulphur and required five additional elements for optimization, we only need only Scandium as an additional component. We believe that our discovery could have broader implications for enhancing conductivity in a wide range of other materials."
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Scientists innovate mid-infrared photodetectors for exoplanet detection, expanding applications to environmental and medical fields | ScienceDaily
NASA's James Webb Space Telescope (JWST) utilizes mid-infrared spectroscopy to precisely analyze molecular components such as water vapor and sulfur dioxide in exoplanet atmospheres. The key to this analysis, where each molecule exhibits a unique spectral "fingerprint," lies in highly sensitive photodetector technology capable of measuring extremely weak light intensities. Recently, KAIST researchers have developed an innovative photodetector capable of detecting a broad range of mid-infrared spectra.


						
KAIST (represented by President Kwang-Hyung Lee) announced on the 27th of March that a research team led by Professor SangHyeon Kim from the School of Electrical Engineering has developed a mid-infrared photodetector that operates stably at room temperature, marking a major turning point for the commercialization of ultra-compact optical sensors.

The newly developed photodetector utilizes conventional silicon-based CMOS processes, enabling low-cost mass production while maintaining stable operation at room temperature. Notably, the research team successfully demonstrated the real-time detection of carbon dioxide (CO2) gas using ultra-compact and ultra-thin optical sensors equipped with this photodetector, proving its potential for environmental monitoring and hazardous gas analysis.

Existing mid-infrared photodetectors generally require cooling systems due to high thermal noise at room temperature. These cooling systems increase the size and cost of equipment, making miniaturization and integration into portable devices challenging. Furthermore, conventional mid-infrared photodetectors are incompatible with silicon-based CMOS processes, limiting large-scale production and commercialization.

To address these limitations, the research team developed a waveguide-integrated photodetector using germanium (Ge), a Group IV element like silicon. This approach enables broad-spectrum mid-infrared detection while ensuring stable operation at room temperature.

A waveguide is a structure designed to efficiently guide light along a specific path with minimal loss. To implement various optical functions on a chip (on-chip), the development of waveguide-integrated photodetectors and waveguide-based optical components is essential.

Unlike conventional photodetectors that primarily rely on bandgap absorption principles, this new technology leverages the bolometric effect*, allowing it to detect the entire mid-infrared spectral range. As a result, it can be widely applied to the real-time sensing of various molecular species.




*Bolometric effect: A principle in which light absorption leads to an increase in temperature, causing electrical signals to change accordingly.

The waveguide-integrated mid-infrared photodetector developed by the research team is considered a groundbreaking innovation that overcomes the limitations of existing mid-infrared sensor technologies, including the need for cooling, difficulties in mass production, and high costs.

This breakthrough technology is expected to be applicable across diverse fields, including environmental monitoring, medical diagnostics, industrial process management, national defense and security, and smart devices. It also paves the way for next-generation mid-infrared sensor advancements.

Professor SangHyeon Kim from KAIST stated, "This research represents a novel approach that overcomes the limitations of existing mid-infrared photodetector technologies and has great potential for practical applications in various fields." He further emphasized, "Since this sensor technology is compatible with CMOS processes, it enables low-cost mass production, making it highly suitable for next-generation environmental monitoring systems and smart manufacturing sites."

The study, with Dr. Joonsup Shim (currently a postdoctoral researcher at Harvard University) as the first author, was published on March 19, 2025 in the journal Light: Science & Applications.
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Satellite measures CO2 and NO2 simultaneously from power plant emissions for the first time | ScienceDaily
A research team from the Max Planck Institute for Chemistry in Mainz and Heidelberg University has, for the first time, used the German environmental satellite EnMAP (Environmental Mapping and Analysis Program) to simultaneously detect the two key air pollutants carbon dioxide (CO2) and nitrogen dioxide (NO2) in emission plumes from power plants -- with an unprecedented spatial resolution of just 30 meters. The newly developed method allows for tracking of industrial emissions from space with great precision and enables atmospheric processes to be analyzed in detail. The results were published in the journal Environmental Research Letters.


						
Key points of the study
    	World first: first simultaneous satellite measurements of NO2 and CO2 over individual power plants.
    	High spatial resolution: EnMAP data makes it possible to track emission plumes over several tens of kilometers.
    	Quantitative evaluation: direct estimation of emissions and analysis of chemical transformations in the atmosphere.
    	Emission metrics: NOx /CO2 ratios provide information on the characteristics and efficiency of the power plants.

Carbon dioxide (CO2) and nitrogen oxides (NOx) are among the most significant anthropogenic air pollutants -- with consequences for climate, health, and air quality. Satellite measurements are considered a key tool for independent emission monitoring. Previously, however, they were subject to significant limitations: many sensors have spatial resolutions that are too coarse to detect isolated emissions sources such as power plants reliably. Atmospheric processes -- such as clouds, or the chemical reaction of nitrogen oxides -- also complicate data interpretation. In the case of CO2, the high background values often mask the relatively weak emission signals.

As NO2 and CO2 are emitted together, NO2 measurements are often used to estimate CO2 emissions based on known emission ratios. Until now, however, there has been no instrument that can detect both gases simultaneously with a high spatial resolution. The method now presented closes this gap: for the first time, both gases can be measured simultaneously and with high resolution directly above the emission sources -- and their ratio precisely determined. This opens the door to more transparent and independent satellite-based emissions monitoring.

EnMAP: high-resolution perspectives

Atmospheric trace gases such as CO2 and NO2 leave characteristic absorption patterns in sunlight, which can be detected using spectrometers. Instruments with very high spectral resolution are typically used for satellite-based measurements. They can analyze the fine absorption structures of the gases in the reflected sunlight, but usually only achieve a spatial resolution of three to five kilometers.

By contrast, the German earth observation satellite EnMAP was originally designed for remote sensing of land surfaces. It provides imagery with an exceptionally high level of spatial detail of 30 x 30 meters, but has a comparatively low spectral resolution.




The new study now demonstrates that -- contrary to previous assumptions -- reliable measurements of trace gases are possible even with an instrument not specifically designed for atmospheric observation. "Using the EnMAP data, we were able to determine the distribution of CO2 and NO2 in emission plumes from individual power plants -- for example, from plants in Saudi Arabia and in the South African Highveld region, one of the world's largest emission hotspots," explains Christian Borger, first author of the study and, until recently, a postdoctoral researcher in the Satellite Remote Sensing Group at the Max Planck Institute for Chemistry. He now works at the European Centre for Medium-Range Weather Forecasts (ECMWF) in Bonn.

From measurement to application

This means that the EnMAP satellite can be used to determine CO2 and NOx emissions from individual power plants simultaneously and at high resolution. Additionally, NOx/CO2 ratios can be derived from this, which allow conclusions to be drawn about the technology, efficiency, and operating mode of the systems. In the future, such ratios could be used to estimate CO2 emissions solely on the basis of NO2 data.

The data also offers new insights into the chemical conversion of NO to NO2 within emission plumes. Until now, this central process in atmospheric chemistry could only be studied through complex aircraft measurement campaigns. The use of satellite data has major advantages in this context as it enables the worldwide, consistent, and comparable detection of industrial pollutant emissions.

Impetus for new missions

"Our study shows how satellites with high spatial resolution can contribute to the targeted monitoring of industrial emissions in the future -- in addition to large-scale missions such as the European CO2M satellite," summarizes group leader Thomas Wagner. The EnMAP environmental satellite opens new perspectives for a global, satellite-based monitoring system for air pollutants and greenhouse gases.
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Amuse, a songwriting AI-collaborator to help create music | ScienceDaily
Wouldn't it be great if music creators had someone to brainstorm with, help them when they're stuck, and explore different musical directions together? Researchers of KAIST and Carnegie Mellon University (CMU) have developed AI technology similar to a fellow songwriter who helps create music.


						
KAIST (President Kwang-Hyung Lee) has developed an AI-based music creation support system, Amuse, by a research team led by Professor Sung-Ju Lee of the School of Electrical Engineering in collaboration with CMU. The research was presented at the ACM Conference on Human Factors in Computing Systems (CHI), one of the world's top conferences in human-computer interaction, held in Yokohama, Japan from April 26 to May 1. It received the Best Paper Award, given to only the top 1% of all submissions.

The system developed by Professor Sung-Ju Lee's research team, Amuse, is an AI-based system that converts various forms of inspiration such as text, images, and audio into harmonic structures (chord progressions) to support composition.

For example, if a user inputs a phrase, image, or sound clip such as "memories of a warm summer beach," Amuse automatically generates and suggests chord progressions that match the inspiration.

Unlike existing generative AI, Amuse is differentiated in that it respects the user's creative flow and naturally induces creative exploration through an interactive method that allows flexible integration and modification of AI suggestions.

The core technology of the Amuse system is a generation method that blends two approaches: a large language model creates music code based on the user's prompt and inspiration, while another AI model, trained on real music data, filters out awkward or unnatural results using rejection sampling.

The research team conducted a user study targeting actual musicians and evaluated that Amuse has high potential as a creative companion, or a Co-Creative AI, a concept in which people and AI collaborate, rather than having a generative AI simply put together a song.

Professor Sung-Ju Lee said, "Recent generative AI technology has raised concerns in that it directly imitates copyrighted content, thereby violating the copyright of the creator, or generating results one-way regardless of the creator's intention. Accordingly, the research team was aware of this trend, paid attention to what the creator actually needs, and focused on designing an AI system centered on the creator."

He continued, "Amuse is an attempt to explore the possibility of collaboration with AI while maintaining the initiative of the creator, and is expected to be a starting point for suggesting a more creator-friendly direction in the development of music creation tools and generative AI systems in the future."

This research was conducted with the support of the National Research Foundation of Korea with funding from the government (Ministry of Science and ICT). (RS-2024-00337007)
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Self-assembly of a large metal-peptide capsid nanostructure through geometric control | ScienceDaily
A significant advancement in molecular engineering has produced a large, hollow spherical shell nanostructure through the self-assembly of peptides and metal ions, report researchers from Japan. This dodecahedral link structure, measuring 6.3 nanometers in diameter, was achieved by combining geometric principles derived from knot theory and graph theory with peptide engineering. The resulting structure demonstrates remarkable stability while featuring a large inner cavity suitable for encapsulating macromolecules, opening pathways for producing complex artificial virus capsids.


						
Controlling the topology and structure of entangled molecular strands is a key challenge in molecular engineering, particularly when attempting to create large nanostructures that mimic biological systems. Examples found in nature, such as virus capsids and cargo proteins, demonstrate the remarkable potential of such architectures. However, methods for constructing large hollow nanostructures with precise geometric control have remained elusive -- until now.

In a recent study, a research team led by Associate Professor Tomohisa Sawada from Institute of Science Tokyo, Japan, has successfully constructed a molecular spherical shell structure with the geometric topology of a regular dodecahedron. This groundbreaking work, which was published online in the journal Chemon May 01, 2025, describes how the researchers created this large structure, bearing an outer diameter of 6.3 nanometers, through the entanglement of peptides with metal ions.

"The synthesis of this highly complex structure was based on geometric considerations and predictions, leading to the proposal of a new concept: the geometric control of chemical structures," explains Sawada. The team's approach combined two distinct mathematical frameworks, namely knot theory and graph theory, to predict and then achieve the self-assembly of an unprecedented dodecahedral link with an entanglement of 60 crossings, composed of 60 metal ions and 60 peptide ligands (or M60L60).

The researchers had previously created smaller structures with tetrahedral and cubic links. However, a more complex dodecahedral link emerged after they introduced further modifications to the peptide sequence during attempts to functionalize M24L24, a smaller cubic link. X-ray crystallographic analysis revealed that the resulting M60L60 metal-peptide shell contains an inner cavity of approximately 4.0 nanometers (approximately 34,000 A3), which is large enough to encapsulate macromolecules such as proteins or nanomaterials.

Beyond its impressive structural complexity, the M60L60 shell exhibited remarkable stability against heat, dilution, and oxidative conditions, which the researchers attributed to its unique entangled network structure. Interestingly, the team also demonstrated that the capsid's surface could be modified with various functional groups while maintaining its structural integrity, opening pathways for customization based on specific needs.

These features make M60L60 a promising platform for various applications, including drug delivery systems and molecular transportation. "Considering the diversity and modifiability of peptide structures, our method is overwhelmingly advantageous compared to DNA origami technology in terms of functionalizing structures," highlights Sawada. "Moreover, since our approach involves theoretical prediction and trial-and-error experiments, sometimes astonishing structures far beyond our expectations are obtained -- this is the essence of chemistry."

Overall, this research represents a significant step forward in understanding how to construct artificial virus capsid-like structures. "Our findings significantly expand the foundation of peptide engineering and are anticipated to have immense effects across various fields, including molecular self-assembly, materials chemistry, and mathematical theories," concludes Sawada. The researchers are now aiming for even more ambitious structures, envisioning M180L180 and M240L240 assemblies with 180 and 240 crossings, respectively, as their next challenges.
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Bringing superconducting nanostructures to 3D | ScienceDaily
A new study demonstrates the creation of three-dimensional superconducting nanostructures, akin to a nano 3D printer, enabling local control of the superconducting state. The superconducting nanostructures can be switched on and off by rotating them in a magnetic field.


						
The move from two to three dimensions can have a significant impact on how a system behaves, whether it is folding a sheet of paper into a paper aeroplane or twisting a wire into a helical spring. At the nanoscale, one thousand times smaller than a human hair, one approaches the fundamental lengthscales of, for example, quantum materials. At these lengthscales, the patterning of nanogeometries can lead to changes in the material properties itself -- and when one moves to three dimensions, there come new ways to tailor functionalities, by breaking symmetries, introducing curvature, and creating interconnected channels.

Despite these exciting prospects, one of the main challenges remains: how to realise such complex 3D geometries, at the nanoscale, in quantum materials? In a new study, an international team led by researchers at the Max Planck Institute for Chemical Physics of Solids have created three dimensional superconducting nanostructures using a technique similar to a nano-3D printer. They achieved local control of the superconducting state in a 3D bridge-like superconductor, and could even demonstrate the motion of superconducting vortices -- nanoscale defects in the superconducting state -- in three dimensions. The work has been published in the journal Advanced Functional Materials.

Superconductors are materials that are renowned for their ability to exhibit zero electrical resistance and expel magnetic fields. This striking behaviour arises from the formation of so-called Cooper pairs: bound pairs of electrons that move coherently through the material without scattering.

"One of the main challenges involves gaining control over this superconducting state at the nanoscale, which is key for the exploration of novel effects, and the future development of technological devices" explains Elina Zhakina, postdoctoral researcher at the MPI-CPfS, and first author of the study.

When patterning superconductors in 3D nanogeometries, the international team, involving researchers from Germany (MPI CPfS, IFW) and Austria (TU Wien, University of Vienna), were able to locally control the superconducting state -- i.e. "switching off" the superconductivity in different parts of the nanostructure. This coexistence of superconducting and "normal" states can lead to quantum mechanical effects, such as so-called weak links, used for example for ultra-sensitive sensing. However, until now such control has typically required the design of structures, for example in planar thin films, where the coexistence of states is predetermined.

"We found that it is possible to switch on and off the superconducting state in different parts of the threedimensional nanostructure, simply by rotating the structure in a magnetic field" said Claire Donnelly, Lise Meitner Group leader at the MPI-CPfS and last author of the work. "In this way, we were able to realise a "reconfigurable" superconducting device!."

This realization of reconfigurable functionality offers a new platform for building adaptive or multi-purpose superconducting components. This, along with the ability to propagate defects of the superconducting state, opens the door to complex superconducting logic and neuromorphic architectures setting the stage for a new generation of reconfigurable superconducting technologies.
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Machine learning powers new approach to detecting soil contaminants | ScienceDaily
A team of researchers at Rice University and Baylor College of Medicine has developed a new strategy for identifying hazardous pollutants in soil, even ones that have never been isolated or studied in a lab.


						
The new approach, described in a study published in Proceedings of the National Academy of Sciences, uses light-based imaging, theoretical predictions of compounds' light signatures and machine learning (ML) algorithms to detect toxic compounds like polycyclic aromatic hydrocarbons (PAHs) and their derivative compounds (PACs) in soil. A common by-product of combustion, PAHs and PACs have been linked to cancer, developmental issues and other serious health problems.

Identifying pollutants in soil usually requires advanced laboratories and standard physical reference samples of the suspected contaminants. However, for many environmental pollutants that pose a public health risk, there is no experimental data available that can be used to detect them.

"This method makes it possible to identify chemicals that have not yet been isolated experimentally," said Naomi Halas, University Professor and the Stanley C. Moore Professor of Electrical and Computer Engineering at Rice.

The new method uses a light-based imaging technique known as surface-enhanced Raman spectroscopy, which analyzes how light interacts with molecules, tracking the unique patterns, or spectra, they emit. Spectra serve as "chemical fingerprints" for each compound. The technique is refined through the use of signature nanoshells designed to enhance relevant traits in the spectra.

Using density functional theory -- a computational modeling technique that can predict how atoms and electrons behave in a molecule -- the researchers calculated what the spectra of a whole range of PAHs and PACs look like based on the compounds' molecular structure. This allowed them to generate a virtual library of "fingerprints" for PAHs and PACs.

Two complementary ML algorithms -- characteristic peak extraction and characteristic peak similarity -- were used to parse relevant spectral traits in real-world soil samples and match them to compounds mapped out in the virtual library of spectra.




"We are using PAHs in soil to illustrate this very important new strategy," Halas said. "There are tens of thousands of PAH-derived chemicals and this approach -- calculating their spectra and using machine learning to connect the theoretically calculated spectra to those observed in a sample -- allows us to identify chemicals that we may not, or do not, have any experimental data for."

The method addresses a critical gap in environmental monitoring, opening the door to identifying a much broader range of hazardous compounds -- including those that have changed over time. This is especially important given that soil is a dynamic environment where chemicals are subject to transformations that can render them harder to detect.

Thomas Senftle, Rice's William Marsh Rice Trustee Associate Professor of Chemical and Biomolecular Engineering, compared the process to using facial recognition in order to find an individual in a crowd.

"You can imagine we have a picture of a person when they're a teenager, but now they're in their 30s," Senftle said. "In my group what we do is, on the theory side, we can predict what the picture will look like."

The researchers tested the method on soil from a restored watershed and natural area using both artificially contaminated samples and a control sample. Results showed the new approach reliably picked out even minute traces of PAHs using a simpler and faster process than conventional techniques.

"This method can identify lesser-known and largely unstudied PAH and PAC pollutant molecules," said Oara Neumann, a Rice research scientist who is a co-author on the study.




In the future, the method could enable on-site field testing by integrating the ML algorithms and theoretical spectral library with portable Raman devices into a mobile system, making it easier for farmers, communities and environmental agencies to test soil for hazardous compounds without needing to send samples to specialized labs and wait days for results.

Ankit Patel, assistant professor of electrical and computer engineering at Rice and assistant professor of neuroscience at BCM, is a corresponding author on the study alongside Halas.

Other Rice co-authors include computer science doctoral alum Yilong Ju; doctoral students Sarah Denison, Peixuan Jin and Andres Sanchez-Alvarado; Peter Nordlander, the Wiess Chair in Physics and Astronomy and professor of electrical and computer engineering and materials science and nanoengineering; and Pedro Alvarez, the George R. Brown Professor of Civil and Environmental Engineering.

The research was supported by the National Institutes of Health (P42ES027725-01), the Welch Foundation (C-1220, C-1222) and the Carl and Lillian Illig Fellowship (Smalley-Curl Institute, H20398-239440). The content herein is solely the responsibility of the authors and does not necessarily represent the official views of the funding organizations and institutions.
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Green fabrication of hybrid materials as highly sensitive X-ray detectors | ScienceDaily
New bismuth-based organic-inorganic hybrid materials show exceptional sensitivity and long-term stability as X-ray detectors, significantly more sensitive than commercial X-ray detectors. In addition, these materials can be produced without solvents by ball milling, a mechanochemical synthesis process that is environmentally friendly and scalable. More sensitive detectors would allow for a reduction in the radiation exposure during X-ray examinations.


						
X-ray imaging is indispensable in medical diagnostics and material characterisation. To generate an image, a detector converts X-rays that pass through the object into electrical signals. Higher detector sensitivity enables lower radiation doses, which is particularly important in medical applications.

Currently used X-ray detectors consist of inorganic compounds of elements with medium to high atomic numbers. In recent years, inorganic perovskite compounds have also been tested as X-ray detectors with very good results.

Inspired by pervoskite materials

Now, a team led by X-ray detector expert Prof. Olena Maslyanchuk at HZB has demonstrated that two new Bismuth-based organic-inorganic hybrid materials can be used for highly efficient X-ray detection. The two bismuth-based materials explored in this work, [(CH3CH2)3S]6Bi8I30 and [(CH3CH2)3S]AgBiI5, were inspired by the emergence of halide perovskites in opto-electronic devices and were first explored by Dr. Allan Starkholm during his Ph.D. thesis work at the Royal Institute of Technology Stockholm, Sweden.

'The high atomic numbers, suitable band gaps and unique structural features make them ideal for X-ray detection,' says Starkholm: 'They contain stable sulfonium cations instead of the traditionally used hygroscopic ammonium cations that are promising for long term stability.'

Environmentally friendly manufacturing process

In collaboration with BAM expert Franziska Emmerling, a particularly environmentally friendly manufacturing process was used: ball milling. This produces polycrystalline powders that are then pressed into dense pellets. These procedures are also established in industry.




Up to 50 times more sensitive

In collaboration with the team of Dr. Felix Lang at Potsdam University the novel materials were evaluated for their use in X-ray detectors. 'The results show that they perform better than current commercial detectors, even over long periods of time,' says Starkholm. 'In fact, they demonstrate sensitivities up to two orders of magnitude higher than commercial materials like amorphous selenium or CdZnTe -- and can detect X-ray doses nearly 50 times lower,' says Starkholm.

In addition to extensive analysis in the laboratory, the team also studied the samples at the KMC-3 XPP beamline at BESSY II. The detectors maintained a stable response during pulsed X-ray irradiation under high-intensity photon flux, with no measurable degradation in performance observed post-exposure, highlighting the robustness of the detector materials.

Outlook to technology transfer

'We have shown that these entirely new bismuth-based materials are excellent candidates for X-ray detection. Our results highlight exciting opportunities to expand hybrid materials research at HZB beyond photovoltaics, both within and beyond the perovskite field. More sensitive X-ray detectors would allow to significantly reduce radiation exposure during X-ray imaging,' says Olena Maslyanchuk.

Technology transfer is the next step. 'There are so many exciting companies in Adlershof that we could work together with to optimise the development of such X-ray detectors,' says Starkholm.
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Stability solution brings unique form of carbon closer to practical application | ScienceDaily
Carbyne, a one-dimensional chain of carbon atoms, is incredibly strong for being so thin, making it an intriguing possibility for use in next-generation electronics, but its extreme instability causing it to bend and snap on itself made it nearly impossible to produce at all, let alone produce enough of it for advanced studies. Now, an international team of researchers, including from Penn State, may have a solution.


						
The research team has enclosed carbyne in single-walled carbon nanotubes -- tiny, tube-shaped structures made entirely of carbon that are thousands of times thinner than a human hair. Doing this at low temperatures makes carbyne more stable and easier to produce, potentially leading to new advancements in materials science and technology, the researchers said. They called the development "promising news," as scientists have struggled for decades to create a stable form of carbyne in large enough quantities for deeper investigation.

"The history of carbyne's discovery is like a detective story," said Slava V. Rotkin, professor of engineering science and mechanics and co-author of the study published ACS Nano. "It was predicted theoretically, but for many years, attempts to synthesize it were unsuccessful because the chains would either bend or form unintended bonds."

This instability made it difficult to study and even harder to imagine using in real-world applications. However, like graphene, the atomically thin two-dimensional carbon material already applied in some electronics, carbyne's extreme strength and electronic properties continued to entice researchers with its potential to revolutionize electronics, Rotkin said. The pull is even greater with carbyne, though, as it has a built-in advantage over graphene.

"Like graphene, carbyne can allow electrons to move very quickly," Rotkin said. "However, carbyne also has something called a 'semiconductor gap,' which makes it useful for building transistors, the tiny switches that power electronics. Graphene, on the other hand, doesn't have this gap, so it can't be used in the same way."

A semiconductor gap is a small energy gap that allows a material to act as a switch for electrical current. Graphene, in its pure form, cannot be a transistor in of itself because electrons can always flow through it since it doesn't have this gap. Graphene can be engineered to have a gap through various additions and manipulations, but carbyne has the gap naturally. This means that in the future, carbyne-based electronics could more easily offer faster, more efficient performance compared to today's silicon-based technology.

Along with potentially solving the instability issue, the researchers' new synthesis approach could also solve another roadblock in the path to carbyne meeting its great potential. One of the biggest challenges in carbyne research has been producing it in significant quantities. In the past, only tiny amounts of carbyne could be made, often under extreme conditions such as high temperatures, intense pressures or in chemically reactive environments. These are factors that made it difficult for scientists to fully explore its properties. However, the new synthesis method changes that.




What makes this new method stand out is how much easier and more effective it is compared to older techniques, the researchers said. First, the team used a special precursor, which acts as gentle starting material, called ammonium cholate to grow carbyne at much lower temperatures. Second, they used single-walled carbon nanotubes as a kind of protective shell around the carbyne, which works much better than the thicker, multi-layered tubes used in the past. This shell helps keep the fragile carbyne stable. Finally, the new method produces a lot more carbyne than before, which means scientists can now study it in greater detail and explore how it might be used in real-world applications.

"Two major advancements of this technique are its low cost and high yield," Rotkin said. "This opens the door for broader studies, both in fundamental science and moving toward real applications."

By encapsulating carbyne inside carbon nanotubes, researchers have also found a way to preserve its unique properties. The nanotubes act as protective shells, preventing the carbyne from breaking down while still allowing scientists to study it in its nearly pure form.

"Importantly, single-wall nanotubes don't disturb the carbyne chain much," Rotkin noted. "There are only gentle van der Waals interactions -- weak forces that allow the carbyne to stay in place without bonding to the nanotube walls."

While real-world applications are still in the early stages, carbyne's potential is vast, Rotkin said. Because it is a strongly correlated material, its properties extend beyond classical physics, meaning it could have applications in next-generation computing and nanotechnology.

"Materials like this have complex behaviors, both when they're in their normal state and when they're excited," Rotkin said. "This means we're dealing with quantum materials, which could lead to entirely new technologies."

The research team also made an unexpected discovery during the study. They found that a common solvent -- cholate, a salt of cholic acid that the human body uses to dissolve organic compounds -- could transform into carbyne chains without additional complex steps.




"It was a complete surprise that a common solvent like cholate can transform into the carbyne chain without any further issue," Rotkin said. "It showed how even familiar materials can take on new roles in advanced chemistry."

Although many questions about carbyne remain unanswered, Rotkin said he believes this is a significant step forward. With a stable way to produce carbyne in larger quantities, researchers can now explore its potential more deeply.

"In the past, the amount of material available for study was barely enough for one or two groups to confirm its existence," Rotkin said. "Now, we have the opportunity to truly understand its properties and applications."

Along with Rotkin, Bo-Wen Zhang, Xi-Yang Qiu, Qingmei Hu, Ikuma Kohata, Shohei Chiashi, Keigo Otsuka and Shigeo Maruyama of the University of Tokyo; Yicheng Ma, Yongjia Zheng and Rong Xiang of Zhejiang University; Aina Fito-Parera, Dmitry I. Levshov, Sofie Cambre and Wim Wenseleers of the University of Antwerp; Ya Feng of Dalian University; Yutaka Matsuo of Nagoya University; and YuHuang Wang and Chiyu Zhang of the University of Maryland also contributed to this research. Maruyama led the research team and was the corresponding author of the paper.

The U.S. Department of Energy and the Japan Society for the Promotion of Science supported this research.
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AI tool uses face photos to estimate biological age and predict cancer outcomes | ScienceDaily
Eyes may be the window to the soul, but a person's biological age could be reflected in their facial characteristics. Investigators from Mass General Brigham developed a deep learning algorithm called FaceAge that uses a photo of a person's face to predict biological age and survival outcomes for patients with cancer. They found that patients with cancer, on average, had a higher FaceAge than those without and appeared about five years older than their chronological age. Older FaceAge predictions were associated with worse overall survival outcomes across multiple cancer types. They also found that FaceAge outperformed clinicians in predicting short-term life expectancies of patients receiving palliative radiotherapy. Their results are published in The Lancet Digital Health.


						
"We can use artificial intelligence (AI) to estimate a person's biological age from face pictures, and our study shows that information can be clinically meaningful," said co-senior and corresponding author Hugo Aerts, PhD, director of the Artificial Intelligence in Medicine (AIM) program at Mass General Brigham. "This work demonstrates that a photo like a simple selfie contains important information that could help to inform clinical decision-making and care plans for patients and clinicians. How old someone looks compared to their chronological age really matters -- individuals with FaceAges that are younger than their chronological ages do significantly better after cancer therapy."

When patients walk into exam rooms, their appearance may give physicians clues about their overall health and vitality. Those intuitive assessments combined with a patient's chronological age, in addition to many other biological measures, may help determine the best course of treatment. However, like anyone, physicians may have biases about a person's age that may influence them, fueling a need for more objective, predictive measures to inform care decisions.

With that goal in mind, Mass General Brigham investigators leveraged deep learning and facial recognition technologies to train FaceAge. The tool was trained on 58,851 photos of presumed healthy individuals from public datasets. The team tested the algorithm in a cohort of 6,196 cancer patients from two centers, using photographs routinely taken at the start of radiotherapy treatment.

Results showed that cancer patients appear significantly older than those without cancer, and their FaceAge, on average, was about five years older than their chronological age. In the cancer patient cohort, older FaceAge was associated with worse survival outcomes, especially in individuals who appeared older than 85, even after adjusting for chronological age, sex, and cancer type.

Estimated survival time at the end of life is difficult to pin down but has important treatment implications in cancer care. The team asked 10 clinicians and researchers to predict short-term life expectancy from 100 photos of patients receiving palliative radiotherapy. While there was a wide range in their performance, overall, the clinicians' predictions were only slightly better than a coin flip, even after they were given clinical context, such as the patient's chronological age and cancer status. Yet when clinicians were also provided with the patient's FaceAge information, their predictions improved significantly.

Further research is needed before this technology could be considered for use in a real-world clinical setting. The research team is testing this technology to predict diseases, general health status, and lifespan. Follow-up studies include expanding this work across different hospitals, looking at patients in different stages of cancer, tracking FaceAge estimates over time, and testing its accuracy against plastic surgery and makeup data sets.

"This opens the door to a whole new realm of biomarker discovery from photographs, and its potential goes far beyond cancer care or predicting age," said co-senior author Ray Mak, MD, a faculty member in the AIM program at Mass General Brigham. "As we increasingly think of different chronic diseases as diseases of aging, it becomes even more important to be able to accurately predict an individual's aging trajectory. I hope we can ultimately use this technology as an early detection system in a variety of applications, within a strong regulatory and ethical framework, to help save lives."
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3D printing in vivo using sound | ScienceDaily
Imagine if doctors could precisely print miniature capsules capable of delivering cells needed for tissue repair exactly where they are needed inside a beating heart. A team of scientists led by Caltech has taken a significant step toward that ultimate goal, having developed a method for 3D printing polymers at specific locations deep within living animals. The technique relies on sound for localization and has already been used to print polymer capsules for selective drug delivery as well as glue-like polymers to seal internal wounds.


						
Previously, scientists have used infrared light to trigger polymerization, the linking of the basic units, or monomers, of polymers within living animals. "But infrared penetration is very limited. It only reaches right below the skin," says Wei Gao, professor of medical engineering at Caltech and a Heritage Medical Research Institute Investigator. "Our new technique reaches the deep tissue and can print a variety of materials for a broad range of applications, all while maintaining excellent biocompatibility."

Gao and his colleagues report their new in vivo 3D-printing technique in the journal Science. Along with bioadhesive gels and polymers for drug and cell delivery, the paper also describes the use of the technique for printing bioelectric hydrogels, which are polymers with embedded conductive materials for use in the internal monitoring of physiological vital signs as in electrocardiograms (ECGs). The lead author of the study is Elham Davoodi, an assistant professor of mechanical engineering at the University of Utah, who completed the work while a postdoctoral scholar at Caltech.

The Origin of a Novel Idea

Wanting to figure out a way to realize deep tissue in vivo printing, Gao and his colleagues turned to ultrasound, a platform that is widely used in biomedicine for deep tissue penetration. But they needed a way to trigger crosslinking, or binding of monomers, at a specific location and only when desired.

They came up with a novel approach: Combine ultrasound with low-temperature-sensitive liposomes. Such liposomes, spherical cell-like vesicles with protective fat layers, are often used for drug delivery. In the new work, the scientists loaded the liposomes with a crosslinking agent and embedded them in a polymer solution containing the monomers of the polymer they wanted to print, an imaging contrast agent that would reveal when the crosslinking had occurred, and the cargo they hoped to deliver -- a therapeutic drug, for example. Additional components can be included, such as cells and conductive materials like carbon nanotubes or silver. The composite bioink was then injected directly into the body.

Raise the Temperature Just a Touch to Trigger Printing

The liposome particles are low-temperature sensitive, which means that by using focused ultrasound to raise the temperature of a small targeted region by about 5 degrees Celsius, the scientists can trigger the release of their payload and initiate the printing of polymers.




"Increasing the temperature by a few degrees Celsius is enough for the liposome particle to release our crosslinking agents," says Gao. "Where the agents are released, that's where localized polymerization or printing will happen."

The team uses gas vesicles derived from bacteria as an imaging contrast agent. The vesicles, air-filled capsules of protein, show up strongly in ultrasound imaging and are sensitive to chemical changes that take place when the liquid monomer solution crosslinks to form a gel network. The vesicles actually change contrast, detected by ultrasound imaging, when the transformation takes place, allowing scientists to easily identify when and precisely where polymerization crosslinking has occurred, enabling them to customize the patterns printed in live animals.

The team calls the new technique the deep tissue in vivo sound printing (DISP) platform.

When the team used the DISP platform to print polymers loaded with doxorubicin, a chemotherapeutic drug, near a bladder tumor in mice, they found substantially more tumor cell death for several days as compared to animals that received the drug through direct injection of drug solutions.

"We have already shown in a small animal that we can print drug-loaded hydrogels for tumor treatment," Gao says. "Our next stage is to try to print in a larger animal model, and hopefully, in the near future, we can evaluate this in humans."

The team also believes that machine learning can enhance the DISP platform's ability to precisely locate and apply focused ultrasound. "In the future, with the help of AI, we would like to be able to autonomously trigger high-precision printing within a moving organ such as a beating heart," Gao says.

The work was supported by funding from the National Institutes of Health, the American Cancer Society, the Heritage Medical Research Institute, and the Challenge Initiative at UCLA. Fluorescence microscopy was performed at the Advanced Light Microscopy/Spectroscopy Laboratory and Leica Center of Excellence at the California NanoSystems Institute at UCLA.
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Ping pong bot returns shots with high-speed precision | ScienceDaily
MIT engineers are getting in on the robotic ping pong game with a powerful, lightweight design that returns shots with high-speed precision.


						
The new table tennis bot comprises a multijointed robotic arm that is fixed to one end of a ping pong table and wields a standard ping pong paddle. Aided by several high-speed cameras and a high-bandwidth predictive control system, the robot quickly estimates the speed and trajectory of an incoming ball and executes one of several swing types -- loop, drive, or chop -- to precisely hit the ball to a desired location on the table with various types of spin.

In tests, the engineers threw 150 balls at the robot, one after the other, from across the ping pong table. The bot successfully returned the balls with a hit rate of about 88 percent across all three swing types. The robot's strike speed approaches the top return speeds of human players and is faster than that of other robotic table tennis designs.

Now, the team is looking to increase the robot's playing radius so that it can return a wider variety of shots. Then, they envision the setup could be a viable competitor in the growing field of smart robotic training systems.

Beyond the game, the team says the table tennis tech could be adapted to improve the speed and responsiveness of humanoid robots, particularly for search-and-rescue scenarios, and situations in a which a robot would need to quickly react or anticipate.

"The problems that we're solving, specifically related to intercepting objects really quickly and precisely, could potentially be useful in scenarios where a robot has to carry out dynamic maneuvers and plan where its end effector will meet an object, in real-time," says MIT graduate student David Nguyen.

Nguyen is a co-author of the new study, along with MIT graduate student Kendrick Cancio and Sangbae Kim, associate professor of mechanical engineering and head of the MIT Biomimetics Robotics Lab. The researchers will present the results of those experiments in a paper at the IEEE International Conference on Robotics and Automation (ICRA) this month.




Precise play

Building robots to play ping pong is a challenge that researchers have taken up since the 1980s. The problem requires a unique combination of technologies, including high-speed machine vision, fast and nimble motors and actuators, precise manipulator control, and accurate, real-time prediction, as well as higher-level planning of game strategy.

"If you think of the spectrum of control problems in robotics, we have on one end manipulation, which is usually slow and very precise, such as picking up an object and making sure you're grasping it well. On the other end, you have locomotion, which is about being dynamic and adapting to perturbations in your system," Nguyen explains. "Ping pong sits in between those. You're still doing manipulation, in that you have to be precise in hitting the ball, but you have to hit it within 300 milliseconds. So, it balances similar problems of dynamic locomotion and precise manipulation."

Ping pong robots have come a long way since the 1980s, most recently with designs by Omron and Google DeepMind that employ artificial intelligence techniques to "learn" from previous ping pong data, to improve a robot's performance against an increasing variety of strokes and shots. These designs have been shown to be fast and precise enough to rally with intermediate human players.

"These are really specialized robots designed to play ping pong," Cancio says. "With our robot, we are exploring how the techniques used in playing ping pong could translate to a more generalized system, like a humanoid or anthropomorphic robot that can do many different, useful things."

Game control

For their new design, the researchers modified a lightweight, high-power robotic arm that Kim's lab developed as part of the MIT Humanoid -- a bipedal, two-armed robot that is about the size of a small child. The group is using the robot to test various dynamic maneuvers, including navigating uneven and varying terrain as well as jumping, running, and doing backflips, with the aim of one day deploying such robots for search-and-rescue operations.




Each of the humanoid's arms has four joints, or degrees of freedom, which are each controlled by an electrical motor. Cancio, Nguyen, and Kim built a similar robotic arm, which they adapted for ping pong by adding an additional degree of freedom in the wrist to allow for control of a paddle.

The team fixed the robotic arm to a table at one end of a standard ping pong table and set up high-speed motion capture cameras around the table to track balls that are bounced at the robot. They also developed optimal control algorithms that predict, based on the principles of math and physics, what speed and paddle orientation the arm should execute to hit an incoming ball with a particular type of swing: loop (or topspin), drive (straight-on), or chop (backspin).

They implemented the algorithms using three computers that simultaneously processed camera images, estimated a ball's real-time state, and translated these estimations to commands for the robot's motors to quickly react and take a swing.

After consecutively bouncing 150 balls at the arm, they found the robot's hit rate, or accuracy of returning the ball, was about the same for all three types of swings: 88.4 percent for loop strikes, 89.2 percent for chops, and 87.5 percent for drives. They have since tuned the robot's reaction time and found the arm hits balls faster than existing systems, at velocities of 20 meters per second.

In their paper, the team reports that the robot's strike speed, or the speed at which the paddle hits the ball, is on average 11 meters per second. Advanced human players have been known to return balls at speeds of between 21 to 25 meters second. Since writing up the results of their initial experiments, the researchers have further tweaked the system, and have recorded strike speeds of up to 19 meters per second (about 42 miles per hour).

"Some of the goal of this project is to say we can reach the same level of athleticism that people have," Nguyen says. "And in terms of strike speed, we're getting really, really close."

Their follow-up work has also enabled the robot to aim. The team incorporated control algorithms into the system that predict not only how but where to hit an incoming ball. With its latest iteration, the researchers can set a target location on the table, and the robot will hit a ball to that same location.

Because it is fixed to the table, the robot has limited mobility and reach, and can mostly return balls that arrive within a crescent-shaped area around the midline of the table. In the future, the engineers plan to rig the bot on a gantry or wheeled platform, enabling it to cover more of the table and return a wider variety of shots.

"A big thing about table tennis is predicting the spin and trajectory of the ball, given how your opponent hit it, which is information that an automatic ball launcher won't give you," Cancio says. "A robot like this could mimic the maneuvers that an opponent would do in a game environment, in a way that helps humans play and improve."

This research is supported, in part, by the Robotics and AI Institute.
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        Tech meets tornado recovery
        Traditional methods of assessing damage after a disaster can take weeks or even months, delaying emergency response, insurance claims and long-term rebuilding efforts. New research might change that. Researchers have developed a new method that combines remote sensing, deep learning and restoration models to speed up building damage assessments and predict recovery times after a tornado. Once post-event images are available, the model can produce damage assessments and recovery forecasts in less ...

      

      
        Sharp depletion in soil moisture drives land water to flow into oceans, contributing to sea level rise
        The increasing frequency of once-in-a-decade agricultural and ecological drought has underscored the urgency of studying hydrological changes. A research team has analyzed the estimated changes in land water storage over the past 40 years by utilizing space geodetic observation technology and global hydrological change data. This innovative method has revealed a rapid depletion in global soil moisture, resulting in a significant amount of water flowing into the oceans, leading to a rise in sea le...

      

      
        Tiny gas bubbles reveal secrets of Hawaiian volcanoes
        Using advanced technology that analyzes tiny gas bubbles trapped in crystal, a team of scientists has precisely mapped how magma storage evolves as Hawaiian volcanoes age.

      

      
        Climate change is turning coastal lagoons into 'salty soup'
        The impacts of human activity and climate change are coalescing to make coastal lagoons saltier, changing the microbial life they support and the function they play in their ecosystems, according to new research.

      

      
        Dexterity and climbing ability: how ancient human relatives used their hands
        Scientists have found new evidence for how our fossil human relatives in South Africa may have used their hands. Researchers investigated variation in finger bone morphology to determine that South African hominins not only may have had different levels of dexterity, but also different climbing abilities.

      

      
        The ripple effect of small earthquakes near major faults
        When we think of earthquakes, we imagine sudden, violent shaking. But deep beneath the Earth's surface, some faults move in near silence. These slow, shuffling slips and their accompanying hum -- called tremors -- don't shake buildings or make headlines. But scientists believe they can serve as useful analogs of how major earthquakes begin and behave.

      

      
        Microplastics in Texas bays are being swept out to sea
        When researchers went searching for microplastics in sediments pulled from the bottom of Matagorda Bay and its surrounding inlets, they didn't find much. Most of their samples contained only tens to hundreds of microplastic particles for each kilogram of sediment. This is hundreds to thousands of times less than other bayside environments around the world.

      

      
        Fossil tracks show reptiles appeared on Earth up to 40 million years earlier
        The origin of reptiles on Earth has been shown to be up to 40 million years earlier than previously thought -- thanks to evidence discovered at an Australian fossil site that represents a critical time period. Scientists have identified fossilized tracks of an amniote with clawed feet -- most probably a reptile -- from the Carboniferous period, about 350 million years ago.

      

      
        Genome of near-extinct northern white rhino offers hope for reviving the species
        The northern white rhinoceros is one of the rarest animals on Earth, with just two females left and no natural way for the species to reproduce. Now, scientists have mapped the entire genome of a northern white rhino. This represents a crucial step toward bringing the critically endangered species back from the edge using advanced reproductive technologies. The complete genome can be used as a reference to analyze the health of previously developed northern white rhinoceros stem cells. Eventually...

      

      
        New hope against superbugs: Promising antibiotic candidate discovered
        An international team of researchers has discovered saarvienin A, a new type of glycopeptide antibiotic. Their findings introduce a compound with strong activity against highly resistant bacterial strains.

      

      
        Uncovering compounds that tame the heat of chili peppers
        When biting into a chili pepper, you expect a fiery sensation on your tongue. This spiciness is detected because of capsaicinoid compounds. But for some peppers, despite high levels of capsaicinoids, the heat is mysteriously dull. Now, researchers have identified three compounds that lessen peppers' pungency. These results challenge the reliability of the century-old Scoville scale, which traditionally bases its rating on two capsaicinoids.

      

      
        Making connections: A three-dimensional visualization of musculoskeletal development
        Using a new fluorescent mouse model with advanced imaging techniques, researchers have successfully visualized how musculoskeletal components are integrated into the functional locomotor system during embryonic development.

      

      
        Australia's oldest prehistoric tree frog hops 22 million years back in time
        Scientists have now discovered the oldest ancestor for all the Australian tree frogs, with distant links to the tree frogs of South America.

      

      
        An ink that boosts coral reef settlement by 20 times
        With coral reefs in crisis due to climate change, scientists have engineered a bio-ink that could help promote coral larvae settlement and restore these underwater ecosystems before it's too late. Researchers demonstrate that the ink could boost coral settlement by more than 20 times, which they hope could contribute to rebuilding coral reefs around the world.

      

      
        UV light and CT scans helped scientists unlock hidden details in a beautifully-preserved fossil Archaeopteryx
        Archaeopteryx is the fossil that clearly demonstrated Darwin's views. It's the oldest known fossil bird, and it helps show that all birds -- including the ones alive today -- emerged from dinosaurs. And while the first Archaeopteryx fossil was found more than 160 years ago, scientists are continuing to learn new things about this ancient animal. A set of feathers never before seen in this species help explain why it could fly when many of its non-bird dinosaur cousins could not.

      

      
        New global model shows how to bring environmental pressures back to 2015 levels by 2050
        A new study finds that with bold and coordinated policy choices -- across emissions, diets, food waste, and water and nitrogen efficiency -- humanity could, by 2050, bring global environmental pressures back to levels seen in 2015. This shift would move us much closer to a future in which people around the world can live well within the Earth's limits.

      

      
        CT scanning helps reveal path from rotten fish to fossil
        Scientists confirm CT scanning doesn't interfere with natural decomposition processes, opening new windows into understanding how fossils form.

      

      
        Palaeontologists discover 506-million-year-old predator
        Palaeontologists have discovered a remarkable new 506-million-year-old predator from the Burgess Shale of Canada. Mosura fentoni was about the size of your index finger and had three eyes, spiny jointed claws, a circular mouth lined with teeth and a body with swimming flaps along its sides. These traits show it to be part of an extinct group known as the radiodonts.

      

      
        Not all orangutan mothers raise their infants the same way
        Sumatran orangutan mothers differ from one another in how they behave with and take care of their infants and how flexibly they adjust their mothering behaviors as their infants grow. Whilst mothers differed from one another in their maternal behaviors, they remained consistent in their behaviors with their different infants. Consistent differences among Sumatran orangutan mothers suggest that individual maternal personalities may exist, potentially influencing infant development.

      

      
        New computer language helps spot hidden pollutants
        Biologists and chemists have a new programming language to uncover previously unknown environmental pollutants at breakneck speed -- without requiring them to code.

      

      
        A plant you've never heard of can do what scientists once thought impossible
        A new study shows that an unassuming plant has some very unusual family dynamics.

      

      
        Researchers develop living material from fungi
        Fungi are considered a promising source of biodegradable materials. Researchers have developed a new material based on a fungal mycelium and its own extracellular matrix. This gives the biomaterial particularly advantageous properties.

      

      
        Growth before photosynthesis: How trees regulate their water balance
        In order for trees to grow, they need to control their water balance meticulously. A study shows how trees react to drought -- and revises previous perceptions.

      

      
        Scientists define the ingredients for finding natural clean hydrogen
        Researchers have detailed the geological ingredients required to find clean sources of natural hydrogen beneath our feet. The work details the requirements for natural hydrogen, produced by the Earth itself over geological time, to accumulate in the crust, and identifies that the geological environments with those ingredients are widespread globally. Hydrogen is $135 billion industry, essential for making fertilizer and other important societal chemicals, and a critical clean energy source for fu...

      

      
        Scientists film the heart forming in 3D earlier than ever before
        Researchers have identified the origin of cardiac cells using 3D images of a heart forming in real-time, inside a living mouse embryo.

      

      
        'Loop'hole: HIV-1 hijacks human immune cells using circular RNAs
        Researchers have identified a never-before-seen mechanism that enables HIV-1 to evade the body's natural defenses and use it to support its survival and replication. The 'loophole' is a biological process that involves circular RNAs and marks the first experimental evidence of HIV-1 generating them from an integrated retroviral genome. Findings point to a novel strategy the virus uses to survive, providing a new target in the fight against one of the world's most resilient pathogens.

      

      
        Butterflies hover differently from other flying organisms, thanks to body pitch
        Butterflies' flight trajectories often appear random or chaotic, but their hovering patterns can potentially provide critical design insights for developing micro aerial vehicles with flapping wings. Researchers studied how butterflies use aerodynamic force generation to achieve hovering, using high-speed cameras to observe wild-caught white cabbage butterflies and relying on a deep learning model to track the butterflies' body features and specific wing points during their flight sequences. They...

      

      
        Echidna microbiome changes while mums nurse puggle
        Research shows microbial communities in echidna pseudo-pouches undergo dramatic changes while the animal is lactating, which could help in creating an environment for their young, known as puggles, to thrive.

      

      
        Summer in the city: Urban heat release and local rainfall
        Stifling heat and sticky air often make summertime in the city uncomfortable. Due to the heat island effect, urban areas are significantly warmer than nearby rural areas, even at night. This, combined with more frequent extreme weather events caused by climate change, often render the city an unpleasant environment in the summer. Urbanization and climate change modify the thermal environment of urban areas, with an expectation that urban disasters from extremely hot weather and heavy rainfall wil...

      

      
        Flamingos create water tornados to trap their prey
        Flamingos have developed an amazing variety of techniques to create swirls and eddies in the water to concentrate and eat brine shrimp and other organisms, a biologist found. They stomp dance to stir organisms from the bottom and concentrate them in whorls. The organisms are then drawn upward by a head jerk that forms a vortex. Meanwhile, their beak is chattering underwater to create vortices that funnel prey into their mouths.

      

      
        From prehistoric resident to runaway pet: First tegu fossil found in the U.S.
        Originally from South America, the charismatic tegu made its way to the United States via the pet trade of the 1990s. But a recent discovery shows these reptiles are no strangers to the region -- tegus were here millions of years before their modern relatives arrived in pet carriers.

      

      
        Measles virus detected in Houston wastewater before cases were reported
        An innovative outbreak detection program that tracks disease-causing viruses in wastewater identified the measles virus in Houston samples collected in early January 2025, before cases were reported.

      

      
        Sunlight-powered system mimics plants to power carbon capture
        Current methods of capturing and releasing carbon are expensive and so energy-intensive they often require, counterproductively, the use of fossil fuels. Taking inspiration from plants, researchers have assembled a chemical process that can power carbon capture with an energy source that's abundant, clean and free: sunlight.

      

      
        Submarine robot catches an underwater wave
        Engineers have taught a simple submarine robot to take advantage of turbulent forces to propel itself through water.

      

      
        Vast Aztec trade networks behind ancient obsidian artifacts
        Researchers analyzed 788 obsidian artifacts from Tenochtitlan, revealing that the Mexica (Aztec) Empire sourced this important material from at least eight different locations, including regions outside their political control. While 90% of artifacts were made from green obsidian from Sierra de Pachuca (especially for ceremonial purposes), the diversity of obsidian sources suggests sophisticated trade networks rather than just conquest-based acquisition. The study tracked changes in obsidian use ...

      

      
        Olympic anti-doping lab puts U.S. meat supply to the test
        Scientists turned their sophisticated analytical capabilities for testing athlete samples for performance-enhancing drugs to research examining the U.S. meat supply. The study was designed to investigate concerns that residues of growth promoters used in meat production could potentially cause athletes to test positive.

      

      
        Evidence of mother-offspring attachment types in wild chimpanzees
        A team of researchers has identified distinct mother-offspring attachment types in wild chimpanzees (Pan troglodytes verus). Drawing parallels with human psychology, the study provides compelling evidence that wild chimpanzee infants, like human children, develop critical secure and insecure-avoidant attachment patterns to their mothers. However, unlike humans and some captive chimpanzees, wild chimpanzees did not exhibit disorganized attachment characterized by high rates of aggression. This rai...

      

      
        Invasive salmon, clams and seaweed are next threats to biodiversity in Britain
        Pink salmon, Purple Asian clams, marine invertebrates that form spaghetti-like colonies and a nematode worm that causes extensive deaths of trees are among the new entries in experts' watchlist of invasive non-native species that could threaten Great Britain in the next 10 years. The latest version of the watchlist again includes known problem species such as the yellow-legged (Asian) hornet, raccoon and twoleaf watermilfoil.

      

      
        It's not just El Nino: New climate phenomenon impacts Hawai'i rainfall
        El Nino-Southern Oscillation (ENSO) is known to have a significant impact on climate across the Pacific, including Hawai'i, and adjacent continents. However, atmospheric scientists have now revealed that the Pacific Meridional Mode (PMM), another climate pattern that operates in the eastern Pacific Ocean, plays a major role in the variability of rainfall in Hawai'i.

      

      
        Tapping a new toolbox, engineers buck tradition in new high-performing heat exchanger
        A team engineers created a twisty high-temperature heat exchanger that outperformed a traditional straight channel design in heat transfer, power density and effectiveness and used an innovative technique to 3D print and test the metal proof of concept.

      

      
        Helping birds and floating solar energy coexist
        How might floating solar energy projects impact wild birds and vice versa? A paper outlines key considerations for a growing floating solar industry.

      

      
        Microbial 'phosphorus gatekeeping' found at center of study exploring 700,000 years of iconic coastline
        A team of researchers investigated a sequence of coastal dunes of different ages (from 0-700,000 years old) in Cooloola National Park near Rainbow Beach to understand how soil microorganisms coped with severely declining levels of nutrients such as phosphorus in soil as the dunes got older. They found microbes -- such as fungi and bacteria -- acted is 'phosphorus gatekeepers' to deal with low phosphorus levels.

      

      
        Cell death discovery could lead to next-gen drugs for neurodegenerative conditions
        Researchers have discovered how to block cells dying, in a finding that could lead to new treatments for neurodegenerative conditions like Parkinson's and Alzheimer's. The team has identified a small molecule that can selectively block cell death.

      

      
        The kids are hungry: Juvenile European green crabs just as damaging as adults
        Scientists have found that juvenile European green crabs can do as much damage as adults to shellfish and native sea plants, calling into question current methods to eradicate the invasive crustaceans.

      

      
        The origins of language
        Wild chimpanzees alter the meaning of single calls when embedding them into diverse call combinations, mirroring linguistic operations in human language. Human language, however, allows an infinite generation of meaning by combining phonemes into words and words into sentences. This contrasts with the very few meaningful combinations reported in animals, leaving the mystery of human language evolution unresolved.

      

      
        First fossil evidence of endangered tropical tree discovered
        Scientists have discovered fossil evidence of an endangered, living tropical tree species. The unprecedented find was made in Brunei, a country on the large island of Borneo, and reveals a critical piece of the ancient history of Asia's rainforests, highlighting the urgent need for conservation in the region, according to researchers.

      

      
        Ultrasound unlocks a safer, greener way to make hydrogels
        Researchers have developed a new way to create hydrogels using ultrasound, eliminating the need for toxic chemical initiators. This breakthrough offers a faster, cleaner and more sustainable approach to hydrogel fabrication, and produces hydrogels that are stronger, more flexible and highly resistant to freezing and dehydration. The new method also promises to facilitate advances in tissue engineering, bioadhesives and 3D bioprinting.

      

      
        Antibiotics from human use are contaminating rivers worldwide, study shows
        Millions of kilometers of rivers around the world are carrying antibiotic pollution at levels high enough to promote drug resistance and harm aquatic life, a new study warns. The study estimated the scale of global river contamination from human antibiotics use. Researchers calculated that about 8,500 tons of antibiotics -- nearly one-third of what people consume annually -- end up in river systems around the world each year even after in many cases passing through wastewater systems.

      

      
        A more realistic look at DNA in action
        By creating a more true-to-life representation of DNA's environment, researchers have discovered that strand separation may take more mechanical force than the field previously believed.

      

      
        Novel, needle-free, live-attenuated influenza vaccines with broad protection against human and avian virus subtypes
        A research team has achieved a significant breakthrough in developing broadly protective, live-attenuated influenza vaccines (LAIV). These innovative LAIV platforms offer potential to develop universal influenza vaccines that induce a more robust immune response against various virus subtypes, including both human and avian strains.
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Tech meets tornado recovery | ScienceDaily
It started as a low, haunting roar building in the distance. It grew into a deafening thunder that drowned out all else. The sky turned an unnatural shade of green, then black. The wind lashed at trees and buildings with brutal force. Sirens wailed. Windows and buildings exploded.


						
In spring 2011, Joplin, Missouri, was devastated by an EF5 tornado with estimated winds exceeding 200 mph. The storm caused 161 fatalities, injured over 1,000 people, and damaged and destroyed around 8,000 homes and businesses. The tornado carved a mile-wide path through the densely populated south-central area of the city, leaving behind miles of splintered rubble and causing over $2 billion in damage.

The powerful winds of tornadoes often surpass the design limits of most residential and commercial buildings. Traditional methods of assessing damage after a disaster can take weeks or even months, delaying emergency response, insurance claims and long-term rebuilding efforts.

New research from Texas A&M University might change that. Led by Dr. Maria Koliou, associate professor and Zachry Career Development Professor II in the Zachry Department of Civil and Environmental Engineering at Texas A&M, researchers have developed a new method that combines remote sensing, deep learning and restoration models to speed up building damage assessments and predict recovery times after a tornado. Once post-event images are available, the model can produce damage assessments and recovery forecasts in less than an hour.

The researchers published their model in Sustainable Cities and Society. 

"Manual field inspections are labor-intensive and time-consuming, often delaying critical response efforts," said Abdullah Braik, coauthor and a civil engineering doctoral student at Texas A&M. "Our method uses high-resolution sensing imagery and deep learning algorithms to generate damage assessments within hours, immediately providing first responders and policymakers with actionable intelligence."

The model does more than assess damage -- it also helps predict repair costs and estimate recovery times. Researchers can assess these timelines and costs in different situations by combining deep learning technology, a type of artificial intelligence, with advanced recovery models.




"We aim to provide decision-makers with near-instantaneous damage assessment and probabilistic recovery forecasts, ensuring that resources are allocated efficiently and equitably, particularly for the most vulnerable communities," Braik said. "This enables proactive decision-making in the aftermath of a disaster."

How It Works

Researchers combined three tools to create the model: remote sensing, deep learning and restoration modeling.

Remote sensing uses high-resolution satellite or aerial images from sources such as NOAA to show the extent of damage across large areas.

"These images are crucial because they offer a macro-scale view of the affected area, allowing for rapid, large-scale damage detection," Braik said.

Deep learning automatically analyzes these images to identify the severity of the damage accurately. The AI is trained before disasters by analyzing thousands of images of past events, learning to recognize visible signs of damage such as collapsed roofs, missing walls and scattered debris. The model then classifies each building into categories such as no damage, moderate damage, major damage, or destroyed.




Restoration modeling uses past recovery data, building and infrastructure details and community factors -- like income levels or access to resources -- to estimate how long it might take for homes and neighborhoods to recover under different funding or policy conditions.

When these three tools are combined, the model can quickly assess the damage and predict short- and long-term recovery timelines for communities affected by disasters.

"Ultimately, this research bridges the gap between rapid disaster assessment and strategic long-term recovery planning, offering a risk-informed yet practical framework for enhancing post-tornado resilience," Braik said.

Testing The Model

Koliou and Braik used data from the 2011 Joplin tornado to test their model due to its massive size, intensity and availability of high-quality post-disaster information. The tornado destroyed thousands of buildings, creating a diverse dataset that allowed the model to be trained and tested across various levels of structural damage. Detailed ground-level damage assessments provided a reliable benchmark to check how accurately the model could classify the severity of the damage.

"One of the most interesting findings was that, in addition to detecting damage with high accuracy, we could also estimate the tornado's track," Braik said. "By analyzing the damage data, we could reconstruct the tornado's path, which closely matched the historical records, offering valuable information about the event itself."

Future Directions

Researchers are working on using this model for other types of disasters, such as hurricanes and earthquakes, as long as satellites can detect damage patterns.

"The key to the model's generalizability lies in training it to use past images from specific hazards, allowing it to learn the unique damage patterns associated with each event," Braik said. "We have already tested the model on hurricane data, and the results have shown promising potential for adapting to other hazards."

The research team believes their model could be critical in future disaster response, helping communities recover faster and more efficiently. The team wants to extend the model beyond damage assessment to include real-time updates on recovery progress and tracking recovery over time.

"This will allow for more dynamic and informed decision-making as communities rebuild," he said. "We aim to create a reliable tool that enhances disaster management efficiency and supports quicker recovery efforts."

The technology has the potential to transform how emergency officials, insurers and policymakers respond in the crucial hours and days after a storm by delivering near-instant assessments and recovery projections.

Funding for this research was provided by the National Science Foundation.
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Sharp depletion in soil moisture drives land water to flow into oceans, contributing to sea level rise | ScienceDaily
The increasing frequency of once-in-a-decade agricultural and ecological drought has underscored the urgency of studying hydrological changes. A research team from the Department of Land Surveying and Geo-informatics of The Hong Kong Polytechnic University (PolyU) has collaborated with international experts to analyse the estimated changes in land water storage over the past 40 years by utilising space geodetic observation technology and global hydrological change data. This innovative method has revealed a rapid depletion in global soil moisture, resulting in a significant amount of water flowing into the oceans, leading to a rise in sea levels. The research provides new insights into the driving factors behind the alarming reduction in terrestrial water storage and rise in sea levels. The findings have been published in the international journal Science.


						
Since polar motion reflects mass redistribution within the Earth system, integrating models and observations across the atmosphere, hydrosphere and lithosphere is crucial. However, previous challenges in measuring terrestrial water storage, particularly groundwater and root zone soil moisture, limited understanding of hydrological depletion at continental scales. Prof. Jianli CHEN, Professor of the PolyU Department of Land Surveying and Geo-informatics and core member of the Research Institute for Land and Space and the international team employed satellite altimetry and gravity missions, including the Gravity Recovery and Satellite Experiment (GRACE), and GRACE Follow-On, to enable continental-scale observations of terrestrial water storage variations. By integrating this with global mean sea levels and polar motion data, the team has explored terrestrial water storage depletion patterns. Notably, this study introduced novel methods for estimating global soil moisture, which improves the accuracy of continental and global scale modeling to enable a more effective understanding of soil moisture variations under climate change.

The melting of Greenland's ice sheet is recognised as the largest single contributor to the rise in global sea levels, adding approximately 0.8mm annually. This study reveals that between 2000 and 2002, the global terrestrial water storage significantly declined, with a total of 1,614 billion tons of water lost to the oceans, which is twice as much as resulting from the current melting of Greenland ice, and equivalent to a 4.5mm rise in sea levels. Since then, the rapid loss of terrestrial water storage has been followed by a more gradual but continuous depletion, with no signs of recovery.

In addition, compared to the period from 1979 to 1999, a notable decline in global average soil moisture was observed from 2003 to 2021. Between 2003 and 2011, the Earth's pole shifted 58cm toward 93deg East Longitude, demonstrating that the continued decline in soil moisture is leading to a reduction in terrestrial water storage.

The team also pointed out that precipitation deficits and stable evapotranspiration caused by global warming, changing rainfall patterns and increasing ocean temperatures are likely the key factors for the abrupt decline in terrestrial water storage. The ERA5-Land soil moisture data of the European Centre for Medium-Range Weather Forecasts' corroborates these findings, showing substantial terrestrial water storage losses in Africa, Asia, Europe, and South America. In Asia and Europe, the affected areas expanded from northeastern Asia and eastern Europe to broader regions across East and Central Asia, as well as Central Europe, following the sharp water storage depletion observed between 2000 and 2002.

With increasing agricultural irrigation in regions such as northeast China and the western United States, and global greening, soil moisture may further diminish in semi-arid areas with intensive agriculture and high levels of greening. The team suggests the need for improved land surface models which consider these factors for a more comprehensive understanding of long- term changes in terrestrial water storage.

Prof. Jianli Chen said, "Sea level change and Earth rotation serve as indicators of large-scale mass changes in the Earth system. Accurately measured sea level change and variation in Earth rotation provide a unique tool for monitoring large-scale mass changes in the global water cycle. By integrating multiple modern space geodetic observations, it enables comprehensive analysis of the driving factors behind changes in terrestrial water storage and sea level rise. This, in turn, provides reliable data for climate and Earth system science experts to further investigate drought issues, aiding authorities in formulating water resource management and climate change mitigation strategies to address new challenges posed by climate change."
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Tiny gas bubbles reveal secrets of Hawaiian volcanoes | ScienceDaily
Using advanced technology that analyzes tiny gas bubbles trapped in crystal, a team of scientists led by Cornell University has precisely mapped how magma storage evolves as Hawaiian volcanoes age.


						
Geologists have long proposed that, as the Hawaiian Islands slowly drift northwest with the Pacific Plate, they move away from a deep, heat-rich plume rising from near Earth's core. Young volcanoes like Kilauea -- positioned directly above the hotspot on Hawaii's main island -- receive a steady flow of magma. Far less is known about older volcanoes like Haleakala -- located northwest on the island of Maui -- where magma flow has significantly diminished.

The new research finds that as volcanoes move off the hotspot, their magma flow not only shrinks, but shifts deeper underground, reshaping assumptions about how Hawaii's volcanic "pluming system" has evolved.

"This challenges the old idea that eruptions are fueled by magma stored in the Earth's crust and suggests a new possibility," said lead author Esteban Gazel, "that magma is stored and matures in the Earth's mantle, and eruptions are fueled from this deep mantle reservoir."

By analyzing fluid inclusions -- tiny gas bubbles trapped inside crystals formed in magma -- the researchers calculated the pressure, and therefore the depth, at which the inclusions were trapped before an explosive eruption ejects them to the surface.

"The technology allows us to measure pressure from depths with an uncertainty as small as just hundreds of meters, which is very, very precise for depths that are tens of kilometers below the surface," Gazel said. "Before this, measuring magma storage was much more difficult, with uncertainties that could span kilometers."

To achieve such level of precision, researchers optimized a custom gas chamber that fits under a laser-based Raman spectrometer.

"Our contribution to significantly increase accuracy was to get the thermocouple inside the chamber and precisely control and measure temperature and pressure," Gazel said. By analyzing carbon dioxide behavior, researchers can determine its density and calculate the original depth of magma storage, he added.

The method was applied to samples from three Hawaiian volcanoes representing different evolutionary stages:
    	Kilauea, an active "shield" volcano, showed magma storage at shallow depths of 1-2 kilometers, consistent with previous findings;
    	Haleakala, in the post-shield stage, revealed dual storage zones: one shallow at approximately 2 kilometers and one deep at 20-27 kilometers in the Earth's mantle; and
    	Diamond Head, a rejuvenation-stage volcanic vent on the island of O'ahu, showed magma stored around 22-30 kilometers deep, all within the Earth's mantle.

"Knowing these depths precisely matters, because to understand the drivers of eruptions, one of the most important constraints is where magma is stored," Gazel said. "That is fundamental for physical models that will explain eruptive processes and is required for volcanic risk assessment."
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Climate change is turning coastal lagoons into 'salty soup' | ScienceDaily
The impacts of human activity and climate change are coalescing to make coastal lagoons saltier, changing the microbial life they support and the function they play in their ecosystems, according to new University of Adelaide research.


						
Coastal lagoons are critical ecosystems that provide essential habitats and ecosystem services, including carbon sequestration, nutrient cycling, and fisheries support.

"Under normal conditions, lagoons act as nurseries for fish and crustaceans, they are internationally important feeding grounds for migratory birds, and they protect coasts from storm surges," says the University's Dr Chris Keneally.

"Their microbial makeup is what makes this happen, recycling nutrients and fostering this high productivity, allowing diverse plant and animal life to flourish.

"However, a single hot, dry summer, like the one we have recently experienced, can completely shift this important habitat into a salty, green soup, leading to the microbes becoming less diverse and those that are salt-tolerant becoming more dominant.

"Key processes, such as nitrification, de-nitrification, and carbon cycling are then disrupted, altering nutrient retention, organic matter decomposition, and greenhouse gas emissions."

The trend of hypersalinity in coastal lagoons is global, occurring most often in arid and semi-arid coastal lagoons, such as those in Australia, the Mediterranean and the Persian Gulf. The phenomenon has accelerated in Australia over the last 40 years.




"The rise in salinity can be attributed to elevated temperatures, enhanced evaporation, reduced rain and freshwater inputs, and rising sea levels," says Dr Keneally, whose recent study was published in Earth-Science Reviews.

"Human factors such as upstream water diversions, urbanisation and development, and groundwater depletion also reduce freshwater inflow to coastal lagoons.

"We can mitigate the impacts of these activities by restoring environmental flows. Allocating water for the environment can maintain lagoon flushing, and nutrient runoff can be reduced by upgrading wastewater plants, re-establishing wetlands, and increasing efforts to retain nutrients in our agricultural lands throughout catchments worldwide.

"To buffer the effects of drought or sea-level rise, we could also re-open closed tidal inlets to improve mixing, or improving salt tolerant vegetation coverage to trap sediment and slow evaporation."

A lagoon can bounce back surprisingly fast when appropriately flushed. After the record 2022 Murray-Darling floods, South Australia's Coorong Lagoon's microbiome shifted back toward its healthier, more diverse state within months, demonstrating that timely freshwater inputs can rapidly reverse 'salty soup' conditions.

Addressing high salinity and nutrient pollution in lagoons benefits the ecosystems they serve while mitigating human health impacts.

"Fish kills hurt local fisheries, algae blooms may produce toxins or airborne irritants, and lost seagrass can weaken coastal flood protection," says Dr Keneally.

"Emerging research also suggests degradation can make these ecosystems a source of potent greenhouse emissions, adding to climate impacts felt well beyond the shoreline."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250514141905.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dexterity and climbing ability: how ancient human relatives used their hands | ScienceDaily
Scientists have found new evidence for how our fossil human relatives in South Africa may have used their hands. Research led by Samar Syeda, postdoctoral researcher at the American Museum of Natural History, together with scientists at the Max Planck Institute for Evolutionary Anthropology, the University of the Witwatersrand, University of Kent, Duke University and the National Geographic Society, investigated variation in finger bone morphology to determine that South African hominins not only may have had different levels of dexterity, but also different climbing abilities.


						
To the point
    	Different hand use: Two ancient human relatives, Australopithecus sediba and Homo naledi, had different finger bone morphologies that indicate they used different types of hand grips, both when using tools and when climbing
    	Internal structure of the finger bones: A. sediba had a mix of ape-like and human-like features, while H. naledi had a unique pattern of bone thickness, suggesting different loading patterns and possible grip types.
    	Human Evolution: Ancient human relatives adapted to their environments in diverse ways, balancing tool use, food processing, and locomotion, challenging the traditional view of a single, linear transition from upright walking to advanced tool use.

This new research focuses on two, almost complete fossil hand skeletons found in South Africa. One is the hand of Australopithecus sediba, first discovered in 2010 at the site of Malapa and dated to approximately two million years old. The other hand skeleton is from the more recent, but perhaps more enigmatic, Homo naledi, first found in 2015 deep within the Rising Star Cave system and dated to around 250,000 years ago.

Neither hominin has yet been found in direct association with stone tools, but several aspects of their hand and wrist morphology suggest that they had a degree of hand dexterity much more similar to that of humans than to living chimpanzees or gorillas. "Since stone tools are found in South Africa by at least 2.2 million years ago (and in East Africa by as early as 3.3 million years ago), and many primates are all excellent stone tool users, it is not surprising that A. sediba and H. naledi would be dexterous tool users as well. However, how exactly they used tools and if they manipulated their tools in similar ways is unclear," says senior author, Tracy Kivell.

Moreover, both A. sediba and H. naledi are also found with many other bones of their skeleton that preserve ape-like features, particularly bones of their upper limbs, that would be advantageous for climbing. If these features reflect actual climbing in these individuals or are simply evolutionary hold-overs from an ancestor that climbed, is a longstanding debate in palaeoanthropology.

Fossil hands reveal ancient human behavior

To help address these questions, Syeda and her colleagues investigated variation in the internal structure -- the cortical bone -- of the fingers in A. sediba and H. naledi. Bone is a living tissue that can adapt its structure in response to how we use and load our skeleton during life, getting thicker where loads are higher and thinner where loads are lower. Therefore, variation in the internal cortical thickness can provide new insights in how these two hominin fossils may have actually used their hands during their lifetimes.




"We found that A. sediba and H. naledi show different functional signals in the cortical bone structure of their fingers," says Samar Syeda, lead author of the study. In A. sediba, the distribution of the cortical bone within the proximal and intermediate phalanges of most of its fingers is like that of apes. However, bones of its thumb and pinky finger are more like those of humans. Syeda concludes that "these two digits are more likely to reflect potential signals of manipulation because they are less often used or experience less load during climbing or suspensory locomotion. When we combine these results with the remarkably long, human-like thumb of A. sediba, it suggests that A. sediba used its hand for both tool use and other dexterous behaviours, as well as climbing."

Homo naledi's hands show unique grip pattern

H. naledi, in contrast, is unusual in showing a human-like signal in its proximal phalanges (the bones that articulate with the palm) but an ape-like signal in its intermediate phalanges (the bones within the middle of the fingers). "This distinct pattern was unexpected and indicates that H. naledi likely used and loaded different regions of its fingers in different ways," says Syeda. This kind of loading pattern is typical of only certain grip types used today, like crimp grips, used often by rock climbers, where the surface is grasped primarily by just the tips of the fingers. H. naledi also has unusually highly curved finger bones, particularly for a hominin that lived at the same time as the earliest members of our species, Homo sapiens, which is another indication that it used its hands for locomotion.

While more research is needed to further test if H. naledi may have used crimp-like grips or climbed rocks, it is clear that throughout human evolution there were different ways of combining enhanced dexterity for tool use and food processing with the continued need to use the hands to climb, be it trees or rocks, within the South African palaeolandscape. "This work offers yet more evidence that human evolution is not a single, linear transition from upright walking to increasingly better tool use, but is rather characterized by different 'experiments' that balanced the need to both manipulate and to move within these past environments," says Kivell.
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The ripple effect of small earthquakes near major faults | ScienceDaily
When we think of earthquakes, we imagine sudden, violent shaking. But deep beneath the Earth's surface, some faults move in near silence. These slow, shuffling slips and their accompanying hum -- called tremors -- don't shake buildings or make headlines. But scientists believe they can serve as useful analogs of how major earthquakes begin and behave.


						
A new study by geophysicists at UC Santa Cruz explains how some of these tremor events can yield insights into how stress builds up on the dangerous faults above where major earthquakes occur. The study, to be published on May 14 in the journal Science Advances, was led by Gaspard Farge, a postdoctoral researcher in the university's Seismo Lab, and Earth and planetary sciences professor Emily Brodsky, the lab's principal investigator.

When faults where tectonic plates meet slip fast past each other, earthquakes result. Tremors are produced when this happens slowly, usually tens of miles underground -- often in subduction zones, where one plate dives beneath another. Tremors don't pose immediate danger, but they also shouldn't be ignored because they often happen in the vicinity of where the world's biggest earthquakes eventually occur, say the study's authors.

"We find that the faults that produce tremor are more sensitive and connected to their surroundings than previously thought," said Farge, who researches what processes shape minute seismic activity. "Even small, frequent earthquakes can affect how a major fault behaves."

Chaotic effect of small quakes

Farge and Brodsky discovered that small earthquakes, even those tens of kilometers away from the main fault, can disturb a tremor's natural rhythm. As a patch of the fault begins to slip, it usually nudges its neighbors along for the ride -- leading to large, synchronized tremor episodes. But when small quakes send seismic waves rippling through the area, they can throw off that coordination.

These outside disturbances can either speed up or delay tremor activity, depending on timing and location. And because small earthquakes happen far more often than large ones, they may constantly jostle the system out of synchrony.




Over time, this could explain why some segments of a fault show highly regular tremor patterns -- slipping in coordinated episodes -- while others remain chaotic. The segments aren't just shaped by the rocks underground, a marble here, granite there; they also adapt to the constant perturbation from nearby seismic activity.

The dynamic Northwest

This pattern is evident in the Cascadia subduction zone, which extends from Northern California, through Oregon and Washington, to British Columbia. The zone produces extensive tremor activity and very large earthquakes on a 400-year basis. Across Oregon, the subduction is almost silent -- and without perturbation from earthquakes -- the plate slips like a clock, every year and a half in a section hundreds of kilometers long, tremor producing events.

In Northern California, however, the activity of small earthquakes near Cape Mendocino disturbs the regularity of the fault, and the tremor is produced in small, disorganized episodes.

Scientists have known that the shape and makeup of a fault zone -- the rock types, temperature, water content, and even the slope of the sinking plate -- all help define how and where a tremor happens. These are called structural factors, and they affect how sticky the fault is and how easily it slips.

But this new study introduces a twist: dynamic factors, like the stress waves from small earthquakes nearby, may also shape when and where tremor happens -- and whether it occurs in a smooth, predictable way or in a scattered, messy fashion.




"These findings go beyond tremors. By showing how small earthquakes can affect the timing and behavior of slow fault movements, this discovery opens up new ways to understand the buildup to large, damaging earthquakes," said Brodsky, a leading earthquake physicist. "If we can track how a tremor responds to these small stress nudges, it may be possible to read the stress landscape of a fault -- offering clues about where and when it might rupture in a big way."

Quake magnitude isn't everything

This study shifts our understanding of a common assumption: that only large forces shape the behavior of major earthquake faults. In fact, tiny, nearby quakes -- usually considered too small to matter -- may play an outsized role in defining where and how the Earth's plates slip past one another. That means that by listening to the Earth's quietest rumbles, we may be able to learn how to better anticipate its loudest ones.

"Ultimately," Brodsky said, "this study proposes a way to measure the elusive dynamic factors that influence how fault slips -- the stress landscape that informs how stress is built up on these dangerous faults."

"The fact that we can measure and understand the effects of earthquakes' perturbation on slow fault ruptures gives us hope that we could use the same logic to understand where earthquakes should be expected to be regular, and where not," Farge concludes.
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Microplastics in Texas bays are being swept out to sea | ScienceDaily
From tiny pellets to creepy wave-battered baby dolls, the Texas coast is a notable hot spot for plastic debris.


						
But when researchers from The University of Texas at Austin went searching for microplastics in sediments pulled from the bottom of Matagorda Bay and its surrounding inlets, they didn't find much.

Most of their samples contained only tens to hundreds of microplastic particles for each kilogram of sediment. This is hundreds to thousands of times less than other bayside environments around the world.

Their findings, which were published in Environmental Science & Technology, suggest that rather than settling at the bottom of the bay, microplastics are being swept out to the wider Gulf of Mexico.

That's a problem, according to researchers at the UT Jackson School of Geosciences who led the research. Once in the open water, the microplastics can absorb chemicals from the surrounding environment and can build up in the bodies of migratory birds, sea life -- and eventually humans.

"It's good that the bay is not a microplastic dump or hotspot," said study co-author Cornel Olariu, a research associate professor in the Jackson School's Department of Earth and Planetary Sciences. "But the bad thing is they move around much easier than we thought ... and they're a threat to everything up to us."

The study is the first time that researchers have examined the prevalence of microplastics in Texas bay sediments. The results provide important baseline data. They also show that since the bay is not retaining microplastics, more research is needed on where they're off to next.




"We as geoscientists are applying our understanding of sediment transport to understanding where these contaminated particles are being deposited or concentrating in these coastal systems," said the study's lead author William Bailey, a graduate student at the Jackson School. "We can figure out where particles might be routed."

Bailey is using the data collected in this study to make a model for where the microplastics from the Matagorda Bay area may be heading.

The research is part of a new field of geosciences called "environmental sedimentology." This field treats microplastic fragments like sediment grains from rock. Researchers in this field are interested in where the fragments originate, how they travel in the environment, and where they end up.

For this study, researchers took 122 sediment samples from Matagorda Bay, East Matagorda Bay., and San Antonio Bay. They then took the samples back to the lab to separate out microplastic fibers and fragments from the surrounding mud. Throughout the project, the researchers had to take care not to introduce plastic waste of their own. That involved wearing clothing made from natural fibers, lining sample bags with foil, and using custom-blown glassware for filtering the samples.

Humans produce a lot of microplastic waste. One microfiber fleece jacket sheds about 6 million fibers with every wash, said Bailey. What's more, Matagorda Bay is home to a plastics factory that produces plastic pellets -- commonly called "nurdles" -- that serve as a feedstock for plastic products.

With that in mind, the researchers said it wasn't surprising that they found the most microplastics in samples that were taken closer inland. However, the microplastics dispersed throughout the environment without a clear correlation to surrounding sediment grain size, organic matter, water depth or distance from the shoreline. These are factors that usually influence the transport of geologic sediments.




The researchers point to the plastic's low density and the bay's windy and shallow environment to explain why the microplastics are so easily swept out to sea. With water not much more than 13 feet deep, high winds and hurricanes are constantly reworking sediment at the bottom of the bay, the researchers said.

Microplastics are a ubiquitous global pollutant, and the scientific community is playing catch up when it comes to measuring their abundance and influence, said Jace Tunnell, the founder of the citizen science initiative Nurdle Patrol that tracks plastic pellets.

There is currently no standardized method for analyzing microplastics in environmental samples. Tunnell, who was not involved with the research, said that this study provides much-needed data about microplastics on the Texas coast.

"The work that UT and other research institutions are doing, it's so important because if nobody's looking into this stuff, there's no way to ever say that there's a problem," said Tunnell, who also serves as the director of Community Engagement at Texas A&M University-Corpus Christi's Harte Research Institute. "Hopefully, when we know there's a problem, there are actual solutions that can be developed."

The research was funded by the Matagorda Mitigation Trust and the Jackson School of Geosciences. Jackson School Professor David Mohrig is a co-author on the study.
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Fossil tracks show reptiles appeared on Earth up to 40 million years earlier | ScienceDaily
The origin of reptiles on Earth has been shown to be up to 40 million years earlier than previously thought -- thanks to evidence discovered at an Australian fossil site that represents a critical time period.


						
Flinders University Professor John Long and colleagues have identified fossilised tracks of an amniote with clawed feet -- most probably a reptile -- from the Carboniferous period, about 350 million years ago.

"Once we identified this, we realised this is the oldest evidence in the world of reptile-like animals walking around on land -- and it pushes their evolution back by 35-to-40 million years older than the previous records in the Northern Hemisphere," says Professor Long, Strategic Professor in Palaeontology at Flinders.

Published today in the journal Nature, this discovery indicates that such animals originated in the ancient southern supercontinent of Gondwana, of which Australia was a central part

The fossil tracks, discovered in the Mansfield district of northern Victoria in Australia, were made by an animal that Professor Long predicts would have looked like a small, stumpy, Goanna-like creature.

"The implications of this discovery for the early evolution of tetrapods are profound," says Professor Long.

"All stem-tetrapod and stem-amniote lineages must have originated during the Devonian period -- but tetrapod evolution proceeded much faster, and the Devonian tetrapod record is much less complete than we have believed."

Fossil records of crown-group amniotes -- the group that includes mammals, birds and reptiles -- begin in the Late Carboniferous period (about 318 million years old), while previously the earliest body fossils of crown-group tetrapods were from about 334 million years ago, and the oldest trackways about 353 million years old.




This had suggested the modern tetrapod group originated in the early Carboniferous period, with the modern amniote group appearing in the early part of the Late Carboniferous period.

"We now present new trackway data from Australia that falsify this widely accepted timeline," says Professor Long, who worked with Australian and international experts on the major Nature journal paper.

"My involvement with this amazing fossil find goes back some 45 years, when I did my PhD thesis on the fossils of the Mansfield district, but it was only recently after organizing palaeontology field trips to this area with Flinders University students that we got locals fired up to join in the hunt for fossils.

"Two of these locals -- Craig Eury and John Eason (coauthors on the paper) -- found this slab covered in trackways and, at first, we thought they were early amphibian trackways, but one in the middle has a hooked claw coming off the digits, like a reptile -- an amniote, in fact.

"It was amazing how crystal clear the trackways are on the rock slab. It immediately excited us, and we sensed we were onto something big -- even though we had no idea just how big it is."

The Flinders palaeontology team working on this project included Dr Alice Clement, who scanned the fossil footprints to create digital models that were then analysed in detail, working closely with a team from Uppsala University led by Professor Per Erik Ahlberg, a member of the Royal Swedish Academy of Sciences.




"We study rocks and fossils of the Carboniferous and Devonian age with specific interest to observe the very important fish-tetrapod transition," says Dr Clement.

"We're trying to tease apart the details of how the bodies and lifestyles of these animals changed, as they moved from being fish that lived in water, to becoming tetrapods that moved about on land."

Another coauthor Dr Aaron Camens, who studies animal trackways from around Australia, produced heatmaps that explain details of the fossil footprints much more clearly.

"A skeleton can tell us only so much about what an animal could do, but a trackway actually records its behaviour and tells us how this animal was moving," says Dr Camens.

Because Professor Long had been studying ancient fish fossils of this area since 1980, he had a clear idea of the age of rock deposits in the Mansfield district -- from the Carboniferous period, which started about 359 million years ago.

"The Mansfield area has produced many famous fossils, beginning with spectacular fossil fishes found 120 years ago, and ancient sharks. But the holy grail that we were always looking for was evidence of land animals, or tetrapods, like early amphibians. Many had searched for such trackways, but never found them -- until this slab arrived in our laboratory to be studied.

"This new fossilised trackway that we examined came from the early Carboniferous period, and it was significant for us to accurately identify its age -- so we did this by comparing the different fish faunas that appear in these rocks with the same species and similar forms that occur in well-dated rocks from around the world, and that gave us a time constraint of about 10 million years."

La Trobe University's Dr Jillian Garvey, who liaised with the Taungurung Land and Waters Council for the study, has researched in the Mansfield basin since the early 2000s.

"This discovery rewrites this part of evolutionary history," Dr Garvey says. "It indicates there is so much that has happened in Australia and Gondwana that we are still yet to uncover."
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Genome of near-extinct northern white rhino offers hope for reviving the species | ScienceDaily
The northern white rhinoceros is one of the rarest animals on Earth, with just two females left and no natural way for the species to reproduce. Now, an international team of scientists at Scripps Research, the San Diego Zoo Wildlife Alliance, Max Planck Institute for Molecular Genetics, and other collaborators have mapped the entire genome of a northern white rhino. This represents a crucial step toward bringing the critically endangered species back from the edge using advanced reproductive technologies.


						
The complete genome can be used as a reference to analyze the health of previously developed northern white rhinoceros stem cells. Eventually, those stem cells may be able to generate sperm and eggs to yield new rhinos. The genome was published on May 13, 2025, in PNAS.

"What's so exciting about this milestone is that we're getting closer to being able to rescue animals that otherwise might go extinct during our lifetimes," says co-senior author Jeanne Loring, Professor Emeritus at Scripps Research and a research fellow at the San Diego Zoo Wildlife Alliance. "This is great progress not only for white rhinos, but for the entire field of animal conservation."

The new effort combined cutting-edge DNA sequencing and genome mapping techniques to build a high-quality genome. Scientists used cells previously collected from a male northern white rhinoceros named Angalifu, who lived at the San Diego Zoo Safari Park until his death in 2014. At the time, his skin cells were cryopreserved in the San Diego Zoo Wildlife Alliance's Frozen Zoo(r).

"We layered together multiple technologies to make the most accurate genomic map possible," says Loring. "It's like the rhino version of the Human Genome Project."

This new genome also represents a vital tool toward saving the endangered species. In 2011, Loring's team created the first induced pluripotent stem cells from northern white rhinos. They have since, in collaboration with the San Diego Zoo Wildlife Alliance, created other lines of stem cells from nine different individual northern white rhinos. These lab-grown cells have the ability to become any other cell type, including eggs and sperm that could potentially be used to create embryos.

"Collaboration was integral to achieving this milestone," says Marisa Korody, a scientist in conservation genetics at the San Diego Zoo Wildlife Alliance. "This high-quality reference genome is a key piece of the puzzle that helps us understand how the stem cells are functioning and guides our next steps in the genetic rescue process. None of it would be possible without the Frozen Zoo and the rhinos whose cells were preserved decades ago."

But one major hurdle has always been quality control. Without a reference genome, scientists didn't know whether any of those stem cells had picked up harmful mutations during lab growth -- a common problem in both human and animal stem cells. In the new research, Loring's team was able to use the new, complete genome to analyze the previously created stem cell lineages. They discovered that one of the most promising of the stem cell lines had a large chunk of DNA missing -- more than 30 million base pairs affecting over 200 genes, including those involved in reproduction and tumor suppression.




"If we hadn't built this genome, we wouldn't have known that," adds Loring. "We thought we had a good stem cell line, but it turns out it had a mutation that could have made it unsafe to use for reproduction. Now we can go back and screen all the others. This becomes the gold standard for deciding which cells to move forward with."

The new genome also settled lingering questions about how different northern and southern white rhinos really are. Some earlier data suggested significant DNA differences that might make it risky for southern white rhinos to be implanted with northern white rhino embryos. But updated comparisons show their genomes are strikingly similar, giving scientists confidence that southern white rhinos -- which are far more numerous -- can serve as surrogates without major complications.

For Loring, who's been working on this project since 2007, the new genome is a symbol of what's possible. "Now that we have their genome, we can apply all the tools we've developed for humans -- CRISPR gene editing, reporter genes, everything -- to help rescue them."

The work also sets a powerful example for other endangered species, Loring says. Efforts to save hundreds of different endangered species -- from mammals and birds to plants and corals -- depend on careful biobanking like that being done by the Frozen Zoo.

"The Frozen Zoo had the foresight to freeze actual cells from these animals," she says. "That means we're not trying to recreate a species from scraps of ancient, damaged DNA. We have the real thing."

Ultimately, the goal is to grow healthy embryos and implant them into surrogate mothers, then raise the resulting calves in protected environments. It's not Jurassic Park, Loring is quick to point out, and it doesn't depend on gene editing or engineering.

"We're not resurrecting a mystery species -- we're restoring one we still know intimately," she adds. "The rhino is big, gentle and unforgettable. It's the perfect symbol for what science can do to fight extinction."

This work was supported in part by the Germany Federal Ministry for Education and Research (IntraEpiGliom, FKZ 406 13GW0347, P4D, FKZ 01EK2204C), the Max Planck Society, the Deutsche Forschungsgemeinschaft (EXC 22167-390884018 410, CRC-1665 -515637292).
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New hope against superbugs: Promising antibiotic candidate discovered | ScienceDaily
An international team of researchers, led by the University of Vienna and the Helmholtz Institute for Pharmaceutical Research Saarland, has discovered saarvienin A, a new type of glycopeptide antibiotic. Their findings, now published in Angewandte Chemie International Edition, introduce a compound with strong activity against highly resistant bacterial strains.


						
Antibiotic-resistant infections are on the rise, threatening to make even common diseases deadly again. Without new antibiotics, experts warn that up to 100 million lives could be lost annually by 2050. In search for new compounds, researchers from several institutions, including the University of Vienna and the Helmholtz Institute for Pharmaceutical Research Saarland (HIPS), have turned to the study of actinobacteria -- microorganisms that are well-known for living in unusual environments and producing antibiotics such as vancomycin, rifamycin, and chelocardin. Jaime Felipe Guerrero Garzon from the Division of Pharmacognosy at the University of Vienna's Department of Pharmaceutical Sciences, discovered strong antibiotic activity in extracts from a strain of Amycolatopsis isolated from a Chinese rare earth mine, which prompted further investigation. Martin Zehl, Head of the Mass Spectrometry Center at the University of Vienna, found out that this antibiotic activity was associated with a potentially novel compound of the class glycopeptides. Using mass spectrometry and nuclear magnetic resonance (NMR) spectroscopy, the collaborating team at HIPS identified a completely new molecule: saarvienin A.

Breaking the rules: A glycopeptide with a twist 

Saarvienin A's special feature became clear early on: unlike established glycopeptides such as vancomycin, the new compound does not bind the typical bacterial target involved in cell wall synthesis. Instead, it probably acts through a different, as yet unresolved mechanism. Structural analysis revealed a distinctive architecture: a halogenated peptide core cyclized through an unusual ureido linkage, decorated with a chain of five sugar and aminosugar units -- two of which are completely new to natural products. "We were excited to find that saarvienin A doesn't fit into any known category," said Jaime Felipe Guerrero. "Its unique structure could pave the way for antibiotics that bacteria have never encountered before."

A strong weapon against resistant bacteria 

In close collaboration, researchers at HIPS, led by corresponding author Rolf Muller, characterized the biological activity of saarvienin A, named after Saarbrucken and Vienna. Tests of the new molecule against bacteria focused in particular on "ESKAPE pathogens" -- a notorious group of superbugs known to evade most current antibiotics. The compound showed remarkable acivity against vancomycin-resistant Enterococcus and methicillin-resistant Staphylococcus aureus (MRSA), including 3 ESKAPE pathogens and 26 clinical isolates. It consistently outperformed vancomycin, even against strains already resistant to multiple other antibiotics. "Discovering a new antibiotic is only the beginning," said corresponding author Sergey B. Zotchev from the University of Vienna. "Now we face the fascinating challenge of refining it into a drug candidate suitable for clinical use."

Next steps: Engineering for the clinic 

With the biosynthetic genes for saarvienin A already identified and cloned, the international team plans to use medicinal chemistry and biosynthetic engineering to optimize the molecule. A key goal is to reduce cytotoxicity while maintaining antibacterial activity. Although challenges remain, the discovery of saarvienin A provides much-needed momentum in the fight against antibiotic resistance -- and highlights the potential of unexplored natural sources.
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Uncovering compounds that tame the heat of chili peppers | ScienceDaily
When biting into a chili pepper, you expect a fiery sensation on your tongue. This spiciness is detected because of capsaicinoid compounds. But for some peppers, despite high levels of capsaicinoids, the heat is mysteriously dull. Now, researchers reporting in ACS' Journal of Agricultural and Food Chemistry have identified three compounds that lessen peppers' pungency. These results challenge the reliability of the century-old Scoville scale, which traditionally bases its rating on two capsaicinoids.


						
"The discovery of natural dietary compounds that reduce pungency presents promising opportunities for both the food and pharmaceutical industries," says Devin Peterson, the corresponding author of the study.

Capsaicinoids are a group of compounds that produce the strong spicy sensation or pungency that comes with consuming chili peppers. The combined amount of capsaicin and dihydrocapsaicin in a pepper is used to calculate its heat intensity rating on the Scoville scale, ranging from zero Scoville Heat Units (SHU) for bell peppers to millions of SHU for the hottest peppers. However, some of these fruits have less heat than would be expected from their Scoville rating, which suggests that something else in the pepper influences that spicy sensation. So, Peterson, Joel Borcherding and Edisson Tello wanted to investigate multiple chili pepper varieties for potential spiciness suppressors.

Initially, they collected dry, powdered samples from 10 types of peppers, including Chile de arbol, serrano, African bird's eye, Fatalii and Scotch bonnet. The amount of capsaicin and dihydrocapsaicin in each was determined by liquid chromatography mass spectrometry. Then a trained panel of taste testers evaluated the intensity of the powders in tomato juice. Each mixture had 800 SHU (a level meant to be spicy but tolerable). Despite the same amount of capsaicin and dihydrocapsaicin in each tasting sample, the 10 peppers' perceived heat intensities ranged significantly, suggesting other chemical constituents in the peppers impacted the sensation.

After additional chemical composition analyses on the pepper powders and performing complex statistical analysis, the researchers identified five compounds that could be modulating pepper spiciness. Another set of panelists assessed whether these compounds, alone or in combination, changed the pungency of capsaicin and dihydrocapsaicin. Three of the five compounds (capsianoside I, roseoside and gingerglycolipid A) reduced the heat intensity, though they didn't have an additive effect when combined. In addition, none of the spiciness suppressors had a noticeable flavor in water.

"These advancements could enable the customization of desirable spicy flavor profiles or lead to the creation of a household ingredient designed to tone down excessive heat in dishes -- the anti-spice," says Peterson. "Additionally, they hold significant medical potential in the design of (non-opioid) analgesic agents for pain management."

The authors acknowledge funding from the Flavor Research and Education Center at The Ohio State University. 
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Making connections: A three-dimensional visualization of musculoskeletal development | ScienceDaily
The musculoskeletal system plays an indispensable role in supporting our life, as it performs a variety of essential functions -- providing structural support, enabling movement such as walking and lifting, protecting internal organs, maintaining posture, generating heat through muscle activity, and coordinating with the nervous system. One of the many complexities of this system lies in how its components -- tendons, ligaments and cartilage -- establish precise connections during embryonic development. Traditional methods, which often rely on histological analysis of thin tissue segments, have limitations in capturing the spatial organization and dynamic integration of these tissues in a three-dimensional (3D) context. To address this challenge, a research team from Hiroshima University has developed a novel fluorescent mouse model combined with high-resolution imaging techniques. This approach allows for clear and comprehensive visualization of how musculoskeletal components are organized and connected during organogenesis, providing new insights into the complex process of locomotor system development.


						
Researchers published their results in Development on March 26, 2025.

A key feature of this study is the use of a newly developed double-reporter mouse model combined with fluorescent imaging to investigate the complex processes required to form proper connections between cartilaginous and tendinous/ligamentous tissue that connect muscles and skeletal elements during embryogenesis. The double-reporter model enables the simultaneous tracking of two distinct reporter genes. In this study, mice expressing red and green fluorescent proteins in the expression domains of Scx and Sox9, respectively, were used to visualize the desired biological event of interest. The goal of this study is to elucidate how musculoskeletal components are integrated during organogenesis.

"Traditional methods using thin tissue sections have limitations in preserving structural integrity, which makes it difficult to study the 3D organization of these tissues. Our approach overcomes these challenges by combining tissue clearing of a newly established double fluorescent reporter mouse model with high-resolution fluorescence imaging," said Chisa Shukunami, a professor at Hiroshima University's Graduate School of Biomedical and Health Sciences.

The connection between muscle and cartilaginous primordia (early embryonic structures) via tendons, or between cartilaginous primordia via ligaments, must be precisely regulated in both spatial and temporal aspects to ensure the proper formation of a healthy and functional musculoskeletal system. To visualize this process, mouse models expressing fluorescent proteins are commonly used. Fluorescent proteins act as markers by emitting fluorescent light -- causing specific cell populations to glow -- and make it possible to observe where these cells are located and how they behave inside the body. This approach allows scientists to track these cells as they change position over time and to better understand how musculoskeletal tissues are assembled during development.

This study focuses on two molecules with tissue-specific expression patterns. One is Scleraxis (Scx), a basic helix-loop-helix transcription factor expressed during tendon and ligament formation. The other is SRY-box containing gene 9 (Sox9), a transcription factor essential for cartilage development. Mouse lines with ScxTomato and Sox9EGFP were crossed to obtain ScxTomato;Sox9EGFP mice. In the newly established double-reporter mouse model, red fluorescence highlights the Scx-expressing domains, corresponding to sites of tendon and ligament formation, while green fluorescence marks areas where Sox9 is active, indicating regions of cartilage formation.

"By combining double fluorescent reporter mice with Scx-deficient mice, we demonstrated that Scx not only regulates tendon and ligament maturation, but also plays an important role in controlling muscle morphology and its attachment to cartilaginous bone primordia. These findings provide new insights into how the musculoskeletal system is established," said Shukunami.

Additionally, it was found that the Scx+/Sox9+ cells exhibit heterogeneity in the expression levels of Scx and Sox9, meaning that there is some variability in the expression of these cells within the same cell population of cells in a given tissue. Such diversity in expression may be involved not only in developmental processes but also in tendon and ligament regeneration and the onset of related disorders, providing important implications for future research in musculoskeletal disorders.

Researchers hope to combine the double-fluorescent reporter mice with various genetically modified mice to investigate how the musculoskeletal system is established during embryonic development. While much of this research focuses on developing embryos, further investigation on postnatal mice -- using tissue clearing techniques and 3D fluorescent imaging -- may shift toward observing the postnatal maturation of tendons and ligaments. These efforts to uncover how tendons, ligaments and cartilage form connections could provide extremely valuable insights for the development of new diagnostic tools and treatment strategies for age or sport-related injuries related to these tissues.
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Australia's oldest prehistoric tree frog hops 22 million years back in time | ScienceDaily
Newly discovered evidence of Australia's earliest species of tree frog challenges what we know about when Australian and South American frogs parted ways on the evolutionary tree.


						
Previously, scientists believed Australian and South American tree frogs separated from each other about 33 million years ago.

But in a study published today in Journal of Vertebrate Palaeontology, palaeontologists from UNSW Sydney say the new species, Litoria tylerantiqua, is now at about 55 million years old, the earliest known member of the pelodryadid family of Australian tree frogs.

The study is based on fossils unearthed from Murgon on the traditional lands of the Waka Waka people of south-eastern Queensland. The new species, Litoria tylerantiqua, is named in honour of the late Michael Tyler, a renowned Australian herpetologist globally celebrated for his research on frogs and toads.

"It is only fitting to name Australia's earliest tree frog in honour of a man who was a giant in Australian frog research and in particular the first to explore the fossil record for Australian frogs," says study lead author Dr Roy Farman, an adjunct associate lecturer with UNSW School of Biological, Earth & and Environmental Sciences.

Evolutionary history of Australian tree frogs

Around 55 million years ago, Australia, Antarctica and South America were linked together as the last remnants of the southern supercontinent Gondwana. Global climates were warmer during this period, while a forested corridor linked South America and Australia.




Up until now, it was thought the earliest Australian tree frogs came from the Late Oligocene (about 26 million years ago) and the Early Miocene (23 million years ago). Fossils of the Late Oligocene were found at Kangaroo Well in the Northern Territory and Etadunna Formation at Lake Palankarinna, South Australia, while the Riversleigh World Heritage Area in Queensland revealed tree frogs from the Early Miocene.

But the new species extends the fossil record of pelodryadids by approximately 30 million years, to a time potentially close to the divergence of Australian tree frogs from the South American tree frogs.

Previous estimates based on molecular clock studies -- a method scientists use to figure out when different species split from a common ancestor by looking at the rate of genetic changes over time -- suggested that Australian and South American tree frogs separated from each other at about 33 million years ago.

"Our research indicates that that date is at least 22 million years too young," Dr Farman says.

"While molecular studies are important for understanding the evolutionary relationships of different groups of animals, these studies should be calibrated using knowledge from the fossil record and in this case the fossil record provides a more accurate time for separation of the southern world's tree frogs."

Using new technology to study ancient frogs

To conduct this research, the authors used CT scans of spirit-preserved frogs from Australian museum collections to compare the three-dimensional shape of the fossil bones with those of living species. The technique -- called three-dimensional geometric morphometrics -- has only been used on fossil frogs once before. Using these new methods, they were able to unravel the relationships of these fossils to all other groups of frogs living and extinct.




"We had a real problem at the start of this study because the pelvic bones of most living frogs were invisible inside whole pickled frogs rather than available for study as skeletons," Dr Farman says.

"Museums understandably want to ensure these often unique or rare pickled specimens remain intact for molecular studies because DNA can be obtained from their soft tissues. This meant that instead of skeletonising these specimens, we needed instead to make CT scans of them, enabling us to create 3D models of their otherwise invisible skeletons.

"Using these cutting-edge investigative methods, we were able to determine from the shape of the fossil ilia -- one of three bones that make up each side of the pelvis -- that this new Murgon species of frog is more closely related to the Australian tree frogs (pelodryadids) than the South American tree frogs (phyllomedusids)."

Seasoned survivors that outlasted the dinosaurs

Litoria tylerantiqua joins the only other Murgon frog, the ground-dwelling Platyplectrum casca (previously described as Lechriodus casca), as the oldest frogs known from Australia. Both have living relatives in Australia and New Guinea demonstrating remarkable resilience over time.

"Despite their delicate nature, frogs have been surprisingly successful at surviving several mass extinction events since their origins about 250 million years ago, including the mass extinction 66 million years ago that took out the non-flying dinosaurs," Dr Farman says.

"Although global extinction events triggered by human activities -- such as rapid climate change and the spread of chytrid fungus -- may be among the worst challenges frogs have had to face, the fossil record could reveal how some frog groups overcame previous challenges, perhaps by adapting to new, less-threatening habitats. This could provide clues about how we might be able to help by translocating some threatened frogs into more future-secure habitats."

Frogs such as the southern corroboree frog are threatened in their current habitats which have become more hostile due to climate change. The authors say that if the fossil record shows physically similar frogs living in very different habitats, today's frogs may benefit by being reintroduced into similar environments.
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An ink that boosts coral reef settlement by 20 times | ScienceDaily
With coral reefs in crisis due to climate change, scientists have engineered a bio-ink that could help promote coral larvae settlement and restore these underwater ecosystems before it's too late. In a paper publishing May 14 in the Cell Press journal Trends in Biotechnology, researchers demonstrate that the ink could boost coral settlement by more than 20 times, which they hope could contribute to rebuilding coral reefs around the world.


						
"When people think about a coral reef, they often think about how beautiful it is," says author Daniel Wangpraseurt of the University of California San Diego. "What we sometimes forget is that coral reefs are one of the best structures in protecting our coasts. We are hoping to develop technologies to restore not just the ecosystem but the natural structures that will buffer shorelines against waves, storms, and floods."

In the past, researchers have tried to restore coral reefs -- which have halved across the globe since the mid-20th century -- mainly through planting nursery-grown corals. But Wangpraseurt says these lab-grown corals are genetically identical, meaning that they're susceptible to the same threats.

"If there's a warming event or a disease outbreak, it can wipe out the whole population. Ideally, we want to recruit corals naturally, which can introduce genetic diversity to the population and enhance their resilience," says Wangpraseurt.

Biologists have recently discovered that certain rocky pink algae, called crustose coralline algae (CCA), play an important role in attracting coral larvae and encouraging them to settle on the reef. It appears that CCA emits metabolites into the surrounding water, and coral larvae follow these chemical signals. Inspired by this finding, Wangpraseurt and his team, including first author Samapti Kundu at the University of California San Diego, developed a transparent ink material infused with metabolites derived from CCA. Dubbed SNAP-X, the ink slowly releases these natural chemical cues into seawater over the course of a month. By applying SNAP-X to rocks or other surfaces, researchers can create an inviting microhabitat that helps coral larvae settle and grow.

The team tested SNAP-X outdoors using natural seawater and continuous water flow to simulate the ocean environment. They found that the larvae of Montipora capitata, a primary reef-building coral in Hawaii, were 20 times more likely to settle on substrates sprayed with SNAP-X, and the settlements became denser when the team increased the concentration of the metabolites in SNAP-X.

Given that some species of coral reproduce by releasing their eggs and sperm at the exact same time every year, the researchers recommend syncing SNAP-X deployment with the coral's spawning cycle to support natural coral recruitment. Depending on the species of coral, scientists can also tweak the ingredients of SNAP-X to include different metabolites and chemical signals that support the development of coral reefs.

The team is now working on methods to scale up the production of SNAP-X. Because the ink contains no living materials, they hope that it will soon be approved for application in the real world.

"It's really exciting to be able to learn from adjacent disciplines like materials science and bioengineering," says Wangpraseurt. "I think a lot of the technologies for restoring and protecting our environment are already there, we just need to look outside the box into other fields of study."
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UV light and CT scans helped scientists unlock hidden details in a beautifully-preserved fossil Archaeopteryx | ScienceDaily

Like all Archaeopteryx fossils, the Chicago specimen was found in limestone deposits near Solnhofen, Germany. This particular specimen was found by a private fossil collector prior to 1990, and had been in private hands since 1990. A coalition of supporters helped the Field Museum procure it; it arrived at the museum in August 2022.

"When we first got our Archaeopteryx, I was like, this is very, very, very cool, and I was beyond excited. But at the same time, Archaeopteryx has been known for over 160 years, so I wasn't sure what new things we would be able to learn," says Jingmai O'Connor, the Field Museum's associate curator of fossil reptiles and lead author of the paper. "But our specimen is so well-preserved and so well-prepared that we're actually learning a ton of new information, from the tip of its snout to the tip of its tail."

Archaeopteryx, which lived about 150 million years ago during the Jurassic Period, was a small animal -- the Chicago specimen in particular is the smallest one known, only about the size of a pigeon. Its tiny, hollow bones are preserved in a slab of extremely hard limestone. "When you have such a delicate fossil, you can't completely remove it from the surrounding rock matrix the way you do with something big and solid like a T. rex," says O'Connor. "So when we prepared it, we carefully chipped away the bits of rock covering the fossil."

A team of fossil preparators, led by the Field Museum's chief fossil preparator Akiko Shinya, spent over a year working on the Chicago Archaeopteryx. The work was incredibly detailed. Even seeing where the fossil ended and the rock matrix began was a challenge, because the preserved bones and tissues are nearly the same color as the surrounding rock. The CT scan was also used to better delineate the boundaries of the fossil.

"A CT scanner is essentially a machine that takes a series of X-rays, which it uses to build a three-dimensional image, based on differences in density. It lets you see inside things," says O'Connor. "CT scanning was very important for our preparation process -- it let us know things like, the bone is exactly 3.2 millimeters below the surface of the rock, which let us know exactly how far we could go before we would hit the bone. This is the first time a complete Archaeopteryx has been CT scanned and the data made available."

The team was further guided by the use of UV light to illuminate pieces of the fossil's skeleton and even its soft tissues, like scales on the bottom of the toes. "Previous studies have shown that there's something in the chemical composition of Solnhofen fossils that makes the soft tissues fluoresce, or glow under UV light," says O'Connor. "So our amazing prep team utilized UV light periodically through the preparation process to make sure that they weren't accidentally removing any soft tissues that you can't see with the naked eye."

This careful, technology-guided preparation led to more fine details being preserved in the Chicago Archaeopteryx than in any other specimen. "We're lucky in that this specimen happens to be extremely well-preserved, but we can also see features that probably were preserved in other specimens, but which didn't make it through cruder preparation processes in the past," says O'Connor. "Having the preparation of this specimen done by scientists whose goal was to preserve as much tissue and bone as possible made a huge difference."




While there's a lot to learn from the Chicago Archaeopteryx, in this paper, O'Connor and her team focused on a few areas in particular: the head, the hands and feet, and the wing feathers.

"The bones in the roof of the mouth help us learn about the evolution of something called cranial kinesis -- a feature in modern birds that lets the beak move independently from the braincase. That might not sound exciting, but to people who study bird evolution, it's really important, because it's been hypothesized that being able to evolve specialized skulls for different ecological niches might have helped birds evolve into more than 11,000 species today," says O'Connor. Meanwhile, soft tissues preserved in the Chicago Archaeopteryx's hands and feet bolster ideas that Archaeopteryx spent a lot of its time walking on the ground and might even have been able to climb trees.

The Chicago Archaeopteryx's wing feathers factor into a long-standing scientific debate about the origins of flight in dinosaurs. "Archaeopteryx isn't the first dinosaur to have feathers, or the first dinosaur to have 'wings.' But we think it's the earliest known dinosaur that was able to use its feathers to fly," says O'Connor. "This is actually my favorite part of the paper, the part that provides evidence that Archaeopteryx was using its feathered wings for flying."

The key to Archaeopteryx's flight might be a set of feathers never before seen in a member of its species: a long set of feathers on the upper arm, called tertials.

"Compared to most living birds, Archaeopteryx has a very long upper arm bone," says O'Connor. "And if you're trying to fly, having a long upper arm bone can create a gap between the long primary and secondary feathers of the wing and the rest of your body. If air passes through that gap, that disrupts the lift you're generating, and you can't fly."

However, modern birds have evolved a solution to this problem: a shorter upper arm bones, and a set of tertial feathers to fill the gap between the bird's body and the rest of its wing.




"Our specimen is the first Archaeopteryx that was preserved and prepared in such a way that we can see its long tertial feathers," says O'Connor. "These feathers are missing in feathered dinosaurs that are closely related to birds but aren't quite birds. Their wing feathers stop at the elbow. That tells us that these non-avian dinosaurs couldn't fly, but Archaeopteryx could. This also adds to evidence that suggests dinosaurs evolved flight more than once -- which I think is super exciting."

O'Connor says that this initial study is just the beginning for the Chicago Archaeopteryx. "We're learning something exciting and new from just about every part of the body that we have preserved. And this paper is really just the tip of the iceberg," she says.

This study was contributed to by Jingmai O'Connor, Alex Clark, Pei-Chen Kuo, Yosef Kiat, Matteo Fabbri, Akiko Shinya, Constance Van Beek, Jing Lu, Min Wang, and Han Hu.
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New global model shows how to bring environmental pressures back to 2015 levels by 2050 | ScienceDaily

The planetary boundaries framework, first introduced by an international team of scientists in 2009, defines nine critical Earth system processes that maintain the conditions under which human societies have flourished for the past 10,000 years. Crossing these boundaries increases the risk of destabilising the Earth system, pushing it into a much less hospitable state. To date, scientists estimate that six of these nine boundaries have already been crossed -- those related to climate change, biosphere integrity, freshwater availability, land use, nutrient pollution and novel entities.

Coming back from the brink

This new study for the first time shifts focus to the future, exploring whether ambitious but technically feasible policies could change our trajectory. "This is the first time we've used a forward-looking global model to ask: how do things develop if we continue like this? Can we still avoid transgressing or come back from transgressing these boundaries? And if so, what would it take?" says Van Vuuren.

To answer these questions, the Planetary Boundaries framework was coupled to a comprehensive Integrated Assessment Model -- Integrated Model to Assess the Global Environment (IMAGE) -- which describes future human development and the possible impacts on the global environment. The model projected outcomes for eight of the nine planetary boundaries under different future scenarios, including those with strong environmental policy action.

Critical systems like climate and biodiversity are already outside safe limits, with most exceeding even the high-risk thresholds, indicating a looming multi-crisis scenario. Using projections for 2030, 2050, and 2100, the study shows that under current trends, all planetary boundaries except for ozone depletion are expected to be breached by 2050. "If we continue down pathways focused on national or local interests, things could deteriorate even further, emphasising the need for coordinated global action," says Van Vuuren.

Five key measures to bend the curve

The researchers identify five measures that together could significantly reduce environmental transgression:
    	    


Climate mitigation: Achieving the 1.5degC Paris Agreement target through aggressive reduction of greenhouse gas emissions
    
    	    Food-consumption change: A widespread shift to diets that are both healthy and good for the environment, as defined by the EAT-Lancet Commission, reaching 80% global uptake by 2050
    
    	    Reduction of food waste: Halving global food waste by reducing losses in supply chains and overconsumption
    
    	    Improved water-use efficiency: Reducing water withdrawal for energy, households, and industry by 20%, and for irrigation by 30%, to ensure environmental sustainability
    
    	    Improved nitrogen-use efficiency: Increasing nutrient-use efficiency to 70-80% in agriculture by 2050, up from 50% today
    

Combined, these measures could return the pressure on our planet to roughly that of 2015 -- a marked improvement over business-as-usual projections and a crucial step toward ensuring long-term human wellbeing while staying within the Earth's limits.




Strong action needed

The study also shows it is possible to bring some of the planet's systems back into the "safe zone" by 2050 if strong policies are put in place. However, for other systems, even the most ambitious efforts may not be enough by then, and we would still be exceeding safe limits. "To ensure a livable planet in the long run, even stronger actions will be needed beyond 2050," says Van Vuuren.

The authors caution that the assumptions behind these scenarios are ambitious. "Systems are slow to change and we're modelling near-universal shifts -- like widespread dietary changes -- which may be overly optimistic given current global trends," they note.

"Nonetheless, the message is clear. We can still bend the curve," says Van Vuuren. "While we can't fully avoid all overshoot, we can come much closer to living within planetary boundaries. That makes a big difference." In other words, he adds, "The planet is seriously ill, but it's certainly not terminal yet."
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CT scanning helps reveal path from rotten fish to fossil | ScienceDaily
Scientists have found that X-Ray scanning reveals secrets of fossil formation without disturbing the decay of buried carcasses.


						
A new study published in Palaeontology has confirmed that X-ray computed tomography (XCT scanning) can be used to monitor decomposing organisms without altering the natural decay process -- a vital step for understanding how fossils form.

A research team from the University of Birmingham entombed dead zebrafish within sediment to test whether repeatedly zapping decaying specimens with X-rays would change how they decompose. Their findings suggest this non-invasive imaging technique allows scientists to watch decay happen in real-time without disturbing the process -- unlike traditional methods that require digging up and potentially damaging specimens.

"It's like getting a snapshot of nature's natural recycling program," said Dr Iacopo Cavicchini, lead author on the study. "Previous methods were like trying to observe a smelly bag of goop by digging it up -- it's very difficult and you inevitably alter what you're trying to study."

The research addresses a significant challenge in taphonomy -- the study of how organisms decay and become fossils. Traditional decay experiments require researchers to unearth specimens to observe them, causing artificial damage or disarticulation that can mess with the results. In order to test if CT scanning could be used in their experiments, the research team wanted to know whether X-ray exposure would interfere with the bacteria that drive decay.

Their findings showed that the microbes continued to decay the carcass, unimpeded by periodic exposure to X rays -- proving the technique serves as a crucial stepping stone toward more sophisticated non-invasive decay experiments that better mimic natural conditions of fossil formation.

"This study validates an important non-destructive tool for palaeontologists and forensic scientists alike," said Dr Thomas Clements, who supervised the project, now based at Friedrich-Alexander-Universitat Erlangen-Nurnberg. "We can now watch decay within sediments, providing unprecedented insights into the processes that ultimately create fossils."

Perhaps the most explosive finding in this study was the ability to witness -- in high definition -- the dramatic buildup of decomposition gases inside the fish carcasses before they eventually pop. "We essentially created decaying fish fart surveillance," said Dr Cavicchini, "which sounds silly until you realise it's providing crucial insights into how internal cavities collapse during fossilisation."
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Palaeontologists discover 506-million-year-old predator | ScienceDaily
Palaeontologists at the Manitoba Museum and Royal Ontario Museum (ROM) have discovered a remarkable new 506-million-year-old predator from the Burgess Shale of Canada. The results are announced in a paper in the journal Royal Society Open Science.


						
Mosura fentoni was about the size of your index finger and had three eyes, spiny jointed claws, a circular mouth lined with teeth and a body with swimming flaps along its sides. These traits show it to be part of an extinct group known as the radiodonts, which also included the famous Anomalocaris canadensis, a meter-long predator that shared the waters with Mosura.

However, Mosura also possessed a feature not seen in any other radiodont: an abdomen-like body region made up of multiple segments at its back end.

"Mosura has 16 tightly packed segments lined with gills at the rear end of its body. This is a neat example of evolutionary convergence with modern groups, like horseshoe crabs, woodlice, and insects, which share a batch of segments bearing respiratory organs at the rear of the body," says Joe Moysiuk, Curator of Palaeontology and Geology at the Manitoba Museum, who led the study.

The reason for this intriguing adaptation remains uncertain, but the researchers postulate it may be related to particular habitat preference or behavioural characteristics of Mosura that required more efficient respiration.

With its broad swimming flaps near its midsection and narrow abdomen, Mosura was nicknamed the "sea-moth" by field collectors based on its vague appearance to a moth. This inspired its scientific name, which references the fictional Japanese kaiju also known as Mothra. Only distantly related to real moths -- as well as spiders, crabs, and millipedes -- Mosura belongs on a much deeper branch in the evolutionary tree of these animals, collectively known as arthropods.

"Radiodonts were the first group of arthropods to branch out in the evolutionary tree, so they provide key insight into ancestral traits for the entire group. The new species emphasizes that these early arthropods were already surprisingly diverse and were adapting in a comparable way to their distant modern relatives." says study co-author Jean-Bernard Caron, Richard M. Ivey Curator of Invertebrate Palaeontology at ROM.




Several fossils of Mosura additionally show details of internal anatomy, including elements of the nervous system, circulatory system, and digestive tract.

"Very few fossil sites in the world offer this level of insight into soft internal anatomy. We can see traces representing bundles of nerves in the eyes that would have been involved in image processing, just like in living arthropods. The details are astounding," Caron adds.

Instead of having arteries and veins like we do, Mosura had an "open" circulatory system, with its heart pumping blood into large internal body cavities called lacunae. These lacunae are preserved as reflective patches that fill the body and extend into the swimming flaps in the fossils.

"The well-preserved lacunae of the circulatory system in Mosura help us to interpret similar, but less clear features that we've seen before in other fossils. Their identity has been controversial," adds Moysiuk, who is also a Research Associate at ROM. "It turns out that preservation of these structures is widespread, confirming the ancient origin of this type of circulatory system."

Of the 61 fossils of Mosura, all except one were collected by ROM between 1975 and 2022, mostly from the Raymond Quarry in Yoho National Park, British Columbia. Some also came from new areas around Marble Canyon in Kootenay National Park, 40 km to the southeast, which have revealed spectacular new Burgess Shale fossils, including other radiodonts: Stanleycaris, Cambroraster and Titanokorys. One previously unpublished specimen of Mosura was also studied that had been collected by Charles Walcott, the discoverer of the Burgess Shale.

"Museum collections, old and new, are a bottomless treasure trove of information about the past. If you think you've seen it all before, you just need to open up a museum drawer," Moysiuk says.

The Burgess Shale fossil sites are located within Yoho and Kootenay National Parks and are managed by Parks Canada. Parks Canada is proud to work with leading scientific researchers to expand knowledge and understanding of this key period of Earth's history and to share these sites with the world through award-winning guided hikes. The Burgess Shale was designated a UNESCO World Heritage Site in 1980 due to its outstanding universal value and is now part of the larger Canadian Rocky Mountain Parks World Heritage Site.

Many radiodont fossils can be seen on display in ROM's Willner Madge Gallery, Dawn of Life, in Toronto, and a specimen of Mosura will be exhibited for the first time at the Manitoba Museum in Winnipeg later this year.

For 50 years, ROM has been at the forefront of Burgess Shale research, uncovering dozens of new fossil sites and species. Located in the Canadian Rocky Mountain Parks of British Columbia, the Burgess Shale fossils are exceptionally preserved and provide one of the best records of marine life during the Cambrian period anywhere.
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Not all orangutan mothers raise their infants the same way | ScienceDaily
A new study of wild Sumatran orangutans by researchers at the Max Planck Institute of Animal Behavior (MPI-AB) has found that mothers consistently differ in their maternal behaviors toward their infants, even after controlling for biological, social, and environmental factors. Mothers also consistently vary from one another in how flexibly they adjust their parenting as their infants grow. For this study, the researchers analysed data on six maternal behaviors collected over 15 years.


						
"Our study shows that Sumatran orangutan mothers are not all the same when it comes to parenting behaviors," said Revathe Thillaikumar, a postdoctoral researcher at MPI-AB and first author of the study. "For example, we found that during the developmental period, some mothers consistently carried their infants more than others, while some terminated body contact more frequently than others. What was especially interesting is that these differences stayed consistent across the different infants of a mother, even when we accounted for factors known to affect maternal behavior."

Because Sumatran orangutans have the longest known infant dependency of any nonhuman animal, the researchers also examined how maternal behavior changes as infants develop. "We found that mothers made flexible adjustments to their parenting behaviors and that they consistently differed from one another in how they made these adjustments. For example, while all mothers tended to terminate spatial proximity more frequently as their infants grew older, some mothers consistently did so more than others across all their offspring," added Revathe.

The study examined six behaviors of wild Sumatran orangutan mothers towards their infants: body contact, staying close, carrying, and feeding nearby. These maternal behaviors are important because they influence how infants are able to learn skills directly from their mothers and how safely they can navigate dense canopies in a tropical rainforest. Data were collected at the Suaq Balimbing research site in Indonesia on 22 mother-infant pairs from over 6000 observational hours. The researchers found consistent differences in many of the studied maternal behaviors.

Caroline Schuppli, a group leader at MPI-AB and senior author of the study says: "The consistent differences among mothers -- both in the extent of their behaviors and in how these behaviors changed over the course of infant development -- suggest that orangutans may possess individual maternal personalities."

Regarding the broader implications of their findings, Schuppli added: "We do not yet know whether differences in maternal behaviors bring about differences in aspects of infant development. Due to the many years that orangutans take to develop, we need at least a decade more to accumulate the data needed to investigate the effect of these differences on infant development."
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New computer language helps spot hidden pollutants | ScienceDaily
Biologists and chemists have a new programming language to uncover previously unknown environmental pollutants at breakneck speed -- without requiring them to code. By making it easier to search massive chemical datasets, the tool has already identified toxic compounds hidden in plain sight.


						
Mass spectrometry data is like a chemical fingerprint, showing scientists what molecules are in a sample such as air, water, or blood, and in what amounts. It helps identify everything from pollutants in water to chemicals in new medicines.

Developed at UC Riverside, Mass Query Language, or MassQL, functions like a search engine for mass spectrometry data, enabling researchers to find patterns that would otherwise require advanced programming skills. Technical details about the language, and an example of how it helped identify flame retardant chemicals in public waterways, are described in a new Nature Methods journal article.

"We wanted to give chemists and biologists, who are generally not also computer scientists, the ability to mine their data exactly how they want to, without having to spend months or years learning to code," said Mingxun Wang, UCR assistant professor of computer science, who created the language.

Demonstrating the effectiveness of the language, Nina Zhao, a UCR postdoctoral student now at UC San Diego, used MassQL to sift through the entire world's mass spectrometry data on water samples that has been made available to the public. She was looking for organophosphate esters, which are generally found in flame retardants.

"There are quite literally a billion measurements of molecules in this data. You cannot go through it manually," said Wang. "However, the language acts like a filter, in a sense, for these chemicals, and it pulled out thousands of them."

In addition to finding known chemicals in the water samples, they also found organophosphate compounds that have not been previously described or catalogued, and some chemicals that are the product of organophosphates breaking down over time.




"These chemicals can cause a lot of problems for human and animal health, and for entire ecosystems. They were designed to be flame retardants or plasticizers, but they can cause endocrine and sexual system disruptions, as well as cardiovascular problems," Zhao said.

Before plans can be made for handling or removing toxic chemicals from our environment, scientists need to know what is present. That's where MassQL comes in handy for scientists like Zhao.

"The language allows me to track everything that's ever been detected in all data on air, soil, water, and even in the human body. Whatever exists, we can search for chemicals in there," she said.

One of the challenges in creating MassQL was in getting a consensus of life scientists to agree on the definition of terms the software would use. "Both chemists and computer scientists have to understand it, and the software has to be able to operate on it," Wang said.

For this reason, about 70 scientists consulted in the development phase. They all gave their feedback on the most important information terms and how to express it in the MassQL language.

The research team also wanted to demonstrate that the language could be useful in a variety of real-life situations. In addition to Zhao's project, the paper details more than 30 applications in which MassQL could be applied.

Sample-use cases include the detection of fatty acids as markers of alcohol poisoning, looking for new drugs to solve the looming antibiotic resistance crisis, learning about the chemicals that bacteria use to communicate with one another, and finding forever chemicals on playgrounds.

In the past, Wang would get requests for software that could look for data patterns specific to all of these different kinds of applications.

"I thought I could do something to save myself time," he said. "I wanted to create one language that could handle multiple kinds of queries. And now we have. I'm excited to hear about the discoveries that could come from this."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250513172036.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A plant you've never heard of can do what scientists once thought impossible | ScienceDaily
About 3.7 billion years ago, a string of naturally occurring amino -- the same kind that astronomers have found in meteorites and just recently in a stellar nursery near the center of the Milky Way Galaxy -- reacted with a naturally occurring catalyst and began the fateful process of self-assembled replication. One of the most fascinating questions in biology is how these simple rogue molecules resulted in the endless pageantry of bizarre creatures that exist today. Charles Darwin did a lot of the legwork when he refined the idea that life changes over time. He reasoned that if you take two groups from the same species and keep them separated long enough (on the order of thousands to millions of years), they eventually evolve into distinct species of their own.


						
For the impatient, there's a faster way to make new species. Hybridization, for example, often does the trick, but this can get messy because of something called introgression and can still take hundreds of years to occur naturally.

Many plants, and a few other organisms, can expedite diversification even further by doubling their number of chromosomes. This process is called autopolyploidy, and under the right conditions, it can generate new diversity instantaneously.

There are numerous ways that autopolyploidy can take place, but the general idea is straightforward. Through one mechanism or another, the reproductive cells in a plant make an extra copy of their DNA. Both of these copies then get passed down to the plant's offspring, giving it two identical sets of chromosomes. The new plant can still reproduce with other plants that have the normal chromosome complement, but their offspring aren't likely to survive.

Biologists used to think this was merely an interesting aberration, that autopolyploids were rare in nature, and those that did exist had little chance of establishing a viable population. This later turned out to be false; autopolyploids are common and have a high rate of survival. Biologists also reasoned that autopolyploids would not be able to coexist with their parent species. The number of chromosomes being the only difference between them, the old and new species would be competing for the same resources, and one of them would eventually win out. If both were to exist, they'd have to do so in different places. They were wrong about that, too.

That's the subject of a new theoretical study on a humble plant called beetleweed (Galax urceolata), which has not two but three different chromosome complements, called cytotypes, throughout parts of its range in the Appalachian Mountains.

"Through my fieldwork, I discovered that a single population could have a mishmash of cytotypes, which fascinated me," said the study's lead author, Shelly Gaynor, who completed the work as part of her doctoral dissertation at the University of Florida. "With this study, I set out to understand if these populations could persist over time. Would one cytotype eventually outcompete the others, or could all three cytotypes persist?"
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Researchers develop living material from fungi | ScienceDaily
Sustainably produced, biodegradable materials are an important focus of modern materials science. However, when working natural materials such as cellulose, lignin or chitin, researchers face a trade-off. Although these substances are biodegradable in their pure form, they are often not ideal when it comes to performance. Chemical processing steps can be used to make them stronger, more resistant or more supple -- but in doing so, their sustainability is often compromised.


						
Empa researchers from the Cellulose and Wood Materials laboratory have now developed a bio-based material that cleverly avoids this compromise. Not only is it completely biodegradable, it is also tear-resistant and has versatile functional properties. All this with minimal processing steps and without chemicals -- you can even eat it. Its secret: It's alive.

Optimized by nature

As the basis for their novel material, the researchers used the mycelium of the split-gill mushroom, a widespread edible fungus that grows on dead wood. Mycelia are root-like filamentous fungal structures that are already being actively researched as potential sources of materials. Normally, the mycelial fibers -- known as hyphae -- are cleaned and, if necessary, chemically processed, which brings about the above-mentioned trade-off between performance and sustainability.

The Empa researchers chose a different approach. Instead of treating the mycelium, they use it as a whole. As it grows, the fungus not only forms hyphae, but also a so-called extracellular matrix: a network of various fiber-like macromolecules, proteins and other biological substances that the living cells secrete. "The fungus uses this extracellular matrix to give itself structure and other functional properties. Why shouldn't we do the same?" explains Empa researcher Ashutosh Sinha. "Nature has already developed an optimized system," adds Gustav Nystrom, head of the Cellulose and Wood Materials lab.

With a bit of additional optimization, the researchers gave nature a helping hand. From the enormous genetic diversity of the split-gill, they selected a strain that produces particularly high levels of two specific macromolecules: the long-chain polysaccharide schizophyllan and the soap-like protein hydrophobin. Due to their structure, hydrophobins collect at interfaces between polar and apolar liquids, for example water and oil. Schizophyllan is a nanofiber: less than a nanometer thick, but more than a thousand times as long. Together, these two biomolecules give the living mycelium material properties that make it suitable for a wide range of applications.

A living emulsifier

The researchers demonstrated the versatility of their material in the laboratory. In their study, which was published recently in the journal Advanced Materials, they showcased two possible applications for the living material: a plastic-like film and an emulsion. Emulsions are mixtures of two or more liquids that normally do not mix. All you have to do to see an example is open the fridge: Milk, salad dressing or mayonnaise are all emulsions. And various cosmetics, paints and varnishes also take the form of emulsions.




One challenge is to stabilize such mixtures so that they do not separate into the individual liquids over time. This is where the living mycelium shows its strengths: Both the schizophyllan fibers and the hydrophobins act as emulsifiers. And the fungus keeps releasing more of these molecules. "This is probably the only type of emulsion that becomes more stable over time," says Sinha. Both the fungal filaments themselves and their extracellular molecules are completely non-toxic, biologically compatible and edible -- the split-gill mushroom is routinely eaten in many parts of the world. "Its use as an emulsifier in the cosmetics and food industry is therefore particularly interesting," says Nystrom.

From compost bags to batteries

The living fungal network is also suitable for classic material applications. In a second experiment, the researchers manufactured the mycelium into thin films. The extracellular matrix with its long schizophyllan fibers gives the material very good tensile strength, which can be further enhanced by targeted alignment of the fungal and polysaccharide fibers within it.

"We combine the proven methods for processing fiber-based materials with the emerging field of living materials," explains Nystrom. Sinha adds: "Our mycelium is a living fiber composite, so to speak." The researchers can control the fungal material's properties by changing the conditions under which the fungus grows. It would also be conceivable to use other fungal strains or species that produce other functional macromolecules.

Working with the living material also presents certain challenges. "Biodegradable materials always react to their environment," says Nystrom. "We want to find applications where this interaction is not a hindrance but maybe even an advantage." However, its biodegradability is only part of the story for the mycelium. It is also a biodegrader: The split-gill mushrooms can actively decompose wood and other plant materials. Sinha sees another potential application here: "Instead of compostable plastic bags, it could be used to make bags that compost the organic waste themselves," says the researcher.

There are also promising applications for the mycelium in the field of sustainable electronics. For example, the fungal material shows a reversible reaction to moisture and could be used to produce biodegradable moisture sensors. Another application that Nystrom's team is currently working on combines the living material with two other research projects from the Cellulose and Wood Materials laboratory: the fungal biobattery and the paper battery. "We want to produce a compact, biodegradable battery whose electrodes consist of a living 'fungal paper'," says Sinha.
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Growth before photosynthesis: How trees regulate their water balance | ScienceDaily
In order for trees to grow, they need to control their water balance meticulously. A study by the University of Basel shows how trees react to drought -- and revises previous perceptions.


						
Plants have small pores on the underside of their leaves, known as stomata. When the sun rises, these pores open and the plants absorb carbon dioxide (CO2) from the atmosphere, which they need, in addition to sunlight and water, for photosynthesis. At the same time, water evaporates through the open stomata; for a tree, this may be several hundred liters per day.

When water is scarce, plants can close their stomata and thus prevent it from evaporating too much water. The fact that plants have this protective mechanism at their disposal is nothing new. Until now, however, it has not been clear when this closure occurs and what the trigger was.Researchers at the Department of Environmental Sciences at the University of Basel have provided new findings in the scientific journal Nature Plants. Most of the measurement data comes from the University of Basel's forest laboratory in Holstein, in the canton of Basel-Landschaft, where a crane makes it possible to study processes in the crowns of mature trees.

A balancing act within the canopy

The evaporation of water through the stomata is a passive process during CO2 absorption. Water loss is therefore the price a plant pays for photosynthesis. By closing the stomata, it can stop evaporation, but then it cannot photosynthesize.

"When it comes to plants, researchers have traditionally focused on photosynthesis. So it was previously assumed that trees treated this process as a priority and therefore kept the stomata open for as long as possible to absorb CO2, only closing them when there was no other option," explains study leader Professor Ansgar Kahmen.

When water evaporates through the stomata, negative pressure is created within the cells and the xylem (i.e. the woody tissue that transports water up from the roots). This suction pulls water up from the roots, via the xylem, into the growth layer of the trunk and into the tree crown. There it replaces the water that has been released into the atmosphere.




Preventing the system from collapsing

It usually takes trees all night to replace the water lost during the day. During this time, the stomata are closed and the plant cells fill up with water. This creates the turgor pressure on the cell walls that is necessary for the elongation growth of the cells. Trees therefore grow at night.

If the soil is dry, there is no water to fully replenish their water reserves. As a result, the water saturation in the cells is too low and the turgor pressure remains low. This inhibits tree growth even in intermediately dry conditions. With increasing levels of drought, the suction in the cells and vascular pathways becomes stronger and stronger until at some point the water columns in the woody tissue break. This results in air bubbles, known as embolisms. "When this happens, irreparable damage occurs, the water transport system collapses and the plant eventually dies," says Ansgar Kahmen.

Water supply in the tree is key

It used to be assumed that, in order to maintain photosynthesis for as long as possible, trees would close their stomata only shortly before the onset of these embolisms. The new study now shows that the stomata remain closed at an earlier point in time, namely when water absorption at night has become difficult. "For the first time, we were able to show that a tree does not even open its stomata in the morning if it cannot absorb enough water overnight," says Kahmen. This means that the tree forgoes photosynthesis in favor of growth.

According to Kahmen, this prioritization makes sense: If the plant stops growing due to a shortage of water, then, no matter how much photosynthesis it carries out, it will not be able to use the resulting products. "So the aim is not to optimize photosynthesis and maintain it for as long as possible, but to use the products of photosynthesis as efficiently as possible for growth," says the plant physiologist.

Carbon cycle and climate models

The findings could also influence calculations relating to carbon sequestration by forests. When the stomata are open for shorter periods during drought than previously expected, the trees absorb less carbon dioxide from the atmosphere. "Climate models that assume a certain growth in carbon storage volume would therefore have to be adapted," says lead author Richard L. Peters, a former postdoc at the University of Basel and now professor at the Technical University of Munich. Particularly in the context of climate change, which is leading to warmer and, above all, drier summers in countries including Switzerland, carbon uptake could change more dramatically than previously assumed.

"What is remarkable is that our early stomatal closure observations apply to all tree species, whether deciduous or coniferous. How well a tree species copes with drought therefore cannot be solely determined by the process of stomata closure" says Peters.
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Scientists define the ingredients for finding natural clean hydrogen | ScienceDaily
Researchers at the University of Oxford, Durham University and the University of Toronto have detailed the geological ingredients required to find clean sources of natural hydrogen beneath our feet. The work details the requirements for natural hydrogen, produced by the Earth itself over geological time, to accumulate in the crust, and identifies that the geological environments with those ingredients are widespread globally. These findings, published today in the journal Nature Reviews Earth & Environment, offer a solution to the challenge of hydrogen supply, and will help industry to locate and extract natural hydrogen to meet global demands, eliminating the use of hydrocarbons for this purpose.


						
In the modern world, a reliable supply of hydrogen gas is vital for the function of society. Fertiliser produced from hydrogen contributes to the food supply of half the global population, and hydrogen is also a key energy component in many roadmaps to a carbon neutral future, essential if we are to prevent the worst predictions of climate change.

Today, hydrogen is produced from hydrocarbons, with waste gases contributing to 2.4% of global CO2 emissions. Demand for hydrogen is set to increase from 90 million tonnes in 2022 to 540 million tonnes in 2050, but it is vital that this hydrogen is not CO2 emitting. Production followed by the burial of waste CO2 ('carbon sequestration') or from renewable energy resources (wind or solar) are both future sources of hydrogen, but are not yet commercially competitive.

New research from the University of Oxford, in collaboration with Durham University and the University of Toronto, provides a solution. In the last billion years, enough hydrogen gas has been produced by the Earth's continental crust to supply humankind's energy needs for at least 170,000 years. Whilst a proportion of this has been lost, consumed, or is inaccessible today, the remaining hydrogen could offer a natural (and emission-free) source of this natural resource.

Until now, limited historical hydrogen sampling and measurement have restricted scientists' current understanding of where, and how much, hydrogen is located in the crust. An exploration recipe is critical to find accessible and commercially viable accumulations of natural geological hydrogen.

Study co-author Professor Jon Gluyas (Durham University), notes: "We have successfully developed an exploration strategy for helium and a similar 'first principles' approach can be taken for hydrogen."

This research outlines the key ingredients needed to inform an exploration strategy to find different 'hydrogen systems.' This includes how much hydrogen is produced and the rock types and conditions these occur in, how the hydrogen migrates underground from these rocks, the conditions that allow a gas field to form, and the conditions that destroy the hydrogen.




Study co-author Professor Barbara Sherwood Lollar (University of Toronto) said: "We know for example that underground microbes readily feast on hydrogen. Avoiding environments that bring them into contact with the hydrogen is important in preserving hydrogen in economic accumulations."

The authors outline where understanding of these ingredients is strong, and highlight areas that need more work -- such as rock reaction efficiencies and how geological histories can bring the right rocks together with the water that reacts with it.

Some sources of hydrogen gas, such as from the Earth's mantle, have fuelled much speculation and hyperbole -- but this research shows that these are not viable sources. Instead, the authors showed that the ingredients for a complete hydrogen system can be found in a range of common geological settings within the crust. Some of these can be geologically quite young, forming hydrogen 'recently' (millions to tens of millions of years), others truly ancient (hundreds of millions of years old) -- but critically are found globally.

Lead author Professor Chris Ballentine (University of Oxford, Department of Earth Sciences) said: "Combining the ingredients to find accumulated hydrogen in any of these settings can be likened to cooking a souffle -- get any one of the ingredients, amounts, timing, or temperature wrong and you will be disappointed. One successful exploration recipe that is repeatable will unlock a commercially competitive, low-carbon hydrogen source that would significantly contribute to the energy transition -- we have the right experience to combine these ingredients and find that recipe."

The potential for natural geological hydrogen has motivated the authors to form Snowfox Discovery Ltd., an exploration company with a mission to find societally significant natural hydrogen accumulations.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250513112301.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists film the heart forming in 3D earlier than ever before | ScienceDaily
Researchers at UCL and the Francis Crick Institute have, for the first time, identified the origin of cardiac cells using 3D images of a heart forming in real-time, inside a living mouse embryo.


						
For the study, published in The EMBO Journal, the teamused a technique called advanced light-sheet microscopy on a specially engineered mouse model. This is a method where a thin sheet of light is used to illuminate and take detailed pictures of tiny samples, creating clear 3D images without causing any damage to living tissue.

By doing this, they were able to track individual cells as they moved and divided over the course of two days -- from a critical stage of development known as gastrulation through to the point where the primitive heart begins to take shape. This allowed the researchers to identify the cellular origins of the heart.

Gastrulation is the process by which cells begin to specialise and organise into the body's primary structures, including the heart. In humans, this occurs during the second week of pregnancy.

The study's findings could revolutionise how scientists understand and treat congenital heart defects, the researchers say.

Senior author Dr Kenzo Ivanovitch (UCL Great Ormond Street Institute of Child Health and British Heart Foundation Intermediate Research Fellow) said: "This is the first time we've been able to watch heart cells this closely, for this long, during mammalian development. We first had to reliably grow the embryos in a dish over long periods, from a few hours to a few days, and what we found was totally unexpected."

Using fluorescent markers, the team tagged heart muscle cells (called cardiomyocytes) causing them to glow in distinct colours. Combined with light-sheet microscopy, this innovation allowed the researchers to create a detailed time-lapse video.




Snapshots were captured every two minutes over 40 hours, producing images with unprecedented spatial resolution.

The resulting footage showed how cells move, divide, and form the first parts of an embryo, like the heart. Each glowing cardiomyocyte could then be tracked back to earlier cells, allowing scientists to create a family tree of the cells. This helped them see exactly when and where the first cells that only make the heart appeared in the embryo.

At the very earliest stages, embryonic cells were multipotent (capable of becoming various cell types). These included not only heart cells but also others such as endocardial cells, a type of cell that lines the inner surfaces of blood vessels and heart chambers.

However, the researchers found that early during gastrulation (typically within the first four to five hours, after the first cell division), cells contributing solely to the heart emerge rapidly and behave in highly organised ways.

Rather than moving randomly, they follow distinct paths -- almost as if they already know where they are going and what role they will play, whether contributing to the ventricles (the heart's pumping chambers) or the atria (where blood enters the heart from the body and lungs).

Dr Ivanovitch said: "Our findings demonstrate that cardiac fate determination and directional cell movement may be regulated much earlier in the embryo than current models suggest.




"This fundamentally changes our understanding of cardiac development by showing that what appears to be chaotic cell migration is actually governed by hidden patterns that ensure proper heart formation."

Lead author, PhD candidate Shayma Abukar (UCL Great Ormond Street Institute of Child Health and UCL Institute for Cardiovascular Science) said: "We are now working to understand the signals that coordinate this complex choreography of cell movements during early heart development.

"The heart doesn't come from a single group of cells, it forms from a coalition of distinct cell groups that appear at different times and places during gastrulation."

The insights from the study could revolutionise how scientists understand and treat congenital heart defects, which affect nearly one in 100 babies. The findings could also accelerate progress in growing heart tissue in the lab for use in regenerative medicine.

Dr Ivanovitch said: "In the future, we hope this work will help uncover new mechanisms of organ formation. This will inform design principles to precisely program tissue patterns and shapes for tissue engineering."

The research was supported by the British Heart Foundation.
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'Loop'hole: HIV-1 hijacks human immune cells using circular RNAs | ScienceDaily
In a groundbreaking discovery, researchers from Florida Atlantic University's Charles E. Schmidt College of Medicine have identified a never-before-seen mechanism that enables the human immunodeficiency type 1 virus (HIV-1) to evade the body's natural defenses and use it to support its survival and replication.


						
The "loophole?" A biological process that involves circular RNAs (circRNAs), which form a "loop" or circle inside cells -- unlike regular RNA molecules that are shaped like a straight line. This looped shape makes circRNAs much more stable and enables them to act like sponges -- soaking up microRNAs (miRNAs) and preventing them from doing their usual jobs such as controlling which genes get turned on or off.

Although scientists have previously discovered thousands of circRNAs in human and animal cells, only a small number have been found in viruses -- mainly in large DNA viruses like herpes viruses, including Herpes Simplex Virus and Epstein-Barr Virus. These viruses have big genomes and can stay hidden in the body for years before becoming active again.

Results of the study, published in the journal npj Viruses, marks the first experimental evidence of HIV-1 generating circRNAs produced from an integrated retroviral genome, offering a new perspective on HIV biology. These findings reveal a previously hidden layer of HIV-1's life cycle, shedding light on how the virus enhances its persistence, replication and ability to evade the immune system. They also point to a novel strategy the virus uses to survive, offering researchers a new target in the fight against one of the world's most resilient pathogens.

"We've known that circular RNAs show up in DNA viruses like Epstein-Barr and the human papillomavirus, but seeing that they are generated by an RNA virus like HIV-1 is incredibly exciting," said Massimo Caputi, Ph.D., senior author and a professor in the Department of Biomedical Science, Schmidt College of Medicine. "HIV-1 is unique -- it integrates into the host genome and hijacks the cell's RNA-processing machinery, giving it a rare ability among RNA viruses to generate these stable circular RNAs."

The team identified at least 15 distinct HIV-1 circRNAs and confirmed their presence using advanced molecular techniques and sequencing tools.

"When HIV infects the body, certain immune cells called CD4+ T cells respond by increasing levels of two microRNAs -- miR-6727-3p and miR-4722-3p -- that likely help fight the virus," said Caputi. "But HIV seems to fight back by producing circRNAs that trap these microRNAs. This weakens the immune response and helps the virus make more copies of itself. This suggests that HIV's circular RNAs might help keep infected cells alive and allow the virus to stay hidden in the body for a long time -- one of the main reasons why HIV is so hard to cure."

Normally, certain miRNAs are present at low levels, but they increase when a person is infected with HIV. To fight back, HIV makes circRNAs that soak up these miRNAs and weaken the body's defense. This allows the virus to keep multiplying.




"One of the most common circRNAs made by HIV, called Circ23, includes parts of the virus' genetic code that scientists didn't fully understand before," said Caputi. "But now, they seem important for helping the virus survive and replicate."

The findings also suggest that circRNA production may vary between individuals, potentially influencing differences in viral persistence and spread. This variation could stem from how host cells process RNA and from the availability of RNA-binding proteins needed to form circRNAs.

"These differences may help explain why patient responses vary, especially in cases of viral latency -- a state where the virus lies dormant and resists both immune attack and antiretroviral therapy," said Caputi.

Although current techniques make it difficult to measure circRNAs accurately, the researchers note that the use of droplet digital PCR may soon allow precise quantification of these molecules in patient samples.

"This is just the beginning," said Caputi. "We're now working to map out how these viral circular RNAs interact with human cells. If we can figure out how to block them, we might be able to stop the virus from hiding and help move closer to a cure."

The research team also plans to explore new treatments that use special molecules called antisense oligonucleotides (ASOs) to block HIV's circRNAs. They'll test this approach in models of long-term infection and in cells from people living with HIV to better understand how these circRNAs help the virus survive in the body.

"Our findings reveal how HIV takes control of human cells at a very detailed level and point to new possibilities for treatment," said Caputi. "Because circular RNAs are stable and specific, they could also be used as markers of infection or as new targets for drugs."

Study co-authors are Christopher Mauer and Sean Paz, graduate students in the FAU Department of Biomedical Science.
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Butterflies hover differently from other flying organisms, thanks to body pitch | ScienceDaily
Butterflies' flight trajectories often appear random or chaotic, and compared with other hovering insects, their bodies follow seemingly mysterious, jagged, jerking motions.


						
These unique hovering patterns, however, can potentially provide critical design insights for developing micro aerial vehicles (MAVs) with flapping wings. To help achieve these applications, researchers from Beihang University studied how butterflies use aerodynamic force generation to achieve hovering. They discuss their findings in Physics of Fluids, by AIP Publishing.

"Hovering serves as an essential survival mechanism for critical behaviors, including flower visitation and predator evasion," said author Yanlai Zhang. "Elucidating its aerodynamic mechanisms provides fundamental insights into the evolutionary adaptations of butterflies' flight kinematics."

The scientists used high-speed cameras to capture this process in wild-caught white cabbage butterflies. To avoid damaging the butterflies' wings with physical markers -- and thus altering their flight patterns -- the researchers trained a deep learning model for tracking the butterflies' body features and specific wing points during their flight sequences.

By comparing multiple factors -- including the size and shape of butterfly wings, and the mechanisms of upstrokes and downstrokes -- the researchers found the primary factor contributing to butterflies' hovering is their body pitch. Unlike other insects, butterflies continuously adjust the angle of their body as they hover, modifying the orientation of their aerodynamic forces to ensure their wing strokes provide sufficient vertical force while counteracting gravity. This adjustment, along with adjustments to their wing pitch angles, allows butterflies to generate adequate force to sustain hovering flight.

Butterflies' ability to maintain hovering with light wings flapping at low frequencies can help engineer stealthy MAVs with low structural demands. Though MAVs have already successfully replicated other insects' and birds' hovering capabilities, butterflies offer unique applications ranging from safety to conservation.

"This capability could revolutionize their operational scope, from navigating confined disaster zones for search-and-rescue missions, to conducting precision pollination in greenhouse environments," said Zhang. "We are particularly excited about deploying such silent hover-capable MAVs for noninvasive wildlife observation, where their biomimetic appearance and quiet operation would minimize disturbance to natural behaviors."
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Echidna microbiome changes while mums nurse puggle | ScienceDaily
Research from the University of Adelaide shows microbial communities in echidna pseudo-pouches undergo dramatic changes while the animal is lactating, which could help in creating an environment for their young, known as puggles, to thrive.


						
Echidnas are monotremes, which are the only mammals that lay eggs. The early developmental stage at which they hatch from their egg means that the puggles lack a functioning immune system.

"We know the reproductive microbiome is important to infant health, including for humans, but little is known about how it functions in egg-laying monotremes," says the University of Adelaide's Isabella Wilson, whose study was published in FEMS Microbiology Ecology.

"Instead of picking up vaginal microbiota during delivery like other mammals, echidnas are shielded by the eggshell and don't come into direct contact with the cloaca."

The first few weeks of life are critical for puggles, as they hatch at an early developmental stage. They continue to grow in the pseudo-pouch, which is created from the contraction of abdominal muscles and disappears when a female is not nursing.

"We investigated changes in the echidna pseudo-pouch microbiota during different stages of the reproductive cycle and found that during lactation pseudo-pouch microbial communities show significant differences in composition compared with samples taken outside of breeding season or during courtship and mating," Wilson says.

"This suggests that the echidna pseudo-pouch environment changes during lactation to accommodate young that lack a functional adaptive immune system."

The way puggles suckle may contribute to the shift in microbes.




"Another unique aspect of echidna biology is that they lack nipples. Instead of suckling like other species, the puggle rubs its beak against a part of the pseudo-pouch called the milk patch, causing milk to come out of the skin, sort of like a sweat or oil gland," says Wilson.

"We think that compounds within the milk and from the skin probably contribute to the changes we see in the pseudo-pouch microbiota during lactation."

Echidnas are commonly held in zoos in Australia and around the world. Previous work from the same research group showed big differences in the gut microbiome between echidnas in zoos and in the wild.

"We were surprised to find no major difference in the pseudo-pouch between zoo-managed and wild animals, which suggests to us that the milk, rather than external environmental factors like captivity, is what primarily shapes the bacterial landscape of the pseudo-pouch," Wilson says.

"For conservation in the wild, and in breeding programs, we need to learn more about the bacteria found in echidna pseudo-pouches and better understand how these affect echidna health."
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Summer in the city: Urban heat release and local rainfall | ScienceDaily
Stifling heat and sticky air often make summertime in the city uncomfortable. Due to the heat island effect, urban areas are significantly warmer than nearby rural areas, even at night. This, combined with more frequent extreme weather events caused by climate change, often render the city an unpleasant environment in the summer.


						
Urbanization and climate change modify the thermal environment of urban areas, with an expectation that urban disasters from extremely hot weather and heavy rainfall will only become more severe. Mitigating potential damage involves reducing the intensity of the heat island effect and adapting to climate change.

Motivated by this problem, a team of researchers at Kyoto University set out to investigate how the reduction in urban heat release could help mitigate and control the rapid development of thunderstorms and local rainfall.

The team conducted numerical simulations of a local rain storm using a mesoscale meteorological model. The team selected a rainfall event in Osaka City on 27 August 2023 that occurred under summertime afternoon conditions without the influence of a typhoon or weather front.

After reproducing this rainfall event in a series of control simulations with different initial conditions, the team conducted a set of numerical experiments in which they systematically reduced sensible heat fluxes at the surface in land and urban areas, such as urban heat release.

When comparing the results between the control and sensitivity simulations, the team examined the impact of reducing sensible heat fluxes over urban areas on the intensity and amount of rainfall in Osaka City. Their results demonstrate that the reduction of heat release in urban areas can lead to the mitigation and control of local-scale rainfall on summer afternoons.

"Our study indicates that the regulation of urban heat release as a weather modification method is a promising approach in controlling local-scale rainfall," says first author Kenta Irie.




Due to the compounding effects of climate change and urban heating, the increase in weather-related issues is becoming part of daily life in urban and residential environments. It is necessary to prepare for these changes in extreme weather such as heavy rainfall and strong wind in cities, and this research has revealed one way of doing so.

"We are excited to learn that regulating urban heat release has the potential to help us deal with urban weather-related issues," says corresponding author Tetsuya Takemi.

The researchers are now using a high-resolution numerical model, which represents actual urban environments, to investigate the impacts of heat release from individual buildings and streets in real cities. They plan to combine this numerical modeling and the mesoscale meteorological model to quantitatively assess how to control local-scale rainfall with the reduction in urban heat release.

"We hope to further advance our study on urban extreme weather and contribute to further mitigation of these problems," says Takemi.
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Flamingos create water tornados to trap their prey | ScienceDaily
Flamingos standing serenely in a shallow alkaline lake with heads submerged may seem to be placidly feeding, but there's a lot going on under the surface.


						
Through studies of Chilean flamingos in the Nashville Zoo and analysis of 3D printed models of their feet and L-shaped bills, researchers have documented how the birds use their feet, heads and beaks to create a storm of swirling tornados, or vortices, in the water to efficiently concentrate and slurp up their prey.

"Flamingos are actually predators, they are actively looking for animals that are moving in the water, and the problem they face is how to concentrate these animals, to pull them together and feed," said Victor Ortega Jimenez, an assistant professor of integrative biology at the University of California, Berkeley, who specializes in biomechanics. "Think of spiders, which produce webs to trap insects. Flamingos are using vortices to trap animals, like brine shrimp."

Ortega Jimenez and collaborators at the Georgia Institute of Technology in Atlanta; Kennesaw State University in Marietta, Georgia (KSU-Marietta); and the Nashville Zoo will publish their findings this week in the journal Proceedings of the National Academy of Sciences.

The researchers found that flamingos use their floppy webbed feet to churn up the bottom sediment and propel it forward in whorls that the birds then draw to the surface by jerking their heads upward like plungers, creating mini tornados. All the while, the birds' heads remain upside down within the watery vortex, their angled beaks chattering to create smaller vortices that direct the sediment and food into their mouths, where it's strained out.

The beak of a flamingo is unique in being flattened on the angled front end, so that when the bird's head is upside down in the water, the flat portion is parallel to the bottom. This allows the flamingo to employ another technique called skimming. This involves using its long, S-shaped neck to push its head forward while rapidly clapping its beak, creating sheet-like vortices -- von Karman vortices -- that trap prey.

This suite of active feeding behaviors belie the flamingo's reputation as a passive filter feeder, Ortega Jimenez said.




"It seems like they are filtering just passive particles, but no, these animals are actually taking animals that are moving," he said.

The principles he discovered could be used to design better systems for concentrating and sucking up tiny particles, such as microplastics, from water; better self-cleaning filters, based on chattering; or robots that, like flamingos, can walk and run in mud.

Chattering

Ortega Jimenez, a native of Puebla, Mexico, became fascinated with the feeding behavior of flamingos during a visit to Zoo Atlanta with his wife and daughter before the COVID-19 pandemic. Filming the birds' feeding behavior, he observed only ripples on the surface.

"We don't know anything about what is happening inside. That was my question," he said.

At the time a postdoctoral fellow at Kennesaw State University in Georgia, Ortega Jimenez focused on flamingo feeding as his next research project. He views himself, he said, as a modern-day Darwinian naturalist, investigating the behavior of animals of all types, from nematodes and flies to springtails and birds, focusing on how the animals interact with and manipulate their surroundings, including air, water and electromagnetic fields.




From Kennesaw State he moved to the Georgia Institute of Technology to work in the lab of Saad Bhamla, where he collaborated with engineers, and they gained access to Chilean flamingos at the Nashville Zoo. The team filmed them feeding in a large tray, using a laser to illuminate gas bubbles in the water in order to see the vortices created by the heads and beaks of the animals.

After moving to the University of Maine in Orono as an assistant professor, Ortega Jimenez refined 3D printed models of a flamingo beak and foot to study more precisely the movement of water and particles during the beak clapping, or "chattering," that the birds use when eating.

In 2024, he moved again, to UC Berkeley, where he conducted experiments to see how effective the chattering and foot stomping was in capturing live brine shrimp. The new paper summarizes all of this collaborative work.

At UC Berkeley, he attached a real flamingo beak to an actuator to simulate chattering and added a small pump in the mouth to simulate the tongue and suck up the brine shrimp captured by the mouth. With this setup, he was able to establish that chattering is key to flamingo feeding.

"The chattering actually is increasing seven times the number of brine shrimp passing through the tube," he said. "So it's clear that the chattering is enhancing the number of individuals that are captured by the beak."

Stomp Dancing

The feeding behavior begins with the feet, Ortega Jimenez said. If you look at a flamingo in very shallow water, you can often see its dancing-in-place or circular dancing behavior.

The feet are webbed, but as with many wading birds, they are floppy, so that when the bird lifts a foot, the webbing collapses and comes away from the bottom without the suction that makes it hard for humans to walk in mud. When walking or running, flamingos seem to slide their feet into the water instead of stomping, a technique that could help robots walk in water or mud.

Ortega Jimenez created models of both rigid and flexible flamingo feet to compare how the two designs affect fluid flow, and he found that the floppy feet are much more effective at pushing vortices of sediment out in front of each step. Rigid webbing primarily produces turbulence.

Creating a 3D model of the L-shaped beak, he was able to show that pulling the head straight upward in the water creates a vortex swirling around a vertical axis, again concentrating particles of food. He measured the head speed at about 40 centimeters per second (1.3 feet per second). The small tornados were strong enough to entrap even agile invertebrates, such as brine shrimp and the microscopic crustaceans called copepods.

Chattering also creates vortices around the beak. In this case, the flamingo keeps its upper beak stationary, though it is capable of independent motion, and moves only the lower beak -- about 12 times per second during chattering, Ortega Jimenez discovered.

Tien Yee, a co-author of the paper and a professor at KSU-Marrieta, employed computational fluid dynamics to simulate on a computer the 3D flow around the beak and the feet. He confirmed that the vortices do indeed concentrate particles, similar to experiments using a 3D-printed head in a flume with both actively swimming brine shrimp and passively floating brine shrimp eggs.

"We observed when we put a 3D printed model in a flume to mimic what we call skimming, they are producing symmetrical vortices on the sides of the beak that recirculate the particles in the water so they actually get into the beak," Ortega Jimenez said. "It's this trick of fluid dynamics."

His next projects are to determine the role of the flamingo's piston-like tongue and how the comb-like edges of the beak filter prey out of briny and sometimes toxic water.

"Flamingos are super-specialized animals for filter feeding," he said. "It's not just the head, but the neck, their legs, their feet and all the behaviors they use just to effectively capture these tiny and agile organisms."

In addition to Yee, other co-authors of the paper are postdoctoral fellow Pankaj Rohilla, graduate student Benjamin Seleb and Professor Saad Bhamla at Georgia Tech; and Jake Belair of the Nashville Zoo in Tennessee. The work was supported by grants from the National Science Foundation (NSF CAREER iOS-1941933), and the Open Philanthropy Project to Bhamla, and from the University of Maine and UC Berkeley to Ortega Jimenez.
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From prehistoric resident to runaway pet: First tegu fossil found in the U.S. | ScienceDaily
Originally from South America, the charismatic tegu made its way to the United States via the pet trade of the 1990s. After wreaking havoc in Florida's ecosystems, the exotic lizard was classified as an invasive species. But a recent discovery from the Florida Museum of Natural History reveals the reptiles are no strangers to the region -- tegus were here millions of years before their modern relatives arrived in pet carriers.


						
Described in a new study in the Journal of Paleontology, this breakthrough came from a single, half-inch-wide vertebra fossil that was unearthed in the early 2000s and puzzled scientists for the next 20 years. Jason Bourque, now a fossil preparator in the museum's vertebrate paleontology division, came across the peculiar fossil in the museum's collection freshly out of graduate school.

"We have all these mystery boxes of fossil bones, so I was digging through, and I kept coming across this one vertebra," Bourque said. "I could not figure out what it was. I put it away for a while. Then I'd come back and say: Is it a lizard? Is it a snake? In the back of my mind for years and years, it just sat there."

The vertebra had been found in a fuller's earth clay mine just north of the Florida border, after a tipoff from the local work crew prompted a visit from the museum's paleontologists. There was just one catch: The mine was slated to close, and its quarry, along with any exposed fossils, would soon be filled in. Working against a deadline, the scientists excavated as many fossils as they could and brought them back to the museum, where the vertebra sat in storage, its identity unresolved.

Years later, Bourque stumbled across an image of tegu vertebrae while looking through studies for a new research paper. "I saw the tegu, and I just knew right away that's what this fossil was," Bourque said.

Today, tegus are of particular interest to Florida's wildlife biologists and conservationists. Their bold patterns and docile attitudes make them attractive pets, but that often changes once they reach nearly 5 feet in length and weigh 10 pounds. Exotic pets have a knack for slipping free -- or being released -- into the wild, where they can take a heavy toll on native ecosystems. This is the case with modern tegus in Florida.

But until this point, there was no record of prehistoric tegus in North America. Bourque needed evidence to back up his revelation. Paleontologists typically work with multiple bones to identify an animal, but Bourque just had a single vertebra. He recruited his colleague, Edward Stanley, director of the museum's digital imaging laboratory, who saw an opportunity to try out a new, machine learning technique -- one that doesn't rely on a paleontologist's decades of specialized knowledge.




With a CT scan of the unidentified fossil, Stanley carefully measured and landmarked each bump, hole and furrow of the fossil. Next, he needed vertebrae from other tegus and related lizards for comparison. Fortunately, the team had access to an abundance of specimens thanks to the museum's openVertebrate (oVert) project, a free, online collection of thousands of 3D images of vertebrates. Instead of measuring these images by hand, Stanley used a technique developed by Arthur Porto, the museum's curator of artificial intelligence for natural history and biodiversity, to automatically recognize and fit the corresponding landmarks onto more than 100 vertebrae images from the database. By comparing the data of all their shapes, he determined the fossil matched the other tegus and pinpointed its original position to the middle of the lizard's spinal column.

While the fossil was unmistakably a tegu vertebra, it wasn't an exact match with any of the specimens in the database. This meant the team had uncovered a news species, which they named Wautaugategu formidus. Wautauga is the name of a forest near the mine where the fossil was discovered. Although the word's origin is unclear, it is thought to mean "land of the beyond," which Bourque and Stanley found fitting for the long-extinct species, that, despite having ancestral ties to South America, ended up in present-day Georgia.

"Formidus," a Latin word meaning "warm," alludes to the reason these lizards likely wound up in the southeastern United States in the first place. The fossil is from the Middle Miocene Climatic Optimum, a particularly warm period in Earth's geologic history. At the time, sea levels were significantly higher than today, and with most of Florida underwater, the historic coastline would have been near the site of the fossil bed. Tegus are terrestrial lizards, but they are strong swimmers. The warm climate may have tempted them to travel from South America into present-day Georgia, but the region did not remain hospitable for long.

"We don't have any record of these lizards before that event, and we don't have any records of them after that event. It seems they were here just for a blip, during that really warm period," Bourque said.

The tegus would likely have struggled and ultimately disappeared as global temperatures cooled. Like other egg-laying animals, their reproduction is highly dependent on temperature, and the cold may have limited their ability to produce or hatch eggs.

Finding more tegu fossils may help demystify the prehistoric lizard's brief stint in North America. "I'm ready to go up to the Panhandle and try to find more fossil sites along the ancient coastal ridge near the Florida-Georgia border," Bourque said.

Stanley, meanwhile, hopes the next find won't languish in storage. The combination of 3D modeling and artificial intelligence to identify fossils without relying on decades of specialized knowledge could dramatically speed up the process. With open access to data worldwide, it could even lead to a global database for fossil identification.

"There are boxes full, shelves full, of fossils that are unsorted because it requires a huge amount of expertise to identify these things, and nobody has time to look through them comprehensively," Stanley said. "This is a first step towards some of that automation, and it's very exciting see where it goes from here."
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Measles virus detected in Houston wastewater before cases were reported | ScienceDaily
An innovative outbreak detection program that tracks disease-causing viruses in wastewater identified the measles virus in Houston samples collected in early January 2025, before cases were reported. The team that developed the program, which includes researchers at Baylor College of Medicine, the School of Public Health at University of Texas Health Science Center - Houston, the Houston Health Department and Rice University, published their findings in the American Journal of Public Health.


						
The researchers detected the virus in wastewater using a sequencing-based approach, a highly sensitive and specific method that analyzes genetic material. This strategy might have broad implications for public health, particularly as a sentinel surveillance system to detect viruses before widespread outbreaks occur. The findings are relevant and timely as measles cases are increasing in Texas and the rest of the country and the study offers a promising strategy to get ahead of potential outbreaks.

"In 2023, we showed that systematically sequencing the genetic material in wastewater reveals dynamic changes in human viruses circulating in a community. Importantly, analyzing these viral changes in wastewater can improve our understanding of outbreaks and transmission and inform public health preparedness, just as one uses meteorological data to better understand and predict weather patterns to anticipate potentially dangerous conditions," said co-corresponding author Dr. Anthony Maresso, Joseph Melnick Endowed Chair and Professor in Molecular Virology and Microbiology at Baylor.

In the current study, the researchers reported that their wastewater surveillance program detected the measles virus in samples collected on Jan. 7 in two Houston water treatment facilities serving more than 218,000 residents. A parallel investigation confirmed on Jan. 17 the measles virus in two travelers residing in the same area serviced by the sampled water treatment plants.

"In such cases our next step is always validating the signal with a second method, and we were able to do so through a collaboration with the Houston Health Department and Rice University," said co-first author Dr. Sara Javornik Cregeen, assistant professor in the Alkek Center for Metagenomics and Microbiome Research at Baylor. "They tested for the virus presence in samples from the same date and collection site and confirmed the signal using another technique, PCR."

"As a reference, the 821 Houston wastewater samples we sequenced from the same area were negative for measles virus in the previous 31 months," she added.

"Because no other cases have been reported and the detections occurred in the same area where the travelers resided, it is reasonable to assume that the measles signal detected in wastewater is from the two infected cases, which underscores the high sensitivity of the method," Maresso said.




"With lessons learned from the Houston measles detection event, we are now working with our public health partners to gather data on the current measles outbreak in West Texas. Although not reported here, our program has been monitoring measles in wastewater from those sites as well, hoping the information can help officials get ahead of this virus," said co-first author Dr. Michael Tisza, assistant professor of molecular virology and microbiology at Baylor.

Currently, the researchers are not detecting measles viruses in wastewater in Houston but are detecting it in West Texas cities. The team continues to record the weekly activity of possible concerning viruses and report the results in the first of its kind sequencing-based health dashboard that is publicly available at https://tephi.texas.gov/early-detection.

Dr. Eric Boerwinkle, dean of the UTHealth Houston School of Public Health and co-corresponding author, said that "This work underscores the ability of sophisticated wastewater analyses to serve as an early detection system benefitting public health, healthcare and communities in preventing a measles outbreak in Houston."

He goes on to remind us that "The best protection from contracting the measles virus is the MMR vaccine, which has been shown to be safe and effective."
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Sunlight-powered system mimics plants to power carbon capture | ScienceDaily
Current methods of capturing and releasing carbon are expensive and so energy-intensive they often require, counterproductively, the use of fossil fuels. Taking inspiration from plants, Cornell University researchers have assembled a chemical process that can power carbon capture with an energy source that's abundant, clean and free: sunlight.


						
The research could vastly improve current methods of carbon capture -- an essential strategy in the fight against global warming -- by lowering costs and net emissions.

In the study, researchers found that they can separate carbon dioxide from industrial sources by mimicking the mechanisms plants use to store carbon, using sunlight to make a stable enol molecule reactive enough to "grab" the carbon. They also used sunlight to drive an additional reaction that can then release the carbon dioxide for storage or reuse. It's the first light-powered separation system for both carbon capture and release. Graduate student Bayu Ahmad is first author.

"From a chemistry standpoint, this is totally different than what anybody else is doing in carbon capture," said senior author Phillip Milner, associate professor of chemistry and chemical biology in the College of Arts and Sciences. "The whole mechanism was Bayu's idea, and when he originally showed it to me, I thought it would never work. It totally works."

The researchers tested the system using flue samples from Cornell's Combined Heat and Power Building, an on-campus power plant that burns natural gas, and found it was successful in isolating carbon dioxide. Milner said this step was significant, as many promising methods for carbon capture in the lab fail when up against real-world samples with trace contaminants.

"We'd really like to get to the point where we can remove carbon dioxide from air, because I think that's the most practical," Milner said. "You can imagine going into the desert, you put up these panels that are sucking carbon dioxide out of the air and turning it into pure high-pressure carbon dioxide. We could then put it in a pipeline or convert it into something on-site."

Milner's lab is also exploring how the light-powered system could be applied to other gasses, as separation drives 15% of global energy use.

"There's a lot of opportunity to reduce energy consumption by using light to drive these separations instead of electricity," Milner said.

The study was supported by the National Science Foundation, the U.S. Department of Energy, the Carbontech Development Initiative and Cornell Atkinson.
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Submarine robot catches an underwater wave | ScienceDaily
Small autonomous underwater vehicles, like the drones of the sea, could be very useful for studying the depths of the ocean and monitoring its changing conditions. But such nautical mini bots can be easily overpowered by turbulent ocean currents.


						
Caltech scientists led by John Dabiri (PhD '05), the Centennial Professor of Aeronautics and Mechanical Engineering, have been taking advantage of the natural ability of jellyfish to traverse and plumb the ocean, outfitting them with electronics and prosthetic "hats" with which the creatures can carry small payloads on their nautical journeys and report their findings back to the surface. These bionic jellyfish must contend with the ebb and flow of the currents they encounter, but the brainless creatures do not make decisions about how best to navigate to a destination, and once they are deployed, they cannot be remotely controlled.

"We know that augmented jellyfish can be great ocean explorers, but they don't have a brain," Dabiri says. "So, one of the things we've been working on is developing what that brain would look like if we were to imbue these systems with the ability to make decisions underwater."

Now Dabiri and his former graduate student Peter Gunnarson (PhD '24), who is now at Brown University, have figured out a way to simplify that decision-making process and help a robot, or potentially an augmented jellyfish, catch a ride on the turbulent vortices created by ocean currents rather than fighting against them. The researchers recently published their findings in the journal PNAS Nexus.

For this work, Gunnarson returned to an old friend in the lab: CARL-Bot (Caltech Autonomous Reinforcement Learning roBot). Gunnarson built the CARL-Bot years ago as part of his work to begin incorporating artificial intelligence into such a bot's navigation technique. But Gunnarson recently figured out a simpler way than AI to have such a system make decisions underwater.

"We were brainstorming ways that underwater vehicles could use turbulent water currents for propulsion and wondered if, instead of them being a problem, they could be an advantage for these smaller vehicles," Gunnarson says.

Gunnarson wanted to understand exactly how a current pushes a robot around. He attached a thruster to the wall of a 16-foot-long tank in Dabiri's lab in the Guggenheim Aeronautical Laboratory on Caltech's campus in order to repeatedly generate what are called vortex rings -- basically the underwater equivalents of smoke rings. Vortex rings are a good representation of the types of disturbances an underwater explorer would encounter in the chaotic fluid flow of the ocean.




Gunnarson began using the CARL-Bot's single onboard accelerometer to measure how it was moving and being pushed around by vortex rings. He noticed that, every once in a while, the robot would get caught up in a vortex ring and be pushed clear across the tank. He and his colleagues started to wonder if the effect could be done intentionally.

To explore this, the team developed simple commands to help CARL detect a vortex ring's relative location and then position itself to, in Gunnarson's words, "hop on and catch a ride basically for free across the tank." Alternatively, the bot can decide to get out of the way of a vortex ring it does not want to get pushed by.

Dabiri points out that this process includes elements of biomimicry, stealing a page from nature's playbook. Soaring birds, for example, will often take advantage of strong winds to save energy rather than attempt to fly against them. Experiments have also shown that fish may allow themselves to be carried by the ocean's swirling currents to help conserve energy. However, in both natural cases, the systems are using relatively sophisticated sensory input and a brain to accomplish this.

"What Peter has figured out is that basically with a single sensor, this one accelerometer, and relatively simple control laws, we can achieve similar advantages in terms of using the energy in the environment to go from point A to point B," Dabiri says.

Looking to the future, Dabiri hopes to marry this work with his hybrid jellyfish. "With the jellyfish, we can have an onboard accelerometer measure how this system is getting pushed around," he says. "Hopefully, we can demonstrate a similar capability to take advantage of environmental flows to move more efficiently through the water."
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Vast Aztec trade networks behind ancient obsidian artifacts | ScienceDaily
New archaeological research by Tulane University and the Proyecto Templo Mayor in Mexico reveals how obsidian -- a volcanic glass used for tools and ceremonial objects and one of the most important raw materials in pre-Columbian times -- moved across ancient Mesoamerica and shaped life in its capital, Tenochtitlan. The study sheds new light on the economic networks, rituals and political influence of the Mexica (Aztec) Empire.


						
Published this week in Proceedings of the National Academy of Sciences, the study analyzed 788 obsidian artifacts excavated from the Templo Mayor of Tenochtitlan, the main temple and core of the Mexica Empire located in what is now Mexico City. The research represents the largest compositional study of obsidian ever conducted at the site.

Archaeologists found that while the Mexica primarily used green obsidian from the Sierra de Pachuca source, they also acquired obsidian from at least seven other locations, including regions beyond their political borders, such as Ucareo, in the Purepecha territory in West Mexico. The findings suggest a sophisticated economy that relied not only on conquest but on active long-distance trade, even with rival polities.

"Although the Mexicas preferred green obsidian, the high diversity of obsidian types, mainly in the form of non-ritual artifacts, suggests that obsidian tools from multiple sources reached the capital of the Empire through market instead of direct acquisition in the outcrop," said lead author Diego Matadamas-Gomora, a PhD candidate in Tulane's Department of Anthropology. "By studying where this material came from, we can explore the movement of goods across Mesoamerica."

The analysis showed that nearly 90% of the obsidian artifacts in the sample were made with Sierra de Pachuca obsidian -- prized for its green hue and symbolic connection to the mythical city of Tollan. Almost all the ceremonial artifacts found inside buried offerings at the Templo Mayor were made with this type of obsidian, including miniature weapons, jewelry and inlays for sculptures.

A smaller but significant portion of the obsidian came from places like Otumba, Tulancingo, Ucareo and El Paraiso, some of which lay outside the control of the Mexica Empire. These materials were more commonly used for tool production and found in the construction fill, indicating that these obsidian types were available to the general population through local markets rather than being tightly controlled by the state.

The study also tracked how obsidian use shifted over time, from the city's earliest phases around 1375 CE through its fall in 1520 CE.




During the empire's early phases, more diversity in obsidian sources appeared in both ritual and everyday objects. After the Mexica consolidated power around 1430 CE, obsidian for ritual purposes became almost exclusively sourced from Sierra de Pachuca, suggesting growing religious standardization and centralized control.

"This kind of compositional analysis allows us to trace how imperial expansion, political alliances and trade networks evolved over time," Matadamas-Gomora said.

The research was made possible through a partnership between Tulane and Mexico's Proyecto Templo Mayor of the National Institute of Anthropology and History (INAH), with artifacts analyzed using portable X-ray fluorescence (pXRF), a non-destructive method that identifies the geochemical fingerprint of each artifact.

"This work not only highlights the Mexica Empire's reach and complexity but also demonstrates how the archaeological sciences can be leveraged to study ancient objects and what they can tell us about past cultural practices," said study co-author Jason Nesbitt, an associate professor in Tulane's Anthropology Department.

This publication was partially funded by Tulane's Supporting Impactful Publications (SIP) Program. It is co-authored by Tulane researchers Nesbitt, Julia Sjodahl and Tatsuya Murakami, and INAH researchers Leonardo Lopez Lujan, Rodolfo Aguilar Tapia and Alejandro Pastrana.
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Olympic anti-doping lab puts U.S. meat supply to the test | ScienceDaily
Scientists at UCLA's Olympic Analytical Laboratory turned their sophisticated analytical capabilities for testing athlete samples for performance-enhancing drugs to research examining the U.S. meat supply as part of a study led by Texas Tech. The study was designed to investigate concerns that residues of growth promoters used in meat production could potentially cause athletes to test positive.


						
The laboratory, which typically searches for prohibited substances in urine and blood samples from elite athletes, took part in a comprehensive year-long surveillance study funded by the Partnership for Clean Competition (PCC) examining beef, pork, and chicken purchased from retail outlets across eight U.S. cities.

Growth-promoting substances like ractopamine and trenbolone are legally used in U.S. livestock production to increase muscle growth and improve feed efficiency. While the European Union bans many of these compounds, U.S. regulations permit their controlled use in specific animals (particularly beef cattle), though suggested voluntary withdrawal periods for ractopamine before slaughter help ensure residue levels remain within established limits for safe human consumption. Some athletes have attributed positive anti-doping tests to contaminated meat from the U.S. food supply.

Researchers at the lab led by Elizabeth (Ellie) Ahrens, director of the UCLA Olympic Analytical Laboratory, employed the same analytical methods used in anti-doping efforts -- liquid chromatography with high-resolution mass spectrometry -- to screen meat samples for anabolic steroids and other growth-promoting agents that are prohibited in sports.

The study, led by Dr. Bradley J. Johnson at Texas Tech University, and in collaboration with the United States Anti-Doping Agency (USADA), found that while some beef samples contained detectable levels of substances like ractopamine, trenbolone, and estradiol, all measurements remained well below the maximum residue limits established by regulatory authorities such as the FDA. Pork and chicken samples showed minimal residues, with the vast majority testing entirely negative for prohibited substances.

"The findings suggest that positive tests resulting from meat consumption are highly unlikely when consumed in amounts consistent with typical daily diets," the researchers concluded in their report. "This study reinforces the effectiveness of current regulatory practices in limiting growth promoter residues in commercial meat." The project is ongoing to collect more samples, including examining imported meat into the U.S. from abroad.
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Evidence of mother-offspring attachment types in wild chimpanzees | ScienceDaily
Have you ever wondered how your childhood relationship with your parents shaped the person you are today? Scientists have long known that early attachment to caregivers plays a crucial role in human development, but what about one of our closest relatives, the chimpanzee?


						
By observing the behaviour of wild chimpanzees in Tai National Park, Cote d'Ivoire, over four years, researchers discovered that young chimpanzees, like human children, develop different types of attachment to their mothers. Some feel secure, relying on their mother in times of distress and exploring their environment confidently, knowing she is there to support them. Others have insecure-avoidant attachment, which means they tend to be more independent and do not seek comfort from their mothers as much. However, unlike humans, where 23.5 percent of children show disorganised attachment, and captive orphaned chimpanzees, where 61 percent show this type of attachment, wild chimpanzees showed no signs of disorganised attachment.

To the point
    	Mother-offspring attachment in the wild: Wild chimpanzees develop secure or insecure-avoidant attachments to their mothers, but not disorganised attachments, suggesting that it is not a viable survival strategy in the wild.
    	Attachment types: Chimpanzees with secure attachment are confident, while those with insecure-avoidant attachment are more independent. Disorganised attachment, common in humans and captive chimps, is linked to emotional and mental health issues.
    	Potential parenting lessons: Taking into account the impact of the caregiving environment on attachment types and how early life experiences shape social and emotional development may lead to more effective parenting strategies.

Wild chimpanzees do not show disorganised attachment

In humans, disorganised attachment occurs when a child experiences fear, trauma or aggression from their caregiver. As a result, the child may display confusing behaviours, wanting affection but also fearing the caregiver. This type of attachment can lead to difficulties with emotional regulation, social integration and long-term mental health problems. Disorganised attachment is thought to be maladaptive because it leaves the child uncertain about how to respond in times of distress, potentially hindering their ability to cope effectively and affecting their overall survival.

Captive chimpanzees, particularly orphans raised by humans, often develop disorganised attachment, probably due to the lack of a permanent caregiver. But in the wild, where chimpanzees grow up in stable family groups and face natural survival pressures such as predation, the researchers found no evidence of disorganised attachment. "In the wild, we found no evidence of disorganised attachment patterns, which supports the hypothesis that this type of attachment may not be an adaptive survival strategy in the face of environmental constraints," says first author Eleonore Rolland. This suggests that if disorganised attachment does occasionally occur in wild chimpanzees, these individuals are unlikely to survive or reproduce.

Potential implications for human parenting

Attachment theory is a key concept in psychology that explains how early relationships shape emotional and social development. Secure attachment is associated with confidence and resilience, while insecure and disorganised attachment can be associated with anxiety, stress or difficulties in relationships. The fact that wild chimpanzees showed only secure or insecure avoidant attachment raises new questions about modern human parenting. "Our results deepen our understanding of chimpanzees' social development and show that humans and chimpanzees are not so different after all," says Eleonore Rolland. "But they also make us think: have some modern human institutions or caregiving practices moved away from what is best for infant development?"




Insights into the roots of human social behaviour

"By identifying attachment patterns in wild chimpanzees, we provide important insights into the roots of human social behaviour," says senior author Roman Wittig. This study bridges psychology, animal behaviour and anthropology, shedding light on how attachment strategies have evolved across species. Senior author Catherine Crockford adds: "Our findings suggest that shared attachment strategies in primates may reflect a common evolutionary heritage. The high prevalence of disorganised attachment in humans and captive orphan chimpanzees, in contrast to wild chimpanzees, also supports the idea that the rearing environment plays an important role in shaping attachment types."

These findings bring us closer to understanding both chimpanzees and humans, and encourage deeper reflection on how early life experiences shape social and emotional development across species.
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Invasive salmon, clams and seaweed are next threats to biodiversity in Britain | ScienceDaily
Pink salmon, Purple Asian clams, marine invertebrates that form spaghetti-like colonies and a nematode worm that causes extensive deaths of trees are among the new entries in experts' watchlist of invasive non-native species that could threaten Great Britain in the next 10 years.


						
The latest version of the watchlist, which again includes known problem species such as the yellow-legged (Asian) hornet, raccoon and twoleaf watermilfoil, has been produced by experts led by the UK Centre for Ecology & Hydrology (UKCEH) and commissioned by Defra.

The experts identified 145 non-native animals and plants that have the potential to become invasive in the near future, impacting biodiversity and ecosystems and also, in some cases, human health and/or the economy. Some of these species, from a diverse range of taxonomic groups and habitats, have already been recorded in Britain but are not established, meaning they have not managed to sustain populations so far. Others have yet to arrive.

Non-native species arrive in Britain through global transport and trade, either intentionally or are hidden in plants, other imported goods or ship ballast water. Climate change is enabling many species from warmer climates to survive and spread in Europe.

Top 20 threats

From the 145 species of concern, the experts compiled a 'top 20' that pose the greatest risk (see table with impacts in Notes), in order to inform monitoring efforts, policies and communications to the public, businesses and local authorities. The new entries include:
    	Pink salmon (Oncorhynchus gorbuscha) is already recorded in some rivers in Scotland and northern England but it is not known if these populations are self-sustaining. It outcompetes already vulnerable native salmonoids, such as Atlantic salmon.
    	Pine wood nematode (Bursaphelenchus xylophilus), a threadworm that causes pine wilt disease, which has resulted in extensive deaths of trees in all regions where it already occurs. Also Pine sawyer beetle(Monochamus galloprovincialis), a carrier of the nematode.
    	Spaghetti bryozoan (Amathia verticillata), a colonial filter-feeding invertebrate that forms large, bushy colonies, outcompeting native species and disrupting food chains by consuming large quantities of phytoplankton. It can grow on and smother seagrasses and foul boats and fishing equipment. When detached, it forms large drifting rafts that can clog intake pipes and aid dispersal of small motile non-natives that live on it.
    	Purple Asian clam (Corbicula largillierti), a species that can reproduce rapidly, outcompetes native molluscs and clogs pipes, obstructing infrastructures such as drinking water facilities, resulting in expensive repairs. It is closely related to the Asian clam (Corbicula fluminalis), which is also in the top 20, and the Asiatic clam (Corbicula fluminea), which is already invasive in Britain.
    	Veined rapa whelk (Rapana venosa) is a voracious predator that feeds on native oysters, scallops and mussels, outcompeting other predators and potentially resulting in economic impacts for fishing communities.
    	Asian fan weed (Rugulopteryx okamurae) is an invasive seaweed that displaces native species. When detached it can be deposited as decomposing masses on shores, smothering small invertebrates and affecting tourism and, potentially, human health.

This is the third 'horizon-scanning' exercise to predict invasive non-native species that could be a threat to Britain, following lists in 2013 and 2019. It involves assessing many hundreds of species from around the world that have the potential to impact biodiversity and ecosystems in Britain. Compiling the best available evidence and combining this with scientists' expertise to fill in gaps enabled the team to produce a list of priority invasive non-native species.




Informing action

Professor Helen Roy, an ecologist at UKCEH, who led the report, said: "Prevention is the most effective approach to mitigating the threat of invasive non-native species. Eradicating them once they have arrived in a country and become established is very difficult and costly.

"Horizon-scanning is therefore essential to identify species of particular concern, which can then inform monitoring and surveillance activities, and action plans, as well as raising awareness through communication. The commitment from the experts, who mostly contributed on a voluntary basis, was inspiring.

"The public also play a vital role by recording and reporting sightings of invasive non-native species, helping to inform action."

For example, the scientists predicted in their first watchlist in 2013 that the yellow-legged hornet (Vespa velutina), also known as the Asian hornet, would arrive in Britain and pose a threat to pollinating insects. It was added to the list of alert species for Britain, monitoring and surveillance systems were implemented and communication campaigns raised awareness and encouraged people to submit potential sightings.

The yellow-legged hornet was first recorded in Britain in 2016 and there have been subsequent sightings every year but sustained early detection and then rapid response from the Animal and Plant Health Agency's National Bee Unit in eradicating insects and nests found has so far prevented it establishing here. It is critical that everyone remains alert to the threat of yellow-legged hornets and continues to report sightings of concern because the threat of this species to remains high.

Top 20 threats

The list again includes beetle species that pose a significant risk to trees through their feeding and tunnelling habitats -- Emerald ash borer, Asian longhorn and Citrus longhorn. It also again includes raccoons which may threaten bird species and fruit crops, displace native carnivores and carry rabies and a roundworm parasite that is potentially fatal to humans.

Olaf Booy, Deputy Chief Non-Native Species Officer at the GB Non-native Species Secretariat, part of the Animal and Plant Health Agency, said: "There are over 2,000 non-native species already established in Britain and new species are introduced each year. While only 10-15% become invasive non-native species, those that do have serious impacts on the environment, cost the economy nearly PS2 billion a year, and even harm our health. Horizon scanning is a crucial part of preventing new arrivals by helping us to predict in advance which species are likely to be introduced, establish, spread and have a harmful impact in future."
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It's not just El Nino: New climate phenomenon impacts Hawai'i rainfall | ScienceDaily
El Nino-Southern Oscillation (ENSO) is known to have a significant impact on climate across the Pacific, including Hawai'i, and adjacent continents. However, new research led by University of Hawai'i at Manoa atmospheric scientists revealed that the Pacific Meridional Mode (PMM), another climate pattern that operates in the eastern Pacific Ocean, plays a major role in the variability of rainfall in Hawai'i. Their study was published recently in the Journal of Climate. 


						
"Our study suggests that although El Nino emerges as the primary driver of winter rainfall variability in Hawai'i, the Pacific Meridional Mode has a pivotal role in spring rainfall, particularly for Maui and the Island of Hawai'i," said Pao-Shin Chu, study co-author, professor of atmospheric sciences in the UH Manoa School of Ocean and Earth Science and Technology, and Hawai'i State Climatologist.

"Importantly, our analysis disentangles the respective roles of ENSO and the PMM in driving rainfall variability across seasons and types of weather disturbance in Hawai'i," said lead author Bo-Yi Lu, who was an atmospheric sciences doctoral student in SOEST at the time of this research. "These findings not only deepen our understanding of regional climate dynamics but also offer valuable insights for water resource management and disaster preparedness in Hawai'i and beyond."

During what is termed the "positive state" of the PMM, weaker trade winds in the northeast Pacific Ocean between Hawai'i and Baja California occur along with increased sea surface temperatures. During the "negative state," stronger trade winds and cooler surface temperatures prevail.

Chu and Lu performed diagnostic analyses using a combination of actual weather and sea surface observations, and weather model-generated data to determine how these patterns affect rainfall variation.

They determined that in spring, a positive PMM state precipitates extensive rainfall across the state, specifically, greater rainfall throughout the islands occurs as cold fronts move through. Additionally, whether the positive state occurs in winter or spring, the result is that the leeward sides of the Hawaiian Islands experience an increase in extreme rainfall events, suggesting a heightened risk of floods. Their analysis also showed that a negative state of the PMM corresponded with reduced daily rainfall over windward sides of the islands, potentially exacerbating drought occurrences.

As the state of Hawai'i experiences population growth, the demand increases for water for drinking, food production, agriculture, recreation, construction, medical uses and more.

"This uncertainty in interannual rainfall, together with the increasing demand for water, requires us to better understand the relationship between rainfall and climate variability," said Chu. "We aim for our research to empower our communities with climate and weather information."
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Tapping a new toolbox, engineers buck tradition in new high-performing heat exchanger | ScienceDaily
By combining topology optimization and additive manufacturing, a team of University of Wisconsin-Madison engineers created a twisty high-temperature heat exchanger that outperformed a traditional straight channel design in heat transfer, power density and effectiveness.


						
And they used an innovative technique to 3D print -- and test -- the metal proof of concept.

High-temperature heat exchangers are essential components in many technologies for dissipating heat, with applications in aerospace, power generation, industrial processes and aviation.

"Traditionally, heat exchangers flow hot fluid and cold fluid through straight pipes, mainly because straight pipes are easy to manufacture," says Xiaoping Qian, a professor of mechanical engineering at UW-Madison. "But straight pipes are not necessarily the best geometry for transferring heat between hot and cold fluids."

Additive manufacturing enables researchers to create structures with complex geometries that can yield more efficient heat exchangers. Given this design freedom, Qian set out to discover a design for the hot and cold fluid channels inside a heat exchanger that would maximize heat transfer.

He harnessed his expertise in topology optimization, a computational design approach used to study the distribution of materials in a structure to achieve certain design goals. He also incorporated a patented technique, called projected undercut perimeter, that considers manufacturability constraints for the overall design.

With an optimized design in hand, Qian worked with colleague Dan Thoma, a professor of materials science and engineering at UW-Madison, who led the 3D printing of the heat exchanger using a metal additive manufacturing technique called laser powder bed fusion.




From the outside, the optimized heat exchanger looks identical to a traditional version with a straight channel design -- but their internal core designs are strikingly different. The optimized design has intertwining hot and cold fluid channels with intricate geometries and complex surface features. These complex geometric features guide fluid flow in a twisting path that enhances the heat transfer.

Collaborator Mark Anderson, a professor of mechanical engineering at UW-Madison, conducted thermal-hydraulic tests on the optimized heat exchanger and a traditional heat exchanger to compare their performance. The optimized design was not only more effective in transferring heat but also achieved a 27% higher power density than the traditional heat exchanger. That higher power density enables a heat exchanger to be lighter and more compact -- useful attributes for aerospace and aviation applications.

The team detailed its results in a paper published Feb. 19, 2025, in the International Journal of Heat and Mass Transfer.

While previous research has used topology optimization to study two-fluid heat exchanger designs, Qian says this work is the first to harness topology optimization and impose manufacturability constraints to ensure the design can be built and tested.

"Optimizing design on the computer is one thing, but to actually make and test it is a very different thing," Qian says. "It's exciting that our optimization method worked. We were able to actually manufacture our heat exchanger design. And, through experimental testing, we demonstrated the performance enhancement of our optimized design. The excellent work performed by the students, postdoctoral researchers and scientists in the three research groups made this advance possible."

Sicheng Sun, a recent PhD graduate from Qian's research group, is the first author on the International Journal of Heat and Mass Transfer paper. Additional co-authors include Tiago Augusto Moreira, Behzad Rankouhi, Xinyi Yu and Ian Jentz, all from UW-Madison.

The researchers patented their projected undercut perimeter technique through the Wisconsin Alumni Research Foundation. 

This work was supported by ARPA-E grant DE-AR0001475 and National Science Foundation grant 1941206. 
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Helping birds and floating solar energy coexist | ScienceDaily
From a small California winery to a large-scale energy project in China, floating photovoltaics -- or "floatovoltaics" -- are gaining in popularity. Commonly installed over artificial water bodies, from irrigation ponds and reservoirs to wastewater treatment plants, floating solar projects can maximize space for producing clean energy while sparing natural lands.


						
But where there is water, there are waterbirds. Little is known about the impacts -- positive or negative -- floating solar projects may have on birds and other wildlife. A paper from the University of California, Davis, published in the journal Nature Water, is among the first to outline key considerations to better align renewable energy and biodiversity goals.

Birds face many threats -- from habitat loss and climate change to pollution and avian influenza -- and many populations are in decline.

"That's why it's so important to understand how waterbirds are going to respond to floating solar and if there is the possibility for conservation concessions at new floating solar facilities," said corresponding author Elliott Steele, a postdoctoral scholar with the UC Davis Wild Energy Center within the Energy and Efficiency Institute. "We want to advance clean energy while promoting healthy, functional environments. Achieving this balance requires that we rigorously study and understand how wildlife responds to floating solar so we can ensure that negative impacts are avoided and potential ecological benefits are realized."

Five considerations

Drawing from their scientific field observations of birds interacting with floating PV systems, the authors examined various ways such systems could impact birds, and vice versa. They concluded that future research on FPV-waterbirds interactions should examine:
    	How waterbirds interact with each part of the floating PV infrastructure.
    	The direct and indirect effects waterbirds and floating solar projects may have on each other.
    	How bird conservation strategies may vary by site, region or season.
    	How to best monitor waterbirds at floating solar sites.
    	The potential for pollutants to be released or leached from floating solar infrastructure and what can be done to mitigate risks.

"Our team has been documenting such a diversity of bird behavior with floating PV, so we immediately knew this was a very important interaction, especially given the precipitous decline in waterbird numbers globally," said senior author and UC Davis Professor Rebecca R. Hernandez, director of the UC Davis Wild Energy Center. "Humans are also responding to waterbirds on floating PV, sometimes with deterrence. We leveraged our team's expertise in ecology and energy system science to identify risks and solution pathways such that waterbirds and floating PV can coexist."

Critical threshold of development




The Wild Energy Center is conducting research to begin to answer some of those questions. During their field work, the authors have seen black-crowned night herons resting on a floating solar structure before dawn, double-breasted cormorants jockeying for a favorable site, black phoebes nesting under panels, and more.

They note that while many types of wildlife use artificial water bodies, the authors focused on waterbirds because they interact above and below floating solar panels and are easy to observe.

So far, the scientists have observed mostly positive waterbird interactions with floating solar and additional benefits for people. For example, a farm that installs floating solar over an irrigation pond can save water by reducing evaporation, as well as produce clean energy without taking up cropland. Yet more research is required to fully understand the risks and benefits of introducing a large, relatively new technology into an aquatic environment.

"There are some things we wished we'd known before other kinds of renewable energy were developed," said coauthor Emma Forester, a Ph.D. candidate with the UC Davis Land, Air and Water Resources department and the Wild Energy Center. "While we're at this critical threshold of renewable energy development, we want to put more thought into the design that can benefit birds and other wildlife as we go forward."

Additional coauthors include Alexander Cagle and Jocelyn Rodriguez of UC Davis, Tara Conkling and Todd Katzner of U.S. Geological Survey, Sandor Kelly of University of Central Florida, Giles Exley and Alona Armstrong of Lancaster University, and Giulia Pasquale and Miriam Lucia Vincenza Di Blasi of Innovation of Enel Green Power in Italy.

The study was funded by the UC Office of the President's California Climate Action Seed Grant, Enel Green Power, U.S. Department of Energy, U.S. Bureau of Land Management and U.S. Geological Survey.
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Microbial 'phosphorus gatekeeping' found at center of study exploring 700,000 years of iconic coastline | ScienceDaily
A new study has dug deep into the past of the coastal dunes of an iconic Queensland location in a bid to better understand how microscopic processes in the soil support some of the most biodiverse landscapes on Earth.


						
Published in Nature Geoscience, the team of researchers from Griffith University, University of Sydney and Stockholm University investigated a sequence of coastal dunes of different ages (from 0-700,000 years old) in Cooloola National Park near Rainbow Beach to understand how soil microorganisms coped with severely declining levels of nutrients such as phosphorus in soil as the dunes got older.

Phosphorus is an element that is essential for all living things. It plays a crucial role in various physiological processes, including energy metabolism, cell membrane formation, and photosynthesis.

"We know a lot about the traits plants use to cope with phosphorus deficiency but have little knowledge about how soil microbes cope with it," said Professor Charles Warren, senior author from the University of Sydney.

"This knowledge gap has constrained our ability to understand how phosphorus-limited ecosystems work."

Fellow co-lead author Dr Orpheus Butler from Griffith's Australian Rivers Institute said the team found that microbes -- such as fungi and bacteria -- had really strong physiological strategies to deal with low phosphorus levels.

These strategies include the swapping out of membrane phospholipids with non-phosphorus lipids, and accumulation of various types of microbial fats.




"Our study highlights that soil microbes use sophisticated strategies to deal with phosphorus scarcity, and that these strategies significantly shape how ecosystems function and evolve over long timescales," he said.

"Microbes almost act as 'phosphorus gatekeepers' in the soil.

"The plants and the microbes are kind of competing for the phosphorus but there is reciprocity involved.

"Microbes do need the plants to grow, because if there are no plants there is no carbon for the microbes to eat. So, it's competition and facilitation at the same time."

Professor Warren said the results of this study were important because it revealed the general strategies enabling microbes to survive and thrive in extremely phosphorus-poor soils.

"We used a naturally phosphorus-poor native ecosystem to uncover the traits that allow microbes to thrive on P poor soils, but the findings are equally relevant to managed agricultural systems that often P limited," he said.




"The important next steps are to apply our knowledge of microbes to improving productivity of phosphorus-limited ecosystems."

Dr Butler said low-fertility soils supported some of the most biodiverse landscapes on Earth, such as tropical rainforests and mediterranean-climate shrublands, so these results offered some important conservation and biodiversity insights into this microscopic process.

"A lot of ecosystems worldwide are what we call phosphorus limited, which means that phosphorus is the nutrient that's constraining the growth of the system more than any other nutrient," he said.

"This is often the case in old landscapes such as our study site in Cooloola National Park, because soil phosphorus declines over time due to weathering of minerals.

"Australia is a really strong example of that; many Australian soils are really depleted of phosphorus. So, we think of phosphorus as being the master nutrient that controls many things. But in these old ecosystems, a lot of the phosphorus in the soil ends up being soaked up by the microorganisms.

"But by finding ways to use their phosphorus more efficiently, the microbes free up a huge amount of phosphorus for the plants to take up.

"So, these findings have widened our understanding of terrestrial ecosystems by highlighting a strong but overlooked interplay going on beneath the surface between microorganisms and the long-term trajectory of ecosystem development."
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Cell death discovery could lead to next-gen drugs for neurodegenerative conditions | ScienceDaily
Researchers have discovered how to block cells dying, in a finding that could lead to new treatments for neurodegenerative conditions like Parkinson's and Alzheimer's.


						
The team at WEHI in Melbourne, Australia, have identified a small molecule that can selectively block cell death.

Published in Science Advances, the findings lay the groundwork for next-generation neuroprotective drugs for degenerative conditions, which currently have no cure or treatments to stop their progression.

At a glance
    	    Researchers have discovered how to block cell death, an important first step towards slowing neurodegenerative conditions.
    
    	    The study from team at WEHI, including researchers from the Parkinson's Disease Research Centre, has revealed new insight into the mechanisms behind cell death and how it is controlled.
    
    	    The discovery was made possible through the advanced screening technologies of the National Drug Discovery Centre.
    




A new hope in the fight against degenerative conditions

Millions of cells are programmed to die in our bodies every day. But excessive cell death can cause degenerative conditions including Parkinson's disease and Alzheimer's disease, with the premature death of brain cells a cause of symptoms in these diseases.

Professor Grant Dewson, co-corresponding author and head of the WEHI Parkinson's Disease Research Centre, said: "Currently there are no treatments that prevent neurons from dying to slow the progression of Parkinson's. Any drugs that could be able to do this could be game changing."

The new study aimed to find new chemicals that block cell death and could be useful to treat degenerative diseases in the future.

To identify novel small molecules, the team worked with researchers in the National Drug Discovery Centre, headquartered at WEHI.

A high-throughput screen of over 100,000 chemical compounds identified one that was effective at stopping cells from dying, by interfering with a well-understood cell death protein.




Co-corresponding author Professor Guillaume Lessene said: "We were thrilled to find a small molecule that targets a killer protein called BAX and stops it working.

"While not the case in most cells, in neurons turning off BAX alone may be sufficient to limit cell death."

Building on decades of pioneering cell death research

The new research builds on decades of world-leading WEHI discoveries in cell death. A pioneering discovery at WEHI in 1988 of a protein that stopped programmed cell death sparked huge interest in the field, and has since led to a new drug to treat cancer.

While drugs that trigger cell death are transforming treatment of certain cancers, the development of cell death blockers -- that could be similarly game-changing for neurodegenerative conditions -- has proven challenging.

The new molecule targets a killer protein called BAX which kills cells by damaging mitochondria, the powerhouse of cells.

Lead author and Dewson Lab researcher Kaiming Li said: "For the first time we could keep BAX away from mitochondria and keep cells alive using this molecule.

"This could pave the way for next-generation cell death inhibitors to combat degenerative conditions."

The study demonstrates the potential to identify drugs that block cell death and may open a new avenue to find much-needed disease-modifying drugs for neurodegenerative conditions such as Parkinson's and Alzheimer's.

The WEHI Parkinson's Disease Research Centre is focusing on its expertise in cell death, ubiquitin signalling, mitochondria and inflammation in the hunt for disease-modifying therapies for Parkinson's.

By using a multidisciplinary approach to build understanding of the mechanisms behind the disease, the centre hopes to accelerate the discovery of drugs to stop disease progression, transforming the lives of those living with the condition.

The new research was supported by the Bodhi Education Fund and the National Health and Medical Research Council.
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The kids are hungry: Juvenile European green crabs just as damaging as adults | ScienceDaily
Scientists at Washington State University have found that juvenile European green crabs can do as much damage as adults to shellfish and native sea plants, calling into question current methods to eradicate the invasive crustaceans.


						
Green crabs are a massive threat to Washington state's shellfish industry as well as its native eelgrass, a plant vital to local seawater ecology.

For several years, shellfish growers have been trapping green crabs in huge numbers. Trappers traditionally target adult crabs because they are easier to catch and remove. More than 1.2 million were caught in Willapa Bay and Grays Harbor alone last year. But the new study shows that current removal techniques may not be enough.

WSU Extension scientists found that juvenile crabs can crack into immature shellfish, grown for humans to eat, just as easily as the larger-clawed adults, according to a paper recently published in NOAA Fishery Bulletin.

"We looked at claw size, thinking that bigger crabs would feed on more prey," said Laura Kraft, a WSU shellfish Extension specialist based in Long Beach, Wash. "But we found that even little crabs fed on almost the same proportion of juvenile Pacific oysters as bigger crabs."

Kraft and her colleagues compared young crabs to fully mature crabs, with both given different food items such as Manila clams and Pacific oysters. They found that the juveniles were just as capable of feeding on the immature shellfish provided. The finding may require a shift in mindset for the green crab invasion.

"We need to start thinking about long-term pest management," Kraft said. "I don't think eradication is possible on the southwest Washington coast. If that's the case, we need to look at how we use our limited resources to manage the impact of these invasive crabs."

Kraft and other scientists have launched new studies that could aid that approach.




"We are just starting to get a better picture of the impact these crabs are having along the coast," she said. "We know that they will impact commercial shellfish in different ways, so how do we best protect that industry?"

Washington state is the top producer of shellfish aquaculture in the country, with production estimated in excess of $200 million annually.

In the paper, the scientists also confirmed that the crabs have the potential to do more damage to native eelgrass than feeding alone. In lab-based experiments, the green crabs arbitrarily clipped the eelgrass, killing the plants for no known reason.

"Eelgrass beds are an important part of the local ecology," Kraft said. "The crabs are disrupting the whole ecological system because eelgrass is a habitat for lots of native species, especially juvenile salmon and other fish."

Kraft hopes to work with groups around Willapa Bay and Grays Harbor, which both have huge green crab populations and important shellfish industries, to figure out how to fight adult and juvenile crabs.

"The smaller crabs are eating very high amounts of juvenile Pacific oysters relative to their size," Kraft said. "We need to find solutions to reduce their impact along the coast as much as possible."
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The origins of language | ScienceDaily
Chimpanzees are capable of complex communication: The human capacity for language may not be as unique as previously thought. Chimpanzees have a complex communication system that allows them to combine calls to create new meanings, similar to human language. Combining calls creatively: Chimpanzees use four ways to change meaning when combining single calls into two-call combinations, including compositional and non-compositional combinations, and they use a large variety of call combinations in a wide range of contexts.


						
Humans are the only species on earth known to use language. They do this by combining sounds into words and words into sentences, creating infinite meanings. This process is based on linguistic rules that define how the meaning of calls is understood in different sentence structures. For example, the word "ape" can be combined with other words to form compositional sentences that add meaning: "the ape eats" or append meaning: "big ape," and non-compositional idiomatic sentences that create a completely new meaning: "go ape." A key component of language is syntax, which determines how the order of words affects meaning, for instance how "go ape" and "ape goes" convey different meanings.

One fundamental question in science is to understand where this extraordinary capacity for language originates from. Researchers often use the comparative approach to trace the evolutionary origins of human language by comparing the vocal production of other animals, particularly primates, with that of humans. Unlike humans, other primates typically rely on single calls (referred to as call types), and while some species combine calls, these combinations are only a few per species and mostly serve to alert others to the presence of predators. This suggests that their communication systems may be too restricted to be a precursor to the complex, open-ended combinatorial system that is human language. However, we may not have a full picture of the linguistic capacities of our closest living relatives, particularly how they might use call combinations to significantly expand their meaning.

Studying the meaning of chimpanzee vocalisations

Researchers from the Max Planck Institutes for Evolutionary Anthropology and for Cognitive and Brain Sciences in Leipzig, Germany, and from the Cognitive Neuroscience Center Marc Jeannerod (CNRS/Universite Claude Bernard Lyon 1) and Neuroscience Research Center (CNRS/Inserm/Universite Claude Bernard Lyon 1) in Lyon, France recorded thousands of vocalisations from three groups of wild chimpanzees in the Tai National Park in Ivory Coast. They examined how the meanings of 12 different chimpanzee calls changed when they were combined into two-call combinations. "Generating new or combined meanings by combining words is a hallmark of human language, and it is crucial to investigate whether a similar capacity exists in our closest living relatives, chimpanzees and bonobos, in order to decipher the origins of human language," says Catherine Crockford, senior author of the study. "Recording chimpanzee vocalisations over several years in their natural environment is essential in order to document their full communicative capabilities, a task that is becoming increasingly challenging due to growing human threats to wild chimpanzee populations," says Roman Wittig, co-author of the study and director of the Tai Chimpanzee Project.

Chimpanzees' complex communication system

The study reveals four ways in which chimpanzees alter meanings when combining single calls into 16 different two-call combinations, analogous to the key linguistic principles in human language. Chimpanzees used compositional combinations that added meaning (e.g., A = feeding, B = resting, AB = feeding + resting) and clarified meaning (e.g., A = feeding or travelling, B = aggression, AB = travelling). They also used non-compositional idiomatic combinations that created entirely new meanings (e.g., A = resting, B = affiliation, AB = nesting). Crucially, unlike previous studies which have mostly reported call combinations in limited situations such as predator encounters, the chimpanzees in this study expanded their meanings through the versatile combination of most of their single calls into a large diversity of call combinations used in a wide range of contexts.

"Our findings suggest a highly generative vocal communication system, unprecedented in the animal kingdom, which echoes recent findings in bonobos suggesting that complex combinatorial capacities were already present in the common ancestor of humans and these two great ape species," says Cedric Girard-Buttoz, first author on the study. He adds: "This changes the views of the last century which considered communication in the great apes to be fixed and linked to emotional states, and therefore unable to tell us anything about the evolution of language. Instead, we see clear indications here that most call types in the repertoire can shift or combine their meaning when combined with other call types. The complexity of this system suggests either that there is indeed something special about hominid communication -- that complex communication was already emerging in our last common ancestor, shared with our closest living relatives -- or that we have underestimated the complexity of communication in other animals as well, which requires further study."
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First fossil evidence of endangered tropical tree discovered | ScienceDaily
For the first time, scientists have discovered fossil evidence of an endangered, living tropical tree species. The unprecedented find was made in Brunei, a country on the large island of Borneo, and reveals a critical piece of the ancient history of Asia's rainforests, highlighting the urgent need for conservation in the region, according to researchers at Penn State who led the discovery.


						
The research team published their findings in the American Journal of Botany.

The fossils, at least two million years old, represent the first direct evidence of an endangered tropical tree species in the fossil record. The research study, conducted in collaboration with the University of Brunei among other international partners, identified fossilized leaves of Dryobalanops rappa, known locally as the Kapur Paya. It is a towering dipterocarp tree that still exists today but is endangered and found in the carbon-rich peatlands of Borneo, including Brunei.

"This discovery provides a rare window into the ancient history of Asia's wet tropical forests," said Tengxiang Wang, a doctoral student in the College of Earth and Mineral Sciences at Penn State and lead author on the paper. "We now have fossil proof that this magnificent tree species has been a dominant part of Borneo's forests for millions of years, emphasizing its ecological importance and the need to protect its remaining habitats."

Until now, the fossil record of Asia's wet tropical forests has been surprisingly scarce compared to the Amazon and Africa, said Peter Wilf, professor of geosciences at Penn State and co-author.

The team identified the fossils by analyzing microscopic features of the preserved leaf cuticles, which revealed a perfect match with modern Dryobalanops rappa, down to the last cellular detail.

"Our findings highlight that these forests are not just rich in biodiversity today but have been home to iconic tree species for millions of years," Wang said. "Conserving them is not only about protecting present-day species but also about preserving a legacy of ecological resilience that has withstood millions of years."

Dipterocarps, the dominant tree family in Asia's rainforests, are critical for carbon storage and biodiversity. However, the researchers said, they are increasingly threatened by deforestation and habitat destruction. By revealing the deep historical roots of these trees, this discovery adds an important new perspective to conservation efforts.




"The findings add a new dimension to conservation; we are not only protecting modern species but ancient survivors that have been key components of their unique ecosystems for millions of years," Wang said. "This historical perspective makes both the endangered trees and their habitats even more valuable for conservation. Our study also shows how fossil evidence can strengthen conservation strategies for threatened species and ecosystems based on their historical significance."

Understanding the history of tropical forests is essential for their conservation, especially as many key species face rapid decline, Wilf said.

"Penn State's paleobotany group is making exciting fossil discoveries with our international partners in several Southeast Asian countries, illuminating the poorly known history of the region's magnificent and severely threatened tropical forests," Wilf said. "Our finding fossils of living, endangered, giant tree species provides a vital historical foundation for conserving tropical Asia's keystone trees, the rapidly disappearing dipterocarps."

Two collaborators on the paper are Penn State alumni: Michael Donovan, The Field Museum; and Xiaoyu Zou, University of California San Diego. Additionally, collaborators from other institutions include Antonino Briguglio, Universita degli Studi di Genova; Laszlo Kocsis, University of Lausanne; and Ferry Silk, Universiti Brunei Darussalam.

The research was supported by the U.S. National Science Foundation, Universiti Brunei Darussalam research grants and a Penn State Institute of Energy and the Environment seed grant.
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Ultrasound unlocks a safer, greener way to make hydrogels | ScienceDaily
Researchers at McGill University, in collaboration with Polytechnique Montreal, pioneered a new way to create hydrogels using ultrasound, eliminating the need for toxic chemical initiators. This breakthrough offers a faster, cleaner and more sustainable approach to hydrogel fabrication, and produces hydrogels that are stronger, more flexible and highly resistant to freezing and dehydration. The new method also promises to facilitate advances in tissue engineering, bioadhesives and 3D bioprinting.


						
Hydrogels are gels composed of polymers that can absorb and retain large amounts of water. They are widely used in wound dressings, drug delivery, tissue engineering, soft robotics, soft contact lenses and more.

Gel formation within minutes

Traditional hydrogel manufacturing relies on chemical initiators, some of which can be harmful, particularly in medical applications. Initiators are the chemicals used to trigger chemical chain reactions. The McGill research team, led by Mechanical Engineering Professor Jianyu Li, has developed an alternative method using ultrasound. When applied to a liquid precursor, sound waves create microscopic bubbles that collapse with immense energy, triggering gel formation within minutes.

"The problem we aimed to solve was the reliance on toxic chemical initiators," said Li. "Our method eliminates these substances, making the process safer for the body and better for the environment."

This ultrasound-driven technique is dubbed "sonogel."

"Typical hydrogel synthesis can take hours or even overnight under UV light," said Li. "With ultrasound, it happens in just five minutes."

Revolutionizing biomedical applications




One of the most exciting possibilities for this technology is in non-invasive medical treatments. Because ultrasound waves can penetrate deep into tissues, this method could enable in-body hydrogel formation without surgery.

"Imagine injecting a liquid precursor and using ultrasound to solidify it precisely where needed," said Li. "This could be a game-changer for treating tissue damage and regenerative medicine. Further refinement, we can unlock new possibilities for safer, greener material production."

The technique also opens the door to ultrasound-based 3D bioprinting. Instead of relying on light or heat, researchers could use sound waves to precisely "print" hydrogel structures.

"By leveraging high-intensity focused ultrasound, we can shape and build hydrogels with remarkable precision," said Jean Provost, one of co-authors of the study and assistant professor of engineering physics at Polytechnique Montreal.
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Antibiotics from human use are contaminating rivers worldwide, study shows | ScienceDaily
Millions of kilometres of rivers around the world are carrying antibiotic pollution at levels high enough to promote drug resistance and harm aquatic life, a McGill University-led study warns.


						
Published in PNAS Nexus, the study is the first to estimate the scale of global river contamination from human antibiotics use. Researchers calculated that about 8,500 tonnes of antibiotics -- nearly one-third of what people consume annually -- end up in river systems around the world each year even after in many cases passing through wastewater systems.

"While the amounts of residues from individual antibiotics translate into only very small concentrations in most rivers, which makes them very difficult to detect, the chronic and cumulative environmental exposure to these substances can still pose a risk to human health and aquatic ecosystems," said Heloisa Ehalt Macedo, a postdoctoral fellow in geography at McGill and lead author of the study.

The research team used a global model validated by field data from nearly 900 river locations. They found that amoxicillin, the world's most-used antibiotic, is the most likely to be present at risky levels, especially in Southeast Asia, where rising use and limited wastewater treatment amplify the problem.

"This study is not intended to warn about the use of antibiotics -- we need antibiotics for global health treatments -- but our results indicate that there may be unintended effects on aquatic environments and antibiotic resistance, which calls for mitigation and management strategies to avoid or reduce their implications," said Bernhard Lehner, a professor in global hydrology in McGill's Department of Geography and co-author of the study.

The findings are especially notable because the study did not consider antibiotics from livestock or pharmaceutical factories, both of which are major contributors to environmental contamination.

"Our results show that antibiotic pollution in rivers arising from human consumption alone is a critical issue, which would likely be exacerbated by veterinarian or industry sources of related compounds" said Jim Nicell, an environmental engineering professor at McGill and co-author of the study. "Monitoring programs to detect antibiotic or other chemical contamination of waterways are therefore needed, especially in areas that our model predicts to be at risk."
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A more realistic look at DNA in action | ScienceDaily
By creating a more true-to-life representation of DNA's environment, researchers at Northwestern University have discovered that strand separation -- the essential process a "resting" double helix undergoes before it can initiate replication or make repairs -- may take more mechanical force than the field previously believed.


						
Most biochemistry labs that study DNA isolate it within a water-based solution that allows scientists to manipulate DNA without interacting with other molecules. They also tend to use heat to separate strands, heating the DNA to over 150 degrees Fahrenheit, a temperature a cell would never naturally reach. By contrast, in a living cell DNA lives in a very crowded environment, and special proteins attach to DNA to mechanically unwind the double helix and then pry it apart.

"The interior of the cell is super crowded with molecules, and most biochemistry experiments are super uncrowded," said Northwestern professor John Marko. "You can think of extra molecules as billiard balls. They're pounding against the DNA double helix and keeping it from opening."

Marko, a professor of molecular biosciences as well as physics in Northwestern's Weinberg College of Arts and Sciences, led the research along with Northwestern post-doctoral researcher Parth Desai. In Marko's lab, for their experiments, he and Desai use microscopic magnetic tweezers to separate DNA and then carefully attach strands of it to surfaces on one end, and tiny magnetic particles on the other, then conduct high-tech imaging. The technology has been around for 25 years, and Marko was one of the first researchers theorizing about and then using it.

Marko and Desai wrote the paper that not only identifies but quantifies the amount of stress imposed by crowding, that will be published on June 17 in the Biophysical Journal.

Desai introduced three types of molecules to the solution holding DNA to mimic proteins and investigated interactions among glycerol, ethylene glycol and polyethylene glycol (each approximately the size of one DNA double helix, two or three nanometers).

"We wanted to have a wide variety of molecules where some cause dehydration, destabilizing DNA mechanically, and then others that stabilize DNA," Desai said. "It's not exactly analogous to things found in cells, but you could imagine that other competing proteins in cells will have a similar effect. If they're competing for water, for instance, they would dehydrate DNA, and if they're not competing for water, they would crowd the DNA and have this entropic effect."

While fundamental, research like this has "been the basis for many, many, many medical advances," Marko said, such as deep sequencing of DNA, where scientists can now sequence an entire human genome in under a day. He also thinks their findings may be broadly applicable to other elements of fundamental biochemical processes.




"If this affects DNA strand separation, all protein interactions with DNA are also going to be affected," Marko said. "For example, the tendency for proteins to stick to specific sites on DNA and to control specific processes -- this is also going to be altered by crowding."

In addition to running more experiments that incorporate multiple crowding agents, the team hopes to move closer to a true representation of a cell, and from there, study how interactions between enzymes and DNA are impacted by crowding.

This work was supported by the National Institutes of Health (grant R01-GM105847) and by subcontract to the University of Massachusetts Center for 3D Structure and Physics of the Genome (under NIH grant UM1-HG011536).
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Novel, needle-free, live-attenuated influenza vaccines with broad protection against human and avian virus subtypes | ScienceDaily
A research team led by the School of Public Health in the LKS Faculty of Medicine, the University of Hong Kong (HKUMed), in collaboration with the Centre for Immunology & Infection (C2i), has achieved a significant breakthrough in developing broadly protective, live-attenuated influenza vaccines (LAIV). These innovative LAIV platforms offer potential to develop universal influenza vaccines that induce a more robust immune response against various virus subtypes, including both human and avian strains. These achievements have resulted in multiple patents and impressive accolades at the 50th International Exhibition of Inventions Geneva 2025, including the Saudi Innovation Excellence Prize and two Gold Medals, one of which came with Congratulations of the Jury.


						
Influenza remains a major respiratory disease, which places a heavy burden on healthcare systems worldwide. Vaccination is the most efficient way to prevent and control influenza. Current seasonal influenza vaccines, however, protect primarily against three selected strains and require annual updates. Their efficacy can significantly decline if the circulating viruses do not match the strains chosen each year for each hemisphere. Moreover, these vaccines fail to guard against human infections caused by animal influenza viruses, such as avian strains, which pose a potential global pandemic threat. The World Health Organization (WHO) has underscored the urgent need for a new generation of universal influenza vaccines.

The research team developed two innovative approaches to create next-generation LAIVs. The first strategy involved inserting a human a-1,3-galactosyltransferase gene into the genome of a human influenza virus. This modification prompts infected host cells to express the a-Gal epitopes on their surface. Since humans naturally produce anti-a-Gal antibodies, this can allow preexisting antibody to recognise cells infected by the vaccine, thereby enhancing vaccine induced immune responses, including antibody-mediated cytotoxicity, opsonisation and phagocytosis. The research data showed that the vaccine is attenuated and is not pathogenic in mouse models. In experiments, vaccinated mice showed strong innate and adaptive immune responses, including antibody and T-cell responses. These immune responses conferred broad protection against various influenza A virus subtypes, including human H1N1 and H3N2, and avian H5N1 strains.

The second approach to developing next-generation LAIVs involved introducing hundreds of silent mutations to a human influenza virus, shifting its codon usage from that of a human influenza virus to that of an avian influenza virus-like pattern. This shift resulted in the attenuation of the virus in mammalian cells, making it safe for use as an LAIV. Additionally, the mutant virus replicated perfectly in chicken eggs, which is crucial for current effective vaccine manufacturing processes. With this approach, the viral protein expression of the LAIV remained identical to the original wildtype virus, providing a robust immune response against the viruses. The research team successfully generated several attenuated viruses with different human influenza virus backbones, including H1N1 and H3N2. The results of in vitro and in vivo experiments confirmed that these viruses were attenuated in mammalian hosts. They can thus be used as LAIVs to protect vaccinated mice from different subtypes of influenza A virus infection, including the human H1N1 and H3N2 viruses, as well as the avian H5N1 and H7N9 influenza viruses.

The development of these two award-winning LAIVs represents a significant advancement in the quest for broadly protective and efficient influenza vaccines. This new generation of LAIVs can both protect humans from seasonal influenza viruses and address the threat posed by emerging viruses, like avian influenza viruses. 'The advantages of LAIVs lie in their intranasal administration, which has been shown to induce mucosal immune responses along the respiratory tract, providing additional protection against infection,' highlighted Professor Leo Poon Lit-man, Chair Professor of Public Health Virology and Head of the Division of Public Health Laboratory Sciences, School of Public Health, HKUMed. 'This needle-free delivery method alleviates the fear of vaccination, particularly in young children, so it will help mitigate vaccine hesitancy.'

These scientific breakthroughs represent a promising step towards a future in which influenza vaccines can offer comprehensive protection against a wide array of viral threats. Moving forward, the research team will leverage the international platform of the Hong Kong Jockey Club Global Health Institute (HKJCGHI) for further development, ensuring continued progress and making a global impact in this vital area.

'Both HKUMed and the International Vaccine Institute (IVI), one of the collaborators of the HKJCGHI, have initiated discussions and contributed intellectual input towards the vaccine development', remarked Professor Leo Poon Lit-man, who is also the Co-Director of HKJCGHI. 'It is anticipated that in the near future, further studies, including research work adhering to Good Laboratory Practice (GLP) standards, will be conducted through the resources of the Institute.'

The research projects were led by Professor Leo Poon Lit-man, Daniel C K Yu Professor in Virology, Chair Professor of Public Health Virology and Head of the Division of Public Health Laboratory Sciences, School of Public Health, HKUMed; the Managing Director and Lead Scientist of the Centre for Immunology & Infection (C2i); the Co-Director of the Hong Kong Jockey Club Global Health Institute (HKJCGHI); and the Co-Director of the HKU-Pasteur Research Pole, HKUMed. Other members included Dr Alex Chin Wing-hong, School of Public Health, HKUMed; and the Centre for Immunology & Infection (C2i).
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        Tech meets tornado recovery
        Traditional methods of assessing damage after a disaster can take weeks or even months, delaying emergency response, insurance claims and long-term rebuilding efforts. New research might change that. Researchers have developed a new method that combines remote sensing, deep learning and restoration models to speed up building damage assessments and predict recovery times after a tornado. Once post-event images are available, the model can produce damage assessments and recovery forecasts in less ...

      

      
        How we think about protecting data
        A new game-based experiment sheds light on the tradeoffs people are willing to make about data privacy.

      

      
        The key to spotting dyslexia early could be AI-powered handwriting analysis
        A new study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.

      

      
        New global model shows how to bring environmental pressures back to 2015 levels by 2050
        A new study finds that with bold and coordinated policy choices -- across emissions, diets, food waste, and water and nitrogen efficiency -- humanity could, by 2050, bring global environmental pressures back to levels seen in 2015. This shift would move us much closer to a future in which people around the world can live well within the Earth's limits.

      

      
        Recognition from colleagues helps employees cope with bad work experiences
        Being appreciated by colleagues can help employees cope with negative experiences at work, according to a new study. Researchers found that employees experience 'embitterment' -- an emotional response to perceived workplace injustice -- on days when they are assigned more unreasonable tasks than usual. This negative emotion not only affects their work but also spills over into their personal lives, leading to an increase in rumination, the repetitive dwelling on negative feelings and their causes...

      

      
        Olympic anti-doping lab puts U.S. meat supply to the test
        Scientists turned their sophisticated analytical capabilities for testing athlete samples for performance-enhancing drugs to research examining the U.S. meat supply. The study was designed to investigate concerns that residues of growth promoters used in meat production could potentially cause athletes to test positive.

      

      
        Addressing hearing loss may reduce isolation among the elderly
        Providing hearing aids and advice on their use may preserve social connections that often wane as we age, a new study shows. Its authors say that this approach could help ease the loneliness epidemic that older Americans face.

      

      
        A small bicycle handlebar sensor can help map a region's riskiest bike routes
        Researchers have developed a system, called ProxiCycle, that logs when a passing car comes too close to a cyclist (four feet or less). A small, inexpensive sensor plugs into bicycle handlebars and tracks the passes, sending them to the rider's phone. The team tested the system for two months with 15 cyclists in Seattle and found a significant correlation between the locations of close passes and other indicators of poor safety, such as collisions.

      

      
        Metals and hormone-disrupting substances pose real threat to sustainable agriculture and water management in Europe
        Metals and hormone-disrupting substances such as estrogens present a genuine risk to the sustainability of agriculture and water management in Europe. This research provides new insights into the distribution, availability, and risks associated with these pollutants, while also highlighting shortcomings in current regulations.

      

      
        Studies point to redlining as a 'perfect storm' for breast cancer
        New research indicates that while the residential segregation policy was outlawed decades ago, it still impacts women's health today.

      

      
        Mercury levels in the atmosphere have decreased throughout the 21st century
        Mercury is released by environmental and human-driven processes. And some forms, specifically methylmercury, are toxic to humans. Therefore, policies and regulations to limit mercury emissions have been implemented across the globe. And, according to new research, those efforts may be working. Researchers found that atmospheric mercury levels have decreased by almost 70% in the last 20 years, mainly because human-caused emissions have been reduced.

      

      
        Researchers develop practical solution to reduce emissions and improve air quality from brick manufacturing in Bangladesh
        A new study analyzes the results of a randomized controlled trial (RCT) that showed that brick kiln owners in Bangladesh are willing and able to implement cleaner and more efficient business practices within their operations -- without legal enforcement -- if they receive the proper training and support, and if those changes are aligned with their profit motives. The study is the first to rigorously demonstrate successful strategies to improve efficiency within the traditional brick kiln industry...
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Tech meets tornado recovery | ScienceDaily
It started as a low, haunting roar building in the distance. It grew into a deafening thunder that drowned out all else. The sky turned an unnatural shade of green, then black. The wind lashed at trees and buildings with brutal force. Sirens wailed. Windows and buildings exploded.


						
In spring 2011, Joplin, Missouri, was devastated by an EF5 tornado with estimated winds exceeding 200 mph. The storm caused 161 fatalities, injured over 1,000 people, and damaged and destroyed around 8,000 homes and businesses. The tornado carved a mile-wide path through the densely populated south-central area of the city, leaving behind miles of splintered rubble and causing over $2 billion in damage.

The powerful winds of tornadoes often surpass the design limits of most residential and commercial buildings. Traditional methods of assessing damage after a disaster can take weeks or even months, delaying emergency response, insurance claims and long-term rebuilding efforts.

New research from Texas A&M University might change that. Led by Dr. Maria Koliou, associate professor and Zachry Career Development Professor II in the Zachry Department of Civil and Environmental Engineering at Texas A&M, researchers have developed a new method that combines remote sensing, deep learning and restoration models to speed up building damage assessments and predict recovery times after a tornado. Once post-event images are available, the model can produce damage assessments and recovery forecasts in less than an hour.

The researchers published their model in Sustainable Cities and Society. 

"Manual field inspections are labor-intensive and time-consuming, often delaying critical response efforts," said Abdullah Braik, coauthor and a civil engineering doctoral student at Texas A&M. "Our method uses high-resolution sensing imagery and deep learning algorithms to generate damage assessments within hours, immediately providing first responders and policymakers with actionable intelligence."

The model does more than assess damage -- it also helps predict repair costs and estimate recovery times. Researchers can assess these timelines and costs in different situations by combining deep learning technology, a type of artificial intelligence, with advanced recovery models.




"We aim to provide decision-makers with near-instantaneous damage assessment and probabilistic recovery forecasts, ensuring that resources are allocated efficiently and equitably, particularly for the most vulnerable communities," Braik said. "This enables proactive decision-making in the aftermath of a disaster."

How It Works

Researchers combined three tools to create the model: remote sensing, deep learning and restoration modeling.

Remote sensing uses high-resolution satellite or aerial images from sources such as NOAA to show the extent of damage across large areas.

"These images are crucial because they offer a macro-scale view of the affected area, allowing for rapid, large-scale damage detection," Braik said.

Deep learning automatically analyzes these images to identify the severity of the damage accurately. The AI is trained before disasters by analyzing thousands of images of past events, learning to recognize visible signs of damage such as collapsed roofs, missing walls and scattered debris. The model then classifies each building into categories such as no damage, moderate damage, major damage, or destroyed.




Restoration modeling uses past recovery data, building and infrastructure details and community factors -- like income levels or access to resources -- to estimate how long it might take for homes and neighborhoods to recover under different funding or policy conditions.

When these three tools are combined, the model can quickly assess the damage and predict short- and long-term recovery timelines for communities affected by disasters.

"Ultimately, this research bridges the gap between rapid disaster assessment and strategic long-term recovery planning, offering a risk-informed yet practical framework for enhancing post-tornado resilience," Braik said.

Testing The Model

Koliou and Braik used data from the 2011 Joplin tornado to test their model due to its massive size, intensity and availability of high-quality post-disaster information. The tornado destroyed thousands of buildings, creating a diverse dataset that allowed the model to be trained and tested across various levels of structural damage. Detailed ground-level damage assessments provided a reliable benchmark to check how accurately the model could classify the severity of the damage.

"One of the most interesting findings was that, in addition to detecting damage with high accuracy, we could also estimate the tornado's track," Braik said. "By analyzing the damage data, we could reconstruct the tornado's path, which closely matched the historical records, offering valuable information about the event itself."

Future Directions

Researchers are working on using this model for other types of disasters, such as hurricanes and earthquakes, as long as satellites can detect damage patterns.

"The key to the model's generalizability lies in training it to use past images from specific hazards, allowing it to learn the unique damage patterns associated with each event," Braik said. "We have already tested the model on hurricane data, and the results have shown promising potential for adapting to other hazards."

The research team believes their model could be critical in future disaster response, helping communities recover faster and more efficiently. The team wants to extend the model beyond damage assessment to include real-time updates on recovery progress and tracking recovery over time.

"This will allow for more dynamic and informed decision-making as communities rebuild," he said. "We aim to create a reliable tool that enhances disaster management efficiency and supports quicker recovery efforts."

The technology has the potential to transform how emergency officials, insurers and policymakers respond in the crucial hours and days after a storm by delivering near-instant assessments and recovery projections.

Funding for this research was provided by the National Science Foundation.
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How we think about protecting data | ScienceDaily
How should personal data be protected? What are the best uses of it? In our networked world, questions about data privacy are ubiquitous and matter for companies, policymakers, and the public.


						
A new study by MIT researchers adds depth to the subject by suggesting that people's views about privacy are not firmly fixed and can shift significantly, based on different circumstances and different uses of data.

"There is no absolute value in privacy," says Fabio Duarte, principal research scientist in MIT's Senseable City Lab and co-author of a new paper outlining the results. "Depending on the application, people might feel use of their data is more or less invasive."

The study is based on an experiment the researchers conducted in multiple countries using a newly developed game that elicits public valuations of data privacy relating to different topics and domains of life.

"We show that values attributed to data are combinatorial, situational, transactional, and contextual," the researchers write.

The paper, "Data Slots: tradeoffs between privacy concerns and benefits of data-driven solutions," is published in Nature: Humanities and Social Sciences Communications. The authors are Martina Mazzarello, a postdoc in the Senseable City Lab; Duarte; Simone Mora, a research scientist at Senseable City Lab; Cate Heine PhD '24 of University College London; and Carlo Ratti, director of the Senseable City Lab.

The study is based around a card game with poker-type chips the researchers created to study the issue, called Data Slots. In it, players hold hands of cards with 12 types of data -- such as a personal profile, health data, vehicle location information, and more -- that relate to three types of domains where data are collected: home life, work, and public spaces. After exchanging cards, the players generate ideas for data uses, then assess and invest in some of those concepts. The game has been played in-person in 18 different countries, with people from another 74 countries playing it online; over 2,000 individual player-rounds were included in the study.




The point behind the game is to examine the valuations that members of the public themselves generate about data privacy. Some research on the subject involves surveys with pre-set options that respondents choose from. But in Data Slots, the players themselves generate valuations for a wide range of data-use scenarios, allowing the researchers to estimate the relative weight people place on privacy in different situations.

The idea is "to let people themselves come up with their own ideas and assess the benefits and privacy concerns of their peers' ideas, in a participatory way," Ratti explains.

The game strongly suggests that people's ideas about data privacy are malleable, although the results do indicate some tendencies. The data privacy card whose use players most highly valued was for personal mobility; given the opportunity in the game to keep it or exchange it, players retained it in their hands 43 percent of the time, an indicator of its value. That was followed in order by personal health data, and utility use. (With apologies to pet owners, the type of data privacy card players held on to the least, about 10 percent of the time, involved animal health.)

However, the game distinctly suggests that the value of privacy is highly contingent on specific use-cases. The game shows that people care about health data to a substantial extent but also value the use of environmental data in the workplace, for instance. And the players of Data Slots also seem less concerned about data privacy when use of data is combined with clear benefits. In combination, that suggests a deal to be cut: Using health data can help people understand the effects of the workplace on wellness.

"Even in terms of health data in work spaces, if they are used in an aggregated way to improve the workspace, for some people it's worth combining personal health data with environmental data," Mora says.

Mazzarello adds: "Now perhaps the company can make some interventions to improve overall health. It might be invasive, but you might get some benefits back."

In the bigger picture, the researchers suggest, taking a more flexible, user-driven approach to understanding what people think about data privacy can help inform better data policy. Cities -- the core focus on the Senseable City Lab -- often face such scenarios. City governments can collect a lot of aggregate traffic data, for instance, but public input can help determine how anonymized such data should be. Understanding public opinion along with the benefits of data use can produce viable policies for local officials to pursue.

"The bottom line is that if cities disclose what they plan to do with data, and if they involve resident stakeholders to come up with their own ideas about what they could do, that would be beneficial to us," Duarte says. "And in those scenarios, people's privacy concerns start to decrease a lot."
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The key to spotting dyslexia early could be AI-powered handwriting analysis | ScienceDaily
A new University at Buffalo-led study outlines how artificial intelligence-powered handwriting analysis may serve as an early detection tool for dyslexia and dysgraphia among young children.


						
The work, presented in the journal SN Computer Science, aims to augment current screening tools which are effective but can be costly, time-consuming and focus on only one condition at a time.

It could eventually be a salve for the nationwide shortage of speech-language pathologists and occupational therapists, who each play a key role in diagnosing dyslexia and dysgraphia.

"Catching these neurodevelopmental disorders early is critically important to ensuring that children receive the help they need before it negatively impacts their learning and socio-emotional development. Our ultimate goal is to streamline and improve early screening for dyslexia and dysgraphia, and make these tools more widely available, especially in underserved areas," says the study's corresponding author Venu Govindaraju, PhD, SUNY Distinguished Professor in the Department of Computer Science and Engineering at UB.

The work is part of the National AI Institute for Exceptional Education, which is a UB-led research organization that develops AI systems that identify and assist young children with speech and language processing disorders.

Builds upon previous handwriting recognition work

Decades ago, Govindaraju and colleagues did groundbreaking work employing machine learning, natural language processing and other forms of AI to analyze handwriting, an advancement the U.S. Postal Service and other organizations still use to automate the sorting of mail.




The new study proposes similar a framework and methodologies to identify spelling issues, poor letter formation, writing organization problems and other indicators of dyslexia and dysgraphia.

It aims to build upon prior research, which has focused more on using AI to detect dysgraphia (the less common of the two conditions) because it causes physical differences that are easily observable in a child's handwriting. Dyslexia is more difficult to spot this way because it focuses more on reading and speech, though certain behaviors like spelling offers clues.

The study also notes there is a shortage of handwriting examples from children to train AI models with.

Collecting samples from K-5 students

To address these challenges, a team of UB computer scientists led by Govindaraju gathered insight from teachers, speech-language pathologists and occupational therapists to help ensure the AI models they're developing are viable in the classroom and other settings.

"It is critically important to examine these issues, and build AI-enhanced tools, from the end users' standpoint," says study co-author Sahana Rangasrinivasan, a PhD student in UB's Department of Computer Science and Engineering.




The team also partnered with study co-author Abbie Olszewski, PhD, associate professor in literacy studies at the University of Nevada, Reno, who co-developed the Dysgraphia and Dyslexia Behavioral Indicator Checklist (DDBIC) to identify symptoms overlapping between dyslexia and dysgraphia.

The team collected paper and tablet writing samples from kindergarten through 5th grade students at an elementary school in Reno. This part of the study was approved by an ethics board, and the data was anonymized to protect student privacy.

They will use this data to further validate the DDBIC tool, which focuses on 17 behavioral cues that occur before, during and after writing; train AI models to complete the DDBIC screening process; and compare how effective the models are compared to people administering the test.

Work emphasizes AI for public good

The study describes how the team's models can be used to:
    	Detect motor difficulties by analyzing writing speed, pressure and pen movements.
    	Examine visual aspects of handwriting, including letter size and spacing.
    	Convert handwriting to text, spotting misspellings, letter reversals and other errors.
    	Identify deeper cognitive issues based on grammar, vocabulary and other factors.

Finally, it discusses a tool that combines all these models, summarizes their findings, and provides a comprehensive assessment.

"This work, which is ongoing, shows how AI can be used for the public good, providing tools and services to people who need it most," says study co-author Sumi Suresh, PhD, a visiting scholar at UB.

Additional co-authors include Bharat Jayarman, PhD, director of the Amrita Institute of Advanced Research and professor emeritus in the UB Department of Computer Science and Engineering; and Srirangaraj Setlur, principal research scientist at the UB Center for Unified Biometrics and Sensors.
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New global model shows how to bring environmental pressures back to 2015 levels by 2050 | ScienceDaily

The planetary boundaries framework, first introduced by an international team of scientists in 2009, defines nine critical Earth system processes that maintain the conditions under which human societies have flourished for the past 10,000 years. Crossing these boundaries increases the risk of destabilising the Earth system, pushing it into a much less hospitable state. To date, scientists estimate that six of these nine boundaries have already been crossed -- those related to climate change, biosphere integrity, freshwater availability, land use, nutrient pollution and novel entities.

Coming back from the brink

This new study for the first time shifts focus to the future, exploring whether ambitious but technically feasible policies could change our trajectory. "This is the first time we've used a forward-looking global model to ask: how do things develop if we continue like this? Can we still avoid transgressing or come back from transgressing these boundaries? And if so, what would it take?" says Van Vuuren.

To answer these questions, the Planetary Boundaries framework was coupled to a comprehensive Integrated Assessment Model -- Integrated Model to Assess the Global Environment (IMAGE) -- which describes future human development and the possible impacts on the global environment. The model projected outcomes for eight of the nine planetary boundaries under different future scenarios, including those with strong environmental policy action.

Critical systems like climate and biodiversity are already outside safe limits, with most exceeding even the high-risk thresholds, indicating a looming multi-crisis scenario. Using projections for 2030, 2050, and 2100, the study shows that under current trends, all planetary boundaries except for ozone depletion are expected to be breached by 2050. "If we continue down pathways focused on national or local interests, things could deteriorate even further, emphasising the need for coordinated global action," says Van Vuuren.

Five key measures to bend the curve

The researchers identify five measures that together could significantly reduce environmental transgression:
    	    


Climate mitigation: Achieving the 1.5degC Paris Agreement target through aggressive reduction of greenhouse gas emissions
    
    	    Food-consumption change: A widespread shift to diets that are both healthy and good for the environment, as defined by the EAT-Lancet Commission, reaching 80% global uptake by 2050
    
    	    Reduction of food waste: Halving global food waste by reducing losses in supply chains and overconsumption
    
    	    Improved water-use efficiency: Reducing water withdrawal for energy, households, and industry by 20%, and for irrigation by 30%, to ensure environmental sustainability
    
    	    Improved nitrogen-use efficiency: Increasing nutrient-use efficiency to 70-80% in agriculture by 2050, up from 50% today
    

Combined, these measures could return the pressure on our planet to roughly that of 2015 -- a marked improvement over business-as-usual projections and a crucial step toward ensuring long-term human wellbeing while staying within the Earth's limits.




Strong action needed

The study also shows it is possible to bring some of the planet's systems back into the "safe zone" by 2050 if strong policies are put in place. However, for other systems, even the most ambitious efforts may not be enough by then, and we would still be exceeding safe limits. "To ensure a livable planet in the long run, even stronger actions will be needed beyond 2050," says Van Vuuren.

The authors caution that the assumptions behind these scenarios are ambitious. "Systems are slow to change and we're modelling near-universal shifts -- like widespread dietary changes -- which may be overly optimistic given current global trends," they note.

"Nonetheless, the message is clear. We can still bend the curve," says Van Vuuren. "While we can't fully avoid all overshoot, we can come much closer to living within planetary boundaries. That makes a big difference." In other words, he adds, "The planet is seriously ill, but it's certainly not terminal yet."
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Recognition from colleagues helps employees cope with bad work experiences | ScienceDaily
Being appreciated by colleagues can help employees cope with negative experiences at work, according to a new study involving the University of East Anglia (UEA).


						
Researchers found that employees experience 'embitterment' -- an emotional response to perceived workplace injustice -- on days when they are assigned more unreasonable tasks than usual.

This negative emotion not only affects their work but also spills over into their personal lives, leading to an increase in rumination, the repetitive dwelling on negative feelings and their causes. This can result in difficulty detaching from work, ultimately preventing recovery from job-related stress.

The findings also reveal that this harmful cycle takes place mainly on days when employees receive less appreciation from their colleagues than usual.

Published today in the journal Work & Stress, the study involved researchers from UEA, in the UK, the University of Cyprus, and Aristotle University of Thessaloniki, in Greece.

The authors say it emphasises the importance of workplace recognition in mitigating the emotional toll of perceived 'illegitimate' tasks that are considered as unnecessary and/or unreasonable, and how this can help protect employees' wellbeing.

Co-author George Michaelides, Professor of Work Psychology at UEA's Norwich Business School, said: "Our findings underscore how assigning unreasonable tasks can violate employees' sense of fairness and harm their emotional wellbeing. It also emphasises the crucial role of supervisors in minimising such tasks and prioritising core responsibilities.




"Additionally, fostering a culture of appreciation among colleagues can serve as a protective factor, helping employees cope with workplace stress. Organisations can support this by equipping employees with the skills to express gratitude effectively, creating a more positive and resilient work environment."

Lead author Dr Evie Michailidis, from the University of Cyprus, added: "The importance of appreciation for mitigating feelings of embitterment cannot be overstated. Without appreciation, unreasonable tasks foster feelings of embitterment that spill over into private lives, making it harder to mentally disconnect and recover after work."

The study highlights the dynamic nature of embitterment and suggests that unnecessary and unreasonable tasks are potential predictors of this emotion, which in turn can interfere with employees' ability to recover from work during their time off.

Most importantly, it allowed the team to test the boundary conditions under which these relationships are stronger or weaker.

Unnecessary tasks could be those employees believe perceive as pointless and lacking relevance to their role -- for example writing a report that no one will read -- undermining their sense of purpose and value in the workplace.

Unreasonable tasks are often those employees consider exceed their role, capabilities, or responsibilities -- such as asking a senior employee to perform a novice's work -- generating a sense of injustice because they might violate expectations of fairness and respect in the workplace.

Appreciation has been recognised as an important buffer to the effect of illegitimate tasks and the threat to professional identity an employee experiences when exposed to them. It refers to getting recognition for achievements and qualities by?significant others at work, such as supervisors or colleagues.

The team collected data from 71 employees using daily surveys over five working days. These surveys helped the researchers track individual's feelings of embitterment, the degree to which they had to engage with illegitimate tasks, how much appreciation they felt from their colleagues and supervisors, and how much they thought about work during their time off.

Participants worked in different industry sectors, with most in accounting and finance.
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Olympic anti-doping lab puts U.S. meat supply to the test | ScienceDaily
Scientists at UCLA's Olympic Analytical Laboratory turned their sophisticated analytical capabilities for testing athlete samples for performance-enhancing drugs to research examining the U.S. meat supply as part of a study led by Texas Tech. The study was designed to investigate concerns that residues of growth promoters used in meat production could potentially cause athletes to test positive.


						
The laboratory, which typically searches for prohibited substances in urine and blood samples from elite athletes, took part in a comprehensive year-long surveillance study funded by the Partnership for Clean Competition (PCC) examining beef, pork, and chicken purchased from retail outlets across eight U.S. cities.

Growth-promoting substances like ractopamine and trenbolone are legally used in U.S. livestock production to increase muscle growth and improve feed efficiency. While the European Union bans many of these compounds, U.S. regulations permit their controlled use in specific animals (particularly beef cattle), though suggested voluntary withdrawal periods for ractopamine before slaughter help ensure residue levels remain within established limits for safe human consumption. Some athletes have attributed positive anti-doping tests to contaminated meat from the U.S. food supply.

Researchers at the lab led by Elizabeth (Ellie) Ahrens, director of the UCLA Olympic Analytical Laboratory, employed the same analytical methods used in anti-doping efforts -- liquid chromatography with high-resolution mass spectrometry -- to screen meat samples for anabolic steroids and other growth-promoting agents that are prohibited in sports.

The study, led by Dr. Bradley J. Johnson at Texas Tech University, and in collaboration with the United States Anti-Doping Agency (USADA), found that while some beef samples contained detectable levels of substances like ractopamine, trenbolone, and estradiol, all measurements remained well below the maximum residue limits established by regulatory authorities such as the FDA. Pork and chicken samples showed minimal residues, with the vast majority testing entirely negative for prohibited substances.

"The findings suggest that positive tests resulting from meat consumption are highly unlikely when consumed in amounts consistent with typical daily diets," the researchers concluded in their report. "This study reinforces the effectiveness of current regulatory practices in limiting growth promoter residues in commercial meat." The project is ongoing to collect more samples, including examining imported meat into the U.S. from abroad.
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Addressing hearing loss may reduce isolation among the elderly | ScienceDaily
Providing hearing aids and advice on their use may preserve social connections that often wane as we age, a new study shows. Its authors say that this approach could help ease the loneliness epidemic that older Americans face.


						
According to the U.S. Centers for Disease Control and Prevention, more than a quarter of seniors say they have little or no contact with others, and a third report feeling lonely. Experts have linked such isolation in part to hearing loss, which can interfere with communication and relationship building. The 2023 U.S. Surgeon General's Advisory named improving social connection as great a priority as targeting tobacco use, obesity, and addiction.

Led by researchers at NYU Langone Health as part of the ACHIEVE clinical trial, the study revealed that those treated for hearing loss retained one additional social connection on average over a three-year period when compared with those who received no hearing therapies and were instead educated about healthy aging.

Publishing online May 12 in the journal JAMA Internal Medicine, the work further showed that those given hearing aids had more diverse relationships, with networks that had many different types of connections (e.g., family members, friends, and acquaintances). They also maintained deeper, higher quality bonds than those who were not treated for hearing loss.

"Our findings add to evidence that helping aging patients hear better can also enrich their social lives and boost their mental and physical well-being," said study lead author Nicholas Reed, AuD, PhD, a member of the NYU Grossman School of Medicine's Optimal Aging Institute.

Experts have linked both loneliness and hearing loss to depression, heart disease, and early death, among other concerns, adds Reed, also a faculty member in the Departments of Otolaryngology-Head and Neck Surgery and Population Health at NYU Grossman School of Medicine. A 2023 report on the ACHIEVE trial showed that hearing interventions may slow cognitive decline among those at highest risk for dementia.

"These results support efforts to incorporate hearing aid coverage into Medicare as a means of addressing the nation's social isolation epidemic, which is especially risky for the elderly," said ACHIEVE trial co-principal investigator Josef Coresh, MD, PhD. "Making sure Americans can continue engaging with their family and friends as they age is a critical part of maintaining their quality of life," added Coresh, also the Terry and Mel Karmazin Professor in the Department of Population Health.




For the study, the research team collected data about older adults with untreated hearing loss across four sites in Maryland, North Carolina, Minnesota, and Mississippi. The study is among the largest to date to explore if hearing care can help prevent weakening of social networks, having included nearly 1,000 men and women ages 70 through 84.

Half of the participants received hearing aids, counseling sessions and personalized instruction with an audiologist, and when needed, tools such as adaptors that connect hearing aids to televisions. The other half of the participants were given instruction about exercise, strategies for communicating with healthcare providers, and further resources for healthy aging.

To measure social isolation, the researchers assessed how regularly participants spent time with others, the size and variety of their social networks and the roles they played in them, and the depth of their connections. Loneliness was calculated using a 20-question scoring system that evaluates how often a person feels disconnected from others. After the initial data was collected, the team followed up at six months and then every year for three years.

Among the other findings, the study revealed that before treatment, participants in both groups reported feeling equally lonely. Three years after the intervention took place, loneliness scores slightly improved among those who had received hearing care, while scores slightly worsened among those who did not.

Hearing aids and their related audiology appointments cost an average of $4,700, which is usually paid out of pocket, notes Coresh, who is the founding director of the Optimal Aging Institute.

Also a professor in the Department of Medicine, Coresh says the authors plan to continue following the participants for another three years and to repeat the study with a more diverse group of people -- the patients were mostly White. He cautions that the participants received concierge-level hearing care that provided more resources and time with audiologists than is typically offered to the public. Damaged hearing aids, for example, were replaced within days instead of weeks.




Funding for the study was provided by National Institutes of Health grants R01AG055426, R01AG060502, U01HL096812, U01HL096814, U01HL096899, U01HL096902, and U01HL096917.

In addition to Reed and Coresh, NYU Langone researcher James Pike, MBA, was involved in the study.

Frank Lin, MD, PhD, at Johns Hopkins University in Baltimore, is study senior author and the co-principal investigator of the ACHIEVE trial along with Coresh.

Other study co-investigators are Jinyu Chen, MS; Alison Huang, PhD, MPH; Ziheng Chen, BS; Thomas Cudjoe, MD, MPH; Jennifer Deal, PhD, MHS; Christine Mitchell, ScM; Esther Oh, MD, PhD; and Jennifer Schrack, PhD, at Johns Hopkins University; Michelle Arnold, AuD, PhD; Theresa Chisolm, PhD; and Victoria Sanchez, AuD, PhD, at the University of South Florida in Tampa; Sheila Burgard, MS; David Couper, PhD; and Lisa Gravens-Mueller, MS, at the University of North Carolina in Chapel Hill; Adele Goman, PhD, at Edinburgh Napier University in the United Kingdom; Nancy Glynn, PhD, and Theresa Gmelin, MSW, MPH, at the University of Pittsburgh in Pennsylvania; Kathleen M. Hayden, PhD, at Wake Forest University in Winston-Salem, North Carolina; Thomas Mosley Jr, PhD, at the University of Mississippi in Jackson; and James Pankow, PhD, MPH, at the University of Minnesota in Minneapolis.
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A small bicycle handlebar sensor can help map a region's riskiest bike routes | ScienceDaily
While things like rain or hills can keep people from cycling, a major impediment is the risk of getting hit by a car. It's hard to identify the safest routes to ride, especially for beginner cyclists, and a key way to flag dicey streets involves time and injury: waiting until cars have hit several cyclists at a given location.


						
A University of Washington-led team has developed a system, called ProxiCycle, that logs when a passing car comes too close to a cyclist (within four feet). A small, inexpensive sensor plugs into bicycle handlebars and tracks the passes, sending them to the rider's phone. The team tested the system for two months with 15 cyclists in Seattle and found a significant correlation between the locations of close passes and other indicators of poor safety, such as collisions. Deployed at scale, the system could support mapping or navigating cyclists on safer bike routes through cities.

"Experienced cyclists have this mental map of which streets are safe and which are unsafe, and I wanted to find a simple way to pass that knowledge down to novice cyclists," said lead author Joseph Breda, a UW doctoral student in the Paul G. Allen School of Computer Science & Engineering. "Cycling is really good for your health and for the environment. Getting more people biking more often is how we reap those rewards and increase safety in numbers for cyclists on the roads."

The team presented its research Apr. 29 at the ACM CHI Conference on Human Factors in Computing Systems in Yokohama, Japan.

To start, researchers surveyed 389 people in Seattle. Respondents of all cycling experience levels ranked the threat of cars as the factor which most discouraged them from cycling, and said they'd be very likely to use a map that helps navigate for safety. But a key factor preventing this is limited data on road safety.

The team then built a small sensor system that plugs into a bike's left handlebar. The system, which costs less than $25 to build, consists of a 3D printed plastic casing that houses a pair of sensors and a Bluetooth antenna. The antenna transmits data to the rider's phone, where the team's algorithm susses out what's a passing car rather than a person, or another cyclist, or a tree.

The team validated the system both by testing it in a parking lot, with a car passing at different distances, and with seven cyclists riding through Seattle with GoPro cameras on their handlebars. Researchers watched the footage from these rides and compared this to the sensor output.




The team then recruited 15 cyclists through the newsletter of Seattle Neighborhood Greenways, a local advocacy group. Each got a ProxiCycle sensor, a custom Android application and instructions. The cyclists took 240 bike rides over two months and recorded 2,050 close passes. Researchers then compared the locations of close passes with riders' perceived safety at different locations in the city -- which they measured by showing cyclists images of locations and having them rate how safe they felt at those locations (referred to as "perceived safety") -- and with the locations of known automobile-to-bike collisions in the last five years.

The team found a significant correlation between close passes and both other indicators of cycling risk. They also found that this measure of close passes was a better indicator of actual safety than the surveyed perceived safety, which is the current standard used by policymakers to study safety when collisions aren't enough.

In the future, researchers hope to scale the study up and potentially account for other risk factors, such as cyclists being hit by opening car doors, and deploy ProxiCylce in other cities. With enough data, existing bike mapping apps, such as Google Maps or Strava, might include safer route suggestions for cyclists.

Some of those routes involve only minor adjustments.

"One study participant, who was living down by Seattle Center, was biking down Mercer all the time," Breda said. "It's this busy, multi-lane road. But just before the study, they found out that there's a great bike lane on a quieter street, just one block north."

Keyu Chen, an applied science lead at Gridware, and Thomas Ploetz, a professor at Georgia Institute of Technology, are also co-authors on this paper. Shwetak Patel, a UW professor in the Allen School, is the senior author.
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Metals and hormone-disrupting substances pose real threat to sustainable agriculture and water management in Europe | ScienceDaily
The current study focused on two main areas: metals in fertilised agricultural soils and oestrogens in aquatic systems, including the Scheldt estuary. In both domains, attention was paid not only to the presence of pollutants but more importantly to their behaviour and interaction with environmental factors such as pH, redox potential, and dissolved organic carbon.


						
From Manure to Metal Mobility

A significant portion of Jia's research investigated the effect of fertilisers on the mobility and bioavailability of metals. This included the use of the S920-Diffusive Gradients in Thin Films (DGT) technique -- a novel method allowing researchers to measure the fraction of metals that are truly bioavailable for plant uptake. This is crucial in the context of food safety and long-term sustainable agriculture policy.

"Fertilisers are a source of heavy metals in agricultural soils," explains her supervisor, Professor Yue Gao of VUB's Analytical, Environmental and Geo-Chemistry (AMGC) research group. "The application of the passive DGT sampler is essential for assessing the bioavailable fractions of metals in soil, as this is directly linked to plant uptake."

Using innovative analytical techniques, Jia was able to map the impact of different fertilisers on metal distribution in agricultural soils. She compared three types of fertilisers: phosphate fertiliser, sewage sludge, and animal manure. Her findings indicate that animal manure is the preferable option when it comes to limiting metal contamination.

Oestrogens in the Scheldt: A Declining Trend

In parallel, Jia studied the presence of oestrogens in the Scheldt estuary. These hormone-disrupting compounds -- often originating from domestic wastewater -- can affect the endocrine systems of aquatic organisms and, ultimately, human health. Through bioassays (ER-CALUX), she demonstrated that oestrogenic activity in the water column decreases downstream, and that sediment concentrations show a general decline over a period of four decades.




"These results demonstrate the impact of investment in wastewater treatment and the effect of European regulations such as the Water Framework Directive," says Professor Emeritus Willy Baeyens. Nevertheless, continued monitoring remains essential, particularly in light of emerging chemical substances and changing industrial and urban discharge patterns.

An International Dimension

Yuwei Jia previously obtained her Bachelor's and Master's degrees in Environmental Science in China, and her doctoral research in Brussels was funded by the China Scholarship Council. During her PhD, she published three articles in international peer-reviewed journals and presented her findings at various international conferences.

Her research underscores the importance of integrated environmental policy at the intersection of soil quality, water management, and food safety -- areas that are expected to become even more prominent on the policy agenda in the coming years.
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Studies point to redlining as a 'perfect storm' for breast cancer | ScienceDaily
In neighborhoods across America, women face a daunting threat from a federal practice that, although it was outlawed decades ago, continues to negatively impact their health today.


						
That's according to the findings of new University at Buffalo research that examines how historical redlining -- the federal policy from the 1930s where neighborhoods were given mortgage security grades based on race, ethnicity, class status and land use -- impacts both present-day breast cancer factors and survival after diagnosis.

The Federal Housing Administration (FHA) began redlining in 1934, denying prospective homeowners access to credit based solely on where they lived, oftentimes in urban neighborhoods that had large populations of Black residents. Neighborhoods were assigned grades from A to D. Marked on a map in green, 'A' neighborhoods were deemed the best, while 'D' areas were marked in red and considered hazardous. The practice was made illegal in 1968.

"While it is a near-century-old residential segregation policy, redlining still has influences on a neighborhood's breast cancer environment, and a woman's survival," says Sarah M. Lima, the lead author on both studies, who will graduate this May with her PhD in epidemiology from UB's School of Public Health and Health Professions. Lima's study on redlining and breast cancer survival was published in Cancer Epidemiology, Biomarkers & Prevention; the paper on redlining and clustering of breast cancer factors was published in January in the journal Cancer Causes & Control.

"Historical redlining is a really interesting factor to study with breast cancer because it ties neighborhood environmental profiles to socioeconomic factors," explains Lima, who focused on the increasing rates of breast cancer among younger women while working toward her master's at Columbia University, where she also worked on a breast cancer study prior to coming to UB.

Lima credits her UB advisors, Heather Ochs-Balcom, PhD, associate professor, and Tia Palermo, PhD, research associate professor, both in the Department of Epidemiology and Environmental Health and co-authors on the two papers, with helping to identify the connection between redlining and breast cancer.

Homeownership and wealth continue to be much lower in redlined neighborhoods, which also were used as sites to build highways and industrial facilities, Lima says. As a result, those neighborhoods continue to have higher exposure to pollution and toxic waste, and fewer parks and trees.




"Redlining affected the design of U.S. cities and determined much of today's environmental profiles and socioeconomic resources in neighborhoods -- that makes it a type of perfect storm for breast cancer," according to Lima.

Progressively lower survival by redlining grade

The study on redlining and survival after breast cancer diagnosis showed that regardless of a woman's health insurance status, the treatments she received and the socioeconomic status of her neighborhood, she is more likely to die within five years of her diagnosis simply based on whether her neighborhood was redlined or not.

In fact, it showed that redlining was associated with progressively lower survival for each grade among breast cancer cases. The study was based on nearly 61,000 breast cancer cases in New York State from 2008-2018.

Among the 60,773 cases, only 5.6% were in A-graded neighborhoods, compared to 21.7% for B, 42.5% in C, and 30.1% in D neighborhoods. Breast cancer cases in B, C and D areas had a 1.29, 1.37 and 1.64-fold higher risk of death compared to cases in A areas.

In addition, the study found that worse redlining grades had a higher prevalence of worse prognostic factors, including distant stage or metastatic cancer and more aggressive forms of breast cancer like hormone receptor-negative tumors and triple-negative breast cancer.




"These results tell us that the differences in survival by historical redlining are not just due to differences in the resources of the people who live there, but that there's something about the neighborhoods themselves that have an effect," says Lima, who encourages women who live in historically redlined areas to make sure they are up to date on breast cancer screenings.

The study was conducted in collaboration with New York State Department of Health cancer epidemiologists Tabassum Insaf, PhD, and Furrina Lee, PhD, who provided guidance with the state cancer registry data.

"This project demonstrates the power of population-based cancer surveillance data and how it can be used to understand how factors related to places in which we live and work can influence cancer survival," says Insaf, who serves as director of the state Department of Health's Bureau of Cancer Epidemiology and scientific director for the New York State Cancer Registry. "Through our New York State Cancer Registry, the New York State Department of Health is proud to partner with University at Buffalo to contribute to our understanding of cancer disparities."

Additional UB co-authors are Lili Tian, professor of biostatistics; Henry-Louis Taylor Jr., professor in the Department of Urban and Regional Planning; and Deborah O. Erwin, research professor of epidemiology and environmental health and professor of oncology at Roswell Park Comprehensive Cancer Center.

Differences among regions

The paper looking at clustering of breast cancer risk and survival factors complements the survival research by explaining how the neighborhoods may influence breast cancer survival.

This study examined 12,894 neighborhoods around the U.S., 74% of which were historically redlined. Researchers found that high-risk breast cancer factors were more common in redlined neighborhoods than non-redlined, with the exception of binge drinking, which was more prominent among non-redlined communities.

While historically redlined areas had an average of 5.41 breast cancer factors at high-risk levels, non-redlined neighborhoods averaged 3.55. High school education, lack of health insurance and physical inactivity were most strongly correlated to historical redlining status. Efforts to improve education, income, healthy lifestyles and mammography in redlined areas could help boost survival, Lima says.

Interestingly, this study revealed differences across U.S. regions (Northeast, South, Midwest and West) and is believed to be the first to evaluate historical redlining with geographic distribution of established breast cancer factors.

The identification of geographic differences could be used to help health departments in those areas think about useful interventions to reverse factors that contribute to higher risk for breast cancer, Lima says. For example, the disparities discovered in the South region would suggest that health practitioners there should focus on reducing obesity and smoking and improving physical activity, particularly for residents of redlined communities.

In the West, however, increasing mammography and routine medical care access would be more beneficial.

In addition to Taylor and Tian, Jared Aldstadt, associate professor in the Department of Geography, is also a UB co-author on this paper.

Taken together, Lima says, "Our results suggest that redlining determines a person's environment and access to health resources, which, in turn, affects their health. While redlining was outlawed long ago, that doesn't mean the pathways it helped establish are gone."
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Mercury levels in the atmosphere have decreased throughout the 21st century | ScienceDaily
Mercury is released by environmental and human-driven processes. And some forms, specifically methylmercury, are toxic to humans. Therefore, policies and regulations to limit mercury emissions have been implemented across the globe. And, according to research published in ACS ES&T Air, those efforts may be working. Researchers found that atmospheric mercury levels have decreased by almost 70% in the last 20 years, mainly because human-caused emissions have been reduced.


						
"By tracking mercury pollution over four decades at the top of the world, we show that global efforts to reduce pollution are working -- mercury levels in the air around Mount Everest have dropped significantly in the last two decades," explains Yindong Tong, the corresponding author on the study.

Humans contribute mercury to the air by burning fossil fuels, incinerating waste and mining. Environmental protections, such as the Minamata Convention on Mercury, aim to target those sources of pollution. The convention's effectiveness is judged partly on the amount of mercury in the atmosphere. Gaseous elemental mercury is also released from its largest natural reservoir, the soil, which might be accumulating even more mercury because of a changing climate. To distinguish between new, human-caused emissions and re-emissions of terrestrial mercury stored in the soil, researchers can look at patterns of mercury isotopes in the atmosphere. But regular atmospheric mercury isotope measurements have been collected for only about a decade. So, Tong, Ruoyu Sun and colleagues wanted to reconstruct information on past atmospheric mercury levels to understand how they've changed.

To look back in time, the researchers turned to the leaves of a tiny, low-to-the-ground perennial plant (Androsace tapete) growing at high elevations on Mount Everest. Much like the rings in a tree trunk, this plant grows a new layer of outer leaves every year, and they reflect what the plant's surrounding environment was like. So, by sampling older leaves from the center of two plants on Everest, the team gained a sense of atmospheric mercury levels as far back as 1982. They found that between 2000 and 2020, the total atmospheric concentration of elemental mercury decreased by 70%, with terrestrial mercury emissions making up a larger fraction of total emissions year over year. Currently, the soil emits significantly more mercury (62%) than human-related sources (28%).

Researchers attribute this overall decrease, based on patterns observed in mercury isotope data in plant leaves, to reduced human-caused mercury emissions led by efforts like the Minamata Convention. These observed trends match the reductions in atmospheric mercury seen from areas across the northern hemisphere that have been reported in previous studies. The researchers conclude that though recent efforts focused on human-related emissions appear to be successful, future efforts should be aimed at curbing re-emissions from soil.

The authors acknowledge funding from the Tianjin Natural Science Foundation and the National Natural Science Foundation of China.
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Researchers develop practical solution to reduce emissions and improve air quality from brick manufacturing in Bangladesh | ScienceDaily
Brick manufacturing is a central component of the economy in South Asia, but also a major source of greenhouse gas emissions and air pollution, as the practice releases carbon dioxide (CO2), fine particulate matter (PM2.5), and other contaminants into the environment. This coal-powered industry poses a serious threat to human health, agriculture, and the environment in low- and middle-income countries that lack the capacity to monitor and regulate these largely informal operations.


						
As scientists continue to sound the alarm on the increasing dangers of fossil fuels, a new study by researchers at the School of Public Health, Stanford University, icddr,b, Greentech Knowledge Solutions, and the Bangladesh University of Engineering and Technology has introduced an evidence-based strategy proven to increase energy efficiency and reduce emissions in the brick manufacturing industry by encouraging operational changes that prioritize practicality and profit.

Published in the journal Science, the study analyzes the results of a randomized controlled trial (RCT) that showed that brick kiln owners in Bangladesh are willing and able to implement cleaner and more efficient business practices within their operations -- without legal enforcement -- if they receive the proper training and support, and if those changes are aligned with their profit motives. The study is the first to rigorously demonstrate successful strategies to improve efficiency within the traditional brick kiln industry.

The RCT evaluated an intervention that provided educational resources, training, and technical support to kiln owners in Bangladesh during the 2022-2023 brick kiln season with 276 brick kilns. The intervention aimed to motivate the owners to make energy-efficient adjustments to their manufacturing process, such as streamlining brick stacking and using powered biomass fuel, both of which improve complete fuel combustion and reduce heat loss in the kilns.

The study found that 65 percent of the brick kiln owners adopted these changes, which led to a 23-percent reduction in energy use. The changes substantially improved air quality, contributing to 20-percent reductions in CO2 and PM2.5 emissions. This intervention also brought substantial savings in coal expenditures and higher-quality bricks. Notably, the researchers estimated that the social benefits due CO2 reductions from the intervention outweighed costs by a factor of 65 to 1 and that the CO2 reductions were achieved at the low cost of $2.85/ton. When the team returned to participating brick kilns the next year, they found adoption of the improved practices had not only sustained but increased.

"Brick manufacturing is central to development, urbanization, and construction in Bangladesh and across South Asia, but the industry has not experienced much innovation, leaving open the possibility for win-win solutions that target low efficiency," says study lead and corresponding author Nina Brooks, assistant professor of global health. "Our findings demonstrate that brick kiln owners are willing to embrace simple changes that protect human and environmental health when they have the knowledge and training, and those changes deliver tangible economic gain."

These findings are promising, as previous efforts to regulate the brick kiln industry have been unsuccessful in Bangladesh, where workers produce 27 billion bricks annually in harsh working conditions. This industry accounts for 17 percent of CO2 emissions and 11 percent of PM2.5 emissions each year. Existing regulations, such as fuel mandates that ban the use of firewood, or laws that require brick kilns to be distanced from schools, health facilities, and other establishments, are only minimally enforced; for example, the majority of brick kilns in Bangladesh are located illegally near schools.




In a 2024 pilot study for this intervention, the researchers learned that zigzag brick kiln owners were unaware of proper zizgag kiln operation -- which are already designed to be less polluting -- or that these approaches could increase their profit. The owners were also skeptical to implement the intervention, for fear that the changes were too technologically advanced for their workers. Although the study included an experimental arm that explained the business case for incentivizing workers to adopt the new practices, these were not widely taken up. An important area for future research is identifying strategies to improve work conditions that are aligned with kiln owners' profit motives and may be implemented within a weak regulatory state.

"From what I've seen in brick kilns, the people working there really make all the difference," says study coauthor Debashish Biswas, assistant scientist at icddr,b in Dhaka, Bangladesh. "It's not just about the technology or the strategies -- if the workers aren't taken care of, things just don't run smoothly. I think there is a real opportunity to find ways where looking after workers actually helps the business, too, even if the rules aren't always enforced. Owners and workers both stand to gain if we can figure that out."

When assessing the economic burden of the intervention, the researchers found that the social benefits outweighed the costs 65 to 1 by using the social cost of carbon of $185 per metric ton to value the CO2 reductions. If all zigzag kiln owners in Bangladesh adopted these changes, the team estimated that CO2 levels could plummet by 2.4 metric tons in just one brick firing season, which would result in a two-percent reduction of the country's annual CO2 emissions.

"Brick kilns and other informal industries need not always look outside for finding solutions to improve their environmental performance," says study coauthor Sameer Maithel, an advisor at Greentech Knowledge Solutions in New Delhi, India. "The energy-efficient operating practices introduced in this study were identified working in close partnership with progressive brickmakers in South Asia. There are several such innovations being practiced in the field."

There is an urgent need to put in place a system to identify these innovations and scale them, Dr. Maithel says. The researchers' energy-efficient intervention may be scalable across South Asia, such as in India and Nepal, where brick manufacturing practices are similar -- and possibly across other industries. Future research will consider how to best scale the intervention, as well as develop the next generation of efficiency improvements for the brick industry.

"The remarkable success of the intervention demonstrates the benefit of deep engagement with local stakeholders," says co-senior author Stephen Luby, Lucy Becker Professor of Medicine and senior fellow at the Stanford Woods Institute for the Environment.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Study shows vision-language models can't handle queries with negation words
        Researchers found that vision-language models, widely used to analyze medical images, do not understand negation words like 'no' and 'not.' This could cause them to fail unexpectedly when asked to retrieve medical images that contain certain objects but not others.

      

      
        Dexterity and climbing ability: how ancient human relatives used their hands
        Scientists have found new evidence for how our fossil human relatives in South Africa may have used their hands. Researchers investigated variation in finger bone morphology to determine that South African hominins not only may have had different levels of dexterity, but also different climbing abilities.

      

      
        Handy octopus robot can adapt to its surroundings
        Scientists inspired by the octopus's nervous system have developed a robot that can decide how to move or grip objects by sensing its environment.

      

      
        Fossil tracks show reptiles appeared on Earth up to 40 million years earlier
        The origin of reptiles on Earth has been shown to be up to 40 million years earlier than previously thought -- thanks to evidence discovered at an Australian fossil site that represents a critical time period. Scientists have identified fossilized tracks of an amniote with clawed feet -- most probably a reptile -- from the Carboniferous period, about 350 million years ago.

      

      
        Astronomers take a second look at twin star systems
        Apples-to-apples comparisons in the distant universe are hard to come by. Whether the subject is dwarf galaxies, supermassive black holes, or 'hot Jupiters,' astronomers can spend months or years searching for comparable objects and formations to study. And it is rarer still when those objects are side-by-side. But a new study offers a road map for finding 'twin' planetary systems -- showing whether binary stars that orbit each other, and that were born at the same time and place, tend to host si...

      

      
        Australia's oldest prehistoric tree frog hops 22 million years back in time
        Scientists have now discovered the oldest ancestor for all the Australian tree frogs, with distant links to the tree frogs of South America.

      

      
        An ink that boosts coral reef settlement by 20 times
        With coral reefs in crisis due to climate change, scientists have engineered a bio-ink that could help promote coral larvae settlement and restore these underwater ecosystems before it's too late. Researchers demonstrate that the ink could boost coral settlement by more than 20 times, which they hope could contribute to rebuilding coral reefs around the world.

      

      
        UV light and CT scans helped scientists unlock hidden details in a beautifully-preserved fossil Archaeopteryx
        Archaeopteryx is the fossil that clearly demonstrated Darwin's views. It's the oldest known fossil bird, and it helps show that all birds -- including the ones alive today -- emerged from dinosaurs. And while the first Archaeopteryx fossil was found more than 160 years ago, scientists are continuing to learn new things about this ancient animal. A set of feathers never before seen in this species help explain why it could fly when many of its non-bird dinosaur cousins could not.

      

      
        CT scanning helps reveal path from rotten fish to fossil
        Scientists confirm CT scanning doesn't interfere with natural decomposition processes, opening new windows into understanding how fossils form.

      

      
        Palaeontologists discover 506-million-year-old predator
        Palaeontologists have discovered a remarkable new 506-million-year-old predator from the Burgess Shale of Canada. Mosura fentoni was about the size of your index finger and had three eyes, spiny jointed claws, a circular mouth lined with teeth and a body with swimming flaps along its sides. These traits show it to be part of an extinct group known as the radiodonts.

      

      
        Researchers develop living material from fungi
        Fungi are considered a promising source of biodegradable materials. Researchers have developed a new material based on a fungal mycelium and its own extracellular matrix. This gives the biomaterial particularly advantageous properties.

      

      
        Remote particle measurement via quantum entanglement
        Quantum physics keeps challenging our intuition. Researchers have shown that joint measurements can be carried out on distant particles, without the need to bring them together. This breakthrough relies on quantum entanglement -- the phenomenon that links particles across distance as if connected by an invisible thread. The discovery opens up exciting prospects for quantum communication and computing, where information becomes accessible only once it is measured.

      

      
        Astrophysicists explore our galaxy's magnetic turbulence in unprecedented detail using a new computer model
        Astronomers have developed a groundbreaking computer simulation to explore, in unprecedented detail, magnetism and turbulence in the interstellar medium (ISM) -- the vast ocean of gas and charged particles that lies between stars in the Milky Way Galaxy. The model is the most powerful to date, requiring the computing capability of the SuperMUC-NG supercomputer at the Leibniz Supercomputing Centre in Germany. It directly challenges our understanding of how magnetized turbulence operates in astroph...

      

      
        AI meets the conditions for having free will -- we need to give it a moral compass
        AI is advancing at such speed that speculative moral questions, once the province of science fiction, are suddenly real and pressing, says a philosopher and psychology researcher Frank Martela. Martela's latest study finds that generative AI meets all three of the philosophical conditions of free will -- the ability to have goal-directed agency, make genuine choices and to have control over its actions. This development brings us to a critical point in human history, as we give AI more power and ...

      

      
        Echidna microbiome changes while mums nurse puggle
        Research shows microbial communities in echidna pseudo-pouches undergo dramatic changes while the animal is lactating, which could help in creating an environment for their young, known as puggles, to thrive.

      

      
        Flamingos create water tornados to trap their prey
        Flamingos have developed an amazing variety of techniques to create swirls and eddies in the water to concentrate and eat brine shrimp and other organisms, a biologist found. They stomp dance to stir organisms from the bottom and concentrate them in whorls. The organisms are then drawn upward by a head jerk that forms a vortex. Meanwhile, their beak is chattering underwater to create vortices that funnel prey into their mouths.

      

      
        From prehistoric resident to runaway pet: First tegu fossil found in the U.S.
        Originally from South America, the charismatic tegu made its way to the United States via the pet trade of the 1990s. But a recent discovery shows these reptiles are no strangers to the region -- tegus were here millions of years before their modern relatives arrived in pet carriers.

      

      
        Submarine robot catches an underwater wave
        Engineers have taught a simple submarine robot to take advantage of turbulent forces to propel itself through water.

      

      
        Universe decays faster than thought, but still takes a long time
        The universe is decaying much faster than thought. This is shown by calculations of scientists on the so-called Hawking radiation. They calculate that the last stellar remnants take about 10^78 years (a 1 with 78 zeros) to perish. That is much shorter than the previously postulated 10^1100 years (a 1 with 1100 zeros).

      

      
        Astrophysicist searches for ripples in space and time in new way
        Massive ripples in the very fabric of space and time wash over Earth constantly, although you'd never notice. An astrophysicist is trying a new search for these gravitational waves.

      

      
        Your fingers wrinkle in the same pattern every time you're in the water for too long
        Your fingers wrinkle in the same pattern every time you're in the water for too long, according to new research.

      

      
        Urine, not water for efficient production of green hydrogen
        Researchers have developed two unique energy-efficient and cost-effective systems that use urea found in urine and wastewater to generate hydrogen. The unique systems reveal new pathways to economically generate 'green' hydrogen, a sustainable and renewable energy source, and the potential to remediate nitrogenous waste in aquatic environments.

      

      
        Amuse, a songwriting AI-collaborator to help create music
        Researchers have developed AI technology similar to a fellow songwriter who helps create music.

      

      
        Self-assembly of a large metal-peptide capsid nanostructure through geometric control
        A significant advancement in molecular engineering has produced a large, hollow spherical shell nanostructure through the self-assembly of peptides and metal ions, report researchers from Japan. This dodecahedral link structure, measuring 6.3 nanometers in diameter, was achieved by combining geometric principles derived from knot theory and graph theory with peptide engineering. The resulting structure demonstrates remarkable stability while featuring a large inner cavity suitable for encapsulati...

      

      
        Bringing superconducting nanostructures to 3D
        An international team has pioneered a nano-3D printing method to create superconducting nanostructures, leading to groundbreaking technological advancements.

      

      
        Chimpanzee groups drum with distinct rhythms
        New research from a team of cognitive scientists and evolutionary biologists finds that chimpanzees drum rhythmically, using regular spacing between drum hits. Their results show that eastern and western chimpanzees -- two distinct subspecies -- drum with distinguishable rhythms. The researchers say these findings suggest that the building blocks of human musicality arose in a common ancestor of chimpanzees and humans.

      

      
        3D printing in vivo using sound
        New technique for cell or drug delivery, localization of bioelectric materials, and wound healing uses ultrasound to activate printing within the body.

      

      
        Ping pong bot returns shots with high-speed precision
        Engineers developed a ping-pong-playing robot that quickly estimates the speed and trajectory of an incoming ball and precisely hits it to a desired location on the table.

      

      
        The Squid Galaxy's neutrino game just leveled up
        In space, energetic neutrinos are usually paired with energetic gamma rays. Galaxy NGC 1068, however, emits strong neutrinos and weak gamma rays, which presents a puzzle for scientists to solve. A new paper posits that helium nuclei collide with ultraviolet photons emitted by the galaxy's central region and fragment, releasing neutrons that subsequently decay into neutrinos without producing gamma rays. The finding offers insight into the extreme environment around the supermassive black holes at...
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Study shows vision-language models can't handle queries with negation words | ScienceDaily
Imagine a radiologist examining a chest X-ray from a new patient. She notices the patient has swelling in the tissue but does not have an enlarged heart. Looking to speed up diagnosis, she might use a vision-language machine-learning model to search for reports from similar patients.


						
But if the model mistakenly identifies reports with both conditions, the most likely diagnosis could be quite different: If a patient has tissue swelling and an enlarged heart, the condition is very likely to be cardiac related, but with no enlarged heart there could be several underlying causes.

In a new study, MIT researchers have found that vision-language models are extremely likely to make such a mistake in real-world situations because they don't understand negation -- words like "no" and "doesn't" that specify what is false or absent.

"Those negation words can have a very significant impact, and if we are just using these models blindly, we may run into catastrophic consequences," says Kumail Alhamoud, an MIT graduate student and lead author of this study.

The researchers tested the ability of vision-language models to identify negation in image captions. The models often performed as well as a random guess. Building on those findings, the team created a dataset of images with corresponding captions that include negation words describing missing objects.

They show that retraining a vision-language model with this dataset leads to performance improvements when a model is asked to retrieve images that do not contain certain objects. It also boosts accuracy on multiple choice question answering with negated captions.

But the researchers caution that more work is needed to address the root causes of this problem. They hope their research alerts potential users to a previously unnoticed shortcoming that could have serious implications in high-stakes settings where these models are currently being used, from determining which patients receive certain treatments to identifying product defects in manufacturing plants.




"This is a technical paper, but there are bigger issues to consider. If something as fundamental as negation is broken, we shouldn't be using large vision/language models in many of the ways we are using them now -- without intensive evaluation," says senior author Marzyeh Ghassemi, an associate professor in the Department of Electrical Engineering and Computer Science (EECS) and a member of the Institute of Medical Engineering Sciences and the Laboratory for Information and Decision Systems.

Ghassemi and Alhamoud are joined on the paper by Shaden Alshammari, an MIT graduate student; Yonglong Tian of OpenAI; Guohao Li, a former postdoc at Oxford University; Philip H.S. Torr, a professor at Oxford; and Yoon Kim, an assistant professor of EECS and a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL) at MIT. The research will be presented at Conference on Computer Vision and Pattern Recognition.

Neglecting negation

Vision-language models (VLM) are trained using huge collections of images and corresponding captions, which they learn to encode as sets of numbers, called vector representations. The models use these vectors to distinguish between different images.

A VLM utilizes two separate encoders, one for text and one for images, and the encoders learn to output similar vectors for an image and its corresponding text caption.

"The captions express what is in the images -- they are a positive label. And that is actually the whole problem. No one looks at an image of a dog jumping over a fence and captions it by saying 'a dog jumping over a fence, with no helicopters,'" Ghassemi says.




Because the image-caption datasets don't contain examples of negation, VLMs never learn to identify it.

To dig deeper into this problem, the researchers designed two benchmark tasks that test the ability of VLMs to understand negation.

For the first, they used a large language model (LLM) to re-caption images in an existing dataset by asking the LLM to think about related objects not in an image and write them into the caption. Then they tested models by prompting them with negation words to retrieve images that contain certain objects, but not others.

For the second task, they designed multiple choice questions that ask a VLM to select the most appropriate caption from a list of closely related options. These captions differ only by adding a reference to an object that doesn't appear in the image or negating an object that does appear in the image.

The models often failed at both tasks, with image retrieval performance dropping by nearly 25 percent with negated captions. When it came to answering multiple choice questions, the best models only achieved about 39 percent accuracy, with several models performing at or even below random chance.

One reason for this failure is a shortcut the researchers call affirmation bias -- VLMs ignore negation words and focus on objects in the images instead.

"This does not just happen for words like 'no' and 'not.' Regardless of how you express negation or exclusion, the models will simply ignore it," Alhamoud says.

This was consistent across every VLM they tested.

"A solvable problem"

Since VLMs aren't typically trained on image captions with negation, the researchers developed datasets with negation words as a first step toward solving the problem.

Using a dataset with 10 million image-text caption pairs, they prompted an LLM to propose related captions that specify what is excluded from the images, yielding new captions with negation words.

They had to be especially careful that these synthetic captions still read naturally, or it could cause a VLM to fail in the real world when faced with more complex captions written by humans.

They found that finetuning VLMs with their dataset led to performance gains across the board. It improved models' image retrieval abilities by about 10 percent, while also boosting performance in the multiple-choice question answering task by about 30 percent.

"But our solution is not perfect. We are just recaptioning datasets, a form of data augmentation. We haven't even touched how these models work, but we hope this is a signal that this is a solvable problem and others can take our solution and improve it," Alhamoud says.

At the same time, he hopes their work encourages more users to think about the problem they want to use a VLM to solve and design some examples to test it before deployment.

In the future, the researchers could expand upon this work by teaching VLMs to process text and images separately, which may improve their ability to understand negation. In addition, they could develop additional datasets that include image-caption pairs for specific applications, such as health care.
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Dexterity and climbing ability: how ancient human relatives used their hands | ScienceDaily
Scientists have found new evidence for how our fossil human relatives in South Africa may have used their hands. Research led by Samar Syeda, postdoctoral researcher at the American Museum of Natural History, together with scientists at the Max Planck Institute for Evolutionary Anthropology, the University of the Witwatersrand, University of Kent, Duke University and the National Geographic Society, investigated variation in finger bone morphology to determine that South African hominins not only may have had different levels of dexterity, but also different climbing abilities.


						
To the point
    	Different hand use: Two ancient human relatives, Australopithecus sediba and Homo naledi, had different finger bone morphologies that indicate they used different types of hand grips, both when using tools and when climbing
    	Internal structure of the finger bones: A. sediba had a mix of ape-like and human-like features, while H. naledi had a unique pattern of bone thickness, suggesting different loading patterns and possible grip types.
    	Human Evolution: Ancient human relatives adapted to their environments in diverse ways, balancing tool use, food processing, and locomotion, challenging the traditional view of a single, linear transition from upright walking to advanced tool use.

This new research focuses on two, almost complete fossil hand skeletons found in South Africa. One is the hand of Australopithecus sediba, first discovered in 2010 at the site of Malapa and dated to approximately two million years old. The other hand skeleton is from the more recent, but perhaps more enigmatic, Homo naledi, first found in 2015 deep within the Rising Star Cave system and dated to around 250,000 years ago.

Neither hominin has yet been found in direct association with stone tools, but several aspects of their hand and wrist morphology suggest that they had a degree of hand dexterity much more similar to that of humans than to living chimpanzees or gorillas. "Since stone tools are found in South Africa by at least 2.2 million years ago (and in East Africa by as early as 3.3 million years ago), and many primates are all excellent stone tool users, it is not surprising that A. sediba and H. naledi would be dexterous tool users as well. However, how exactly they used tools and if they manipulated their tools in similar ways is unclear," says senior author, Tracy Kivell.

Moreover, both A. sediba and H. naledi are also found with many other bones of their skeleton that preserve ape-like features, particularly bones of their upper limbs, that would be advantageous for climbing. If these features reflect actual climbing in these individuals or are simply evolutionary hold-overs from an ancestor that climbed, is a longstanding debate in palaeoanthropology.

Fossil hands reveal ancient human behavior

To help address these questions, Syeda and her colleagues investigated variation in the internal structure -- the cortical bone -- of the fingers in A. sediba and H. naledi. Bone is a living tissue that can adapt its structure in response to how we use and load our skeleton during life, getting thicker where loads are higher and thinner where loads are lower. Therefore, variation in the internal cortical thickness can provide new insights in how these two hominin fossils may have actually used their hands during their lifetimes.




"We found that A. sediba and H. naledi show different functional signals in the cortical bone structure of their fingers," says Samar Syeda, lead author of the study. In A. sediba, the distribution of the cortical bone within the proximal and intermediate phalanges of most of its fingers is like that of apes. However, bones of its thumb and pinky finger are more like those of humans. Syeda concludes that "these two digits are more likely to reflect potential signals of manipulation because they are less often used or experience less load during climbing or suspensory locomotion. When we combine these results with the remarkably long, human-like thumb of A. sediba, it suggests that A. sediba used its hand for both tool use and other dexterous behaviours, as well as climbing."

Homo naledi's hands show unique grip pattern

H. naledi, in contrast, is unusual in showing a human-like signal in its proximal phalanges (the bones that articulate with the palm) but an ape-like signal in its intermediate phalanges (the bones within the middle of the fingers). "This distinct pattern was unexpected and indicates that H. naledi likely used and loaded different regions of its fingers in different ways," says Syeda. This kind of loading pattern is typical of only certain grip types used today, like crimp grips, used often by rock climbers, where the surface is grasped primarily by just the tips of the fingers. H. naledi also has unusually highly curved finger bones, particularly for a hominin that lived at the same time as the earliest members of our species, Homo sapiens, which is another indication that it used its hands for locomotion.

While more research is needed to further test if H. naledi may have used crimp-like grips or climbed rocks, it is clear that throughout human evolution there were different ways of combining enhanced dexterity for tool use and food processing with the continued need to use the hands to climb, be it trees or rocks, within the South African palaeolandscape. "This work offers yet more evidence that human evolution is not a single, linear transition from upright walking to increasingly better tool use, but is rather characterized by different 'experiments' that balanced the need to both manipulate and to move within these past environments," says Kivell.
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Handy octopus robot can adapt to its surroundings | ScienceDaily
Scientists inspired by the octopus's nervous system have developed a robot that can decide how to move or grip objects by sensing its environment.


						
The team from the University of Bristol's Faculty of Science and Engineering designed a simple yet smart robot which uses fluid flows of air or water to coordinate suction and movement as octopuses do with hundreds of suckers and multiple arms.

The study, published today in the journal Science Robotics, shows how a soft robot can use suction flow not just to stick to things, but also to sense its environment and control its own actions -- just like an octopus. A single suction system enables the robot to grab delicate items, sense whether it's touching air, water, or a rough surface, and even predict how hard something is pulling on it -- all at once, without needing a central computer.

Lead author Tianqi Yue explained: "Last year, we developed an artificial suction cup that mimicked how octopuses stick to rocks using soft materials and water sealing.

"This research brings that work on, from using a suction cup like an octopus sucker to connect to objects to using 'embodied suction intelligence' -- mimicking key aspects of the neuromuscular structure of the octopus in soft robotic systems."

The suction intelligence works at two levels: by coupling suction flow with local fluidic circuitry, soft robots can achieve octopus-like low-level embodied intelligence, including gently grasping delicate objects, adaptive curling and encapsulating objects of unknown geometries. By decoding the pressure response from a suction cup, robots can achieve high-level perception including contact detection, classification of environment and surface roughness, as well as prediction of interactive pulling force.

This simple and low-cost suction intelligence could lead to a new generation of soft robots that are safer, smarter and more energy-efficient. Potential uses include picking fruit gently in agriculture, handling fragile items in factories, anchoring medical tools inside the human body, or creating soft toys and wearable tools that can interact safely with people.

The team are currently working on making the system smaller and more robust for real-world use. They also aim to combine it with smart materials and AI to improve its adaptability and decision-making in complex environments.

"It's fascinating how a simple suction cup, with no electronics inside, can feel, think and act -- just like an octopus arm," concluded Tianqi. "This could help robots become more natural, soft and intuitive to use."
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Fossil tracks show reptiles appeared on Earth up to 40 million years earlier | ScienceDaily
The origin of reptiles on Earth has been shown to be up to 40 million years earlier than previously thought -- thanks to evidence discovered at an Australian fossil site that represents a critical time period.


						
Flinders University Professor John Long and colleagues have identified fossilised tracks of an amniote with clawed feet -- most probably a reptile -- from the Carboniferous period, about 350 million years ago.

"Once we identified this, we realised this is the oldest evidence in the world of reptile-like animals walking around on land -- and it pushes their evolution back by 35-to-40 million years older than the previous records in the Northern Hemisphere," says Professor Long, Strategic Professor in Palaeontology at Flinders.

Published today in the journal Nature, this discovery indicates that such animals originated in the ancient southern supercontinent of Gondwana, of which Australia was a central part

The fossil tracks, discovered in the Mansfield district of northern Victoria in Australia, were made by an animal that Professor Long predicts would have looked like a small, stumpy, Goanna-like creature.

"The implications of this discovery for the early evolution of tetrapods are profound," says Professor Long.

"All stem-tetrapod and stem-amniote lineages must have originated during the Devonian period -- but tetrapod evolution proceeded much faster, and the Devonian tetrapod record is much less complete than we have believed."

Fossil records of crown-group amniotes -- the group that includes mammals, birds and reptiles -- begin in the Late Carboniferous period (about 318 million years old), while previously the earliest body fossils of crown-group tetrapods were from about 334 million years ago, and the oldest trackways about 353 million years old.




This had suggested the modern tetrapod group originated in the early Carboniferous period, with the modern amniote group appearing in the early part of the Late Carboniferous period.

"We now present new trackway data from Australia that falsify this widely accepted timeline," says Professor Long, who worked with Australian and international experts on the major Nature journal paper.

"My involvement with this amazing fossil find goes back some 45 years, when I did my PhD thesis on the fossils of the Mansfield district, but it was only recently after organizing palaeontology field trips to this area with Flinders University students that we got locals fired up to join in the hunt for fossils.

"Two of these locals -- Craig Eury and John Eason (coauthors on the paper) -- found this slab covered in trackways and, at first, we thought they were early amphibian trackways, but one in the middle has a hooked claw coming off the digits, like a reptile -- an amniote, in fact.

"It was amazing how crystal clear the trackways are on the rock slab. It immediately excited us, and we sensed we were onto something big -- even though we had no idea just how big it is."

The Flinders palaeontology team working on this project included Dr Alice Clement, who scanned the fossil footprints to create digital models that were then analysed in detail, working closely with a team from Uppsala University led by Professor Per Erik Ahlberg, a member of the Royal Swedish Academy of Sciences.




"We study rocks and fossils of the Carboniferous and Devonian age with specific interest to observe the very important fish-tetrapod transition," says Dr Clement.

"We're trying to tease apart the details of how the bodies and lifestyles of these animals changed, as they moved from being fish that lived in water, to becoming tetrapods that moved about on land."

Another coauthor Dr Aaron Camens, who studies animal trackways from around Australia, produced heatmaps that explain details of the fossil footprints much more clearly.

"A skeleton can tell us only so much about what an animal could do, but a trackway actually records its behaviour and tells us how this animal was moving," says Dr Camens.

Because Professor Long had been studying ancient fish fossils of this area since 1980, he had a clear idea of the age of rock deposits in the Mansfield district -- from the Carboniferous period, which started about 359 million years ago.

"The Mansfield area has produced many famous fossils, beginning with spectacular fossil fishes found 120 years ago, and ancient sharks. But the holy grail that we were always looking for was evidence of land animals, or tetrapods, like early amphibians. Many had searched for such trackways, but never found them -- until this slab arrived in our laboratory to be studied.

"This new fossilised trackway that we examined came from the early Carboniferous period, and it was significant for us to accurately identify its age -- so we did this by comparing the different fish faunas that appear in these rocks with the same species and similar forms that occur in well-dated rocks from around the world, and that gave us a time constraint of about 10 million years."

La Trobe University's Dr Jillian Garvey, who liaised with the Taungurung Land and Waters Council for the study, has researched in the Mansfield basin since the early 2000s.

"This discovery rewrites this part of evolutionary history," Dr Garvey says. "It indicates there is so much that has happened in Australia and Gondwana that we are still yet to uncover."
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Astronomers take a second look at twin star systems | ScienceDaily
Apples-to-apples comparisons in the distant universe are hard to come by.


						
Whether the subject is dwarf galaxies, supermassive black holes, or "hot Jupiters," astronomers can spend months or years searching for comparable objects and formations to study. And it is rarer still when those objects are side-by-side.

But a new Yale study offers a road map for finding "twin" planetary systems -- showing whether binary stars that orbit each other, and that were born at the same time and place, tend to host similar orbiting planets. The study's authors found that certain orientations of twin star systems may provide critical information about planet formation, while also being easier for astronomers to discover planets within the systems.

The side-by-side, "edge on" configuration of certain binary star systems potentially allows astronomers to do comparative studies, in the same way that doctors study human twins to gain knowledge about biological and behavioral mechanisms.

"This could be an unprecedented avenue for examining how deterministic, or orderly, the process of planet formation is," said Malena Rice, an assistant professor of astronomy in Yale's Faculty of Arts and Sciences and senior author of the new study.

The study appears in The Astrophysical Journal Letters. The first author is Joseph Hand, an undergraduate at the University of Kansas who conducted the research as a Dorrit Hoffleit Undergraduate Research Scholar, a Yale fellowship named in honor of the longtime Yale astronomer. Konstantin Gerbig, a Ph.D. candidate in Yale's Graduate School of Arts and Sciences, is co-author of the study.

In earlier work, Rice identified an unexpectedly large number of binary systems with orbits that are perfectly aligned, meaning that the two binary stars and their planets orbit on the same geometrical plane. In such systems, the companion star can serve as a stabilizer for the planets' orbits, preventing dramatic long-term climate variations that may otherwise be destructive to life as we know it.




These "edge-on" binary systems, because of their alignment, are also excellent candidates for the detection of new planets, according to the researchers: the stars wobble directly toward and away from Earth, creating a signal boost.

For the study, the team identified nearly 600 edge-on binary star systems based on data from the European Space Agency's Gaia DR3 catalogue of high-precision stellar astrometry. Drawing from the Gaia dataset, the researchers found the brightest nearby binary star systems, measured their orbits, and simulated the set of expected planets waiting to be discovered orbiting each star.

The result, researchers say, is essentially a prediction for locations in the sky where planet-hunters are more likely to find new planets to identify and characterize -- and, for the first time, to compare planets across stars in the same system.

"We outline how this could, for the first time, be used to conduct comparative studies of planet formation where we have a control sample -- that is, a second planetary system born together with the first planetary system," Rice said.

The work was funded by the Dorrit Hoffleit Undergraduate Research Scholarship program and support from the Heising-Simons Foundation.
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Australia's oldest prehistoric tree frog hops 22 million years back in time | ScienceDaily
Newly discovered evidence of Australia's earliest species of tree frog challenges what we know about when Australian and South American frogs parted ways on the evolutionary tree.


						
Previously, scientists believed Australian and South American tree frogs separated from each other about 33 million years ago.

But in a study published today in Journal of Vertebrate Palaeontology, palaeontologists from UNSW Sydney say the new species, Litoria tylerantiqua, is now at about 55 million years old, the earliest known member of the pelodryadid family of Australian tree frogs.

The study is based on fossils unearthed from Murgon on the traditional lands of the Waka Waka people of south-eastern Queensland. The new species, Litoria tylerantiqua, is named in honour of the late Michael Tyler, a renowned Australian herpetologist globally celebrated for his research on frogs and toads.

"It is only fitting to name Australia's earliest tree frog in honour of a man who was a giant in Australian frog research and in particular the first to explore the fossil record for Australian frogs," says study lead author Dr Roy Farman, an adjunct associate lecturer with UNSW School of Biological, Earth & and Environmental Sciences.

Evolutionary history of Australian tree frogs

Around 55 million years ago, Australia, Antarctica and South America were linked together as the last remnants of the southern supercontinent Gondwana. Global climates were warmer during this period, while a forested corridor linked South America and Australia.




Up until now, it was thought the earliest Australian tree frogs came from the Late Oligocene (about 26 million years ago) and the Early Miocene (23 million years ago). Fossils of the Late Oligocene were found at Kangaroo Well in the Northern Territory and Etadunna Formation at Lake Palankarinna, South Australia, while the Riversleigh World Heritage Area in Queensland revealed tree frogs from the Early Miocene.

But the new species extends the fossil record of pelodryadids by approximately 30 million years, to a time potentially close to the divergence of Australian tree frogs from the South American tree frogs.

Previous estimates based on molecular clock studies -- a method scientists use to figure out when different species split from a common ancestor by looking at the rate of genetic changes over time -- suggested that Australian and South American tree frogs separated from each other at about 33 million years ago.

"Our research indicates that that date is at least 22 million years too young," Dr Farman says.

"While molecular studies are important for understanding the evolutionary relationships of different groups of animals, these studies should be calibrated using knowledge from the fossil record and in this case the fossil record provides a more accurate time for separation of the southern world's tree frogs."

Using new technology to study ancient frogs

To conduct this research, the authors used CT scans of spirit-preserved frogs from Australian museum collections to compare the three-dimensional shape of the fossil bones with those of living species. The technique -- called three-dimensional geometric morphometrics -- has only been used on fossil frogs once before. Using these new methods, they were able to unravel the relationships of these fossils to all other groups of frogs living and extinct.




"We had a real problem at the start of this study because the pelvic bones of most living frogs were invisible inside whole pickled frogs rather than available for study as skeletons," Dr Farman says.

"Museums understandably want to ensure these often unique or rare pickled specimens remain intact for molecular studies because DNA can be obtained from their soft tissues. This meant that instead of skeletonising these specimens, we needed instead to make CT scans of them, enabling us to create 3D models of their otherwise invisible skeletons.

"Using these cutting-edge investigative methods, we were able to determine from the shape of the fossil ilia -- one of three bones that make up each side of the pelvis -- that this new Murgon species of frog is more closely related to the Australian tree frogs (pelodryadids) than the South American tree frogs (phyllomedusids)."

Seasoned survivors that outlasted the dinosaurs

Litoria tylerantiqua joins the only other Murgon frog, the ground-dwelling Platyplectrum casca (previously described as Lechriodus casca), as the oldest frogs known from Australia. Both have living relatives in Australia and New Guinea demonstrating remarkable resilience over time.

"Despite their delicate nature, frogs have been surprisingly successful at surviving several mass extinction events since their origins about 250 million years ago, including the mass extinction 66 million years ago that took out the non-flying dinosaurs," Dr Farman says.

"Although global extinction events triggered by human activities -- such as rapid climate change and the spread of chytrid fungus -- may be among the worst challenges frogs have had to face, the fossil record could reveal how some frog groups overcame previous challenges, perhaps by adapting to new, less-threatening habitats. This could provide clues about how we might be able to help by translocating some threatened frogs into more future-secure habitats."

Frogs such as the southern corroboree frog are threatened in their current habitats which have become more hostile due to climate change. The authors say that if the fossil record shows physically similar frogs living in very different habitats, today's frogs may benefit by being reintroduced into similar environments.
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An ink that boosts coral reef settlement by 20 times | ScienceDaily
With coral reefs in crisis due to climate change, scientists have engineered a bio-ink that could help promote coral larvae settlement and restore these underwater ecosystems before it's too late. In a paper publishing May 14 in the Cell Press journal Trends in Biotechnology, researchers demonstrate that the ink could boost coral settlement by more than 20 times, which they hope could contribute to rebuilding coral reefs around the world.


						
"When people think about a coral reef, they often think about how beautiful it is," says author Daniel Wangpraseurt of the University of California San Diego. "What we sometimes forget is that coral reefs are one of the best structures in protecting our coasts. We are hoping to develop technologies to restore not just the ecosystem but the natural structures that will buffer shorelines against waves, storms, and floods."

In the past, researchers have tried to restore coral reefs -- which have halved across the globe since the mid-20th century -- mainly through planting nursery-grown corals. But Wangpraseurt says these lab-grown corals are genetically identical, meaning that they're susceptible to the same threats.

"If there's a warming event or a disease outbreak, it can wipe out the whole population. Ideally, we want to recruit corals naturally, which can introduce genetic diversity to the population and enhance their resilience," says Wangpraseurt.

Biologists have recently discovered that certain rocky pink algae, called crustose coralline algae (CCA), play an important role in attracting coral larvae and encouraging them to settle on the reef. It appears that CCA emits metabolites into the surrounding water, and coral larvae follow these chemical signals. Inspired by this finding, Wangpraseurt and his team, including first author Samapti Kundu at the University of California San Diego, developed a transparent ink material infused with metabolites derived from CCA. Dubbed SNAP-X, the ink slowly releases these natural chemical cues into seawater over the course of a month. By applying SNAP-X to rocks or other surfaces, researchers can create an inviting microhabitat that helps coral larvae settle and grow.

The team tested SNAP-X outdoors using natural seawater and continuous water flow to simulate the ocean environment. They found that the larvae of Montipora capitata, a primary reef-building coral in Hawaii, were 20 times more likely to settle on substrates sprayed with SNAP-X, and the settlements became denser when the team increased the concentration of the metabolites in SNAP-X.

Given that some species of coral reproduce by releasing their eggs and sperm at the exact same time every year, the researchers recommend syncing SNAP-X deployment with the coral's spawning cycle to support natural coral recruitment. Depending on the species of coral, scientists can also tweak the ingredients of SNAP-X to include different metabolites and chemical signals that support the development of coral reefs.

The team is now working on methods to scale up the production of SNAP-X. Because the ink contains no living materials, they hope that it will soon be approved for application in the real world.

"It's really exciting to be able to learn from adjacent disciplines like materials science and bioengineering," says Wangpraseurt. "I think a lot of the technologies for restoring and protecting our environment are already there, we just need to look outside the box into other fields of study."
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UV light and CT scans helped scientists unlock hidden details in a beautifully-preserved fossil Archaeopteryx | ScienceDaily

Like all Archaeopteryx fossils, the Chicago specimen was found in limestone deposits near Solnhofen, Germany. This particular specimen was found by a private fossil collector prior to 1990, and had been in private hands since 1990. A coalition of supporters helped the Field Museum procure it; it arrived at the museum in August 2022.

"When we first got our Archaeopteryx, I was like, this is very, very, very cool, and I was beyond excited. But at the same time, Archaeopteryx has been known for over 160 years, so I wasn't sure what new things we would be able to learn," says Jingmai O'Connor, the Field Museum's associate curator of fossil reptiles and lead author of the paper. "But our specimen is so well-preserved and so well-prepared that we're actually learning a ton of new information, from the tip of its snout to the tip of its tail."

Archaeopteryx, which lived about 150 million years ago during the Jurassic Period, was a small animal -- the Chicago specimen in particular is the smallest one known, only about the size of a pigeon. Its tiny, hollow bones are preserved in a slab of extremely hard limestone. "When you have such a delicate fossil, you can't completely remove it from the surrounding rock matrix the way you do with something big and solid like a T. rex," says O'Connor. "So when we prepared it, we carefully chipped away the bits of rock covering the fossil."

A team of fossil preparators, led by the Field Museum's chief fossil preparator Akiko Shinya, spent over a year working on the Chicago Archaeopteryx. The work was incredibly detailed. Even seeing where the fossil ended and the rock matrix began was a challenge, because the preserved bones and tissues are nearly the same color as the surrounding rock. The CT scan was also used to better delineate the boundaries of the fossil.

"A CT scanner is essentially a machine that takes a series of X-rays, which it uses to build a three-dimensional image, based on differences in density. It lets you see inside things," says O'Connor. "CT scanning was very important for our preparation process -- it let us know things like, the bone is exactly 3.2 millimeters below the surface of the rock, which let us know exactly how far we could go before we would hit the bone. This is the first time a complete Archaeopteryx has been CT scanned and the data made available."

The team was further guided by the use of UV light to illuminate pieces of the fossil's skeleton and even its soft tissues, like scales on the bottom of the toes. "Previous studies have shown that there's something in the chemical composition of Solnhofen fossils that makes the soft tissues fluoresce, or glow under UV light," says O'Connor. "So our amazing prep team utilized UV light periodically through the preparation process to make sure that they weren't accidentally removing any soft tissues that you can't see with the naked eye."

This careful, technology-guided preparation led to more fine details being preserved in the Chicago Archaeopteryx than in any other specimen. "We're lucky in that this specimen happens to be extremely well-preserved, but we can also see features that probably were preserved in other specimens, but which didn't make it through cruder preparation processes in the past," says O'Connor. "Having the preparation of this specimen done by scientists whose goal was to preserve as much tissue and bone as possible made a huge difference."




While there's a lot to learn from the Chicago Archaeopteryx, in this paper, O'Connor and her team focused on a few areas in particular: the head, the hands and feet, and the wing feathers.

"The bones in the roof of the mouth help us learn about the evolution of something called cranial kinesis -- a feature in modern birds that lets the beak move independently from the braincase. That might not sound exciting, but to people who study bird evolution, it's really important, because it's been hypothesized that being able to evolve specialized skulls for different ecological niches might have helped birds evolve into more than 11,000 species today," says O'Connor. Meanwhile, soft tissues preserved in the Chicago Archaeopteryx's hands and feet bolster ideas that Archaeopteryx spent a lot of its time walking on the ground and might even have been able to climb trees.

The Chicago Archaeopteryx's wing feathers factor into a long-standing scientific debate about the origins of flight in dinosaurs. "Archaeopteryx isn't the first dinosaur to have feathers, or the first dinosaur to have 'wings.' But we think it's the earliest known dinosaur that was able to use its feathers to fly," says O'Connor. "This is actually my favorite part of the paper, the part that provides evidence that Archaeopteryx was using its feathered wings for flying."

The key to Archaeopteryx's flight might be a set of feathers never before seen in a member of its species: a long set of feathers on the upper arm, called tertials.

"Compared to most living birds, Archaeopteryx has a very long upper arm bone," says O'Connor. "And if you're trying to fly, having a long upper arm bone can create a gap between the long primary and secondary feathers of the wing and the rest of your body. If air passes through that gap, that disrupts the lift you're generating, and you can't fly."

However, modern birds have evolved a solution to this problem: a shorter upper arm bones, and a set of tertial feathers to fill the gap between the bird's body and the rest of its wing.




"Our specimen is the first Archaeopteryx that was preserved and prepared in such a way that we can see its long tertial feathers," says O'Connor. "These feathers are missing in feathered dinosaurs that are closely related to birds but aren't quite birds. Their wing feathers stop at the elbow. That tells us that these non-avian dinosaurs couldn't fly, but Archaeopteryx could. This also adds to evidence that suggests dinosaurs evolved flight more than once -- which I think is super exciting."

O'Connor says that this initial study is just the beginning for the Chicago Archaeopteryx. "We're learning something exciting and new from just about every part of the body that we have preserved. And this paper is really just the tip of the iceberg," she says.

This study was contributed to by Jingmai O'Connor, Alex Clark, Pei-Chen Kuo, Yosef Kiat, Matteo Fabbri, Akiko Shinya, Constance Van Beek, Jing Lu, Min Wang, and Han Hu.
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CT scanning helps reveal path from rotten fish to fossil | ScienceDaily
Scientists have found that X-Ray scanning reveals secrets of fossil formation without disturbing the decay of buried carcasses.


						
A new study published in Palaeontology has confirmed that X-ray computed tomography (XCT scanning) can be used to monitor decomposing organisms without altering the natural decay process -- a vital step for understanding how fossils form.

A research team from the University of Birmingham entombed dead zebrafish within sediment to test whether repeatedly zapping decaying specimens with X-rays would change how they decompose. Their findings suggest this non-invasive imaging technique allows scientists to watch decay happen in real-time without disturbing the process -- unlike traditional methods that require digging up and potentially damaging specimens.

"It's like getting a snapshot of nature's natural recycling program," said Dr Iacopo Cavicchini, lead author on the study. "Previous methods were like trying to observe a smelly bag of goop by digging it up -- it's very difficult and you inevitably alter what you're trying to study."

The research addresses a significant challenge in taphonomy -- the study of how organisms decay and become fossils. Traditional decay experiments require researchers to unearth specimens to observe them, causing artificial damage or disarticulation that can mess with the results. In order to test if CT scanning could be used in their experiments, the research team wanted to know whether X-ray exposure would interfere with the bacteria that drive decay.

Their findings showed that the microbes continued to decay the carcass, unimpeded by periodic exposure to X rays -- proving the technique serves as a crucial stepping stone toward more sophisticated non-invasive decay experiments that better mimic natural conditions of fossil formation.

"This study validates an important non-destructive tool for palaeontologists and forensic scientists alike," said Dr Thomas Clements, who supervised the project, now based at Friedrich-Alexander-Universitat Erlangen-Nurnberg. "We can now watch decay within sediments, providing unprecedented insights into the processes that ultimately create fossils."

Perhaps the most explosive finding in this study was the ability to witness -- in high definition -- the dramatic buildup of decomposition gases inside the fish carcasses before they eventually pop. "We essentially created decaying fish fart surveillance," said Dr Cavicchini, "which sounds silly until you realise it's providing crucial insights into how internal cavities collapse during fossilisation."
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Palaeontologists discover 506-million-year-old predator | ScienceDaily
Palaeontologists at the Manitoba Museum and Royal Ontario Museum (ROM) have discovered a remarkable new 506-million-year-old predator from the Burgess Shale of Canada. The results are announced in a paper in the journal Royal Society Open Science.


						
Mosura fentoni was about the size of your index finger and had three eyes, spiny jointed claws, a circular mouth lined with teeth and a body with swimming flaps along its sides. These traits show it to be part of an extinct group known as the radiodonts, which also included the famous Anomalocaris canadensis, a meter-long predator that shared the waters with Mosura.

However, Mosura also possessed a feature not seen in any other radiodont: an abdomen-like body region made up of multiple segments at its back end.

"Mosura has 16 tightly packed segments lined with gills at the rear end of its body. This is a neat example of evolutionary convergence with modern groups, like horseshoe crabs, woodlice, and insects, which share a batch of segments bearing respiratory organs at the rear of the body," says Joe Moysiuk, Curator of Palaeontology and Geology at the Manitoba Museum, who led the study.

The reason for this intriguing adaptation remains uncertain, but the researchers postulate it may be related to particular habitat preference or behavioural characteristics of Mosura that required more efficient respiration.

With its broad swimming flaps near its midsection and narrow abdomen, Mosura was nicknamed the "sea-moth" by field collectors based on its vague appearance to a moth. This inspired its scientific name, which references the fictional Japanese kaiju also known as Mothra. Only distantly related to real moths -- as well as spiders, crabs, and millipedes -- Mosura belongs on a much deeper branch in the evolutionary tree of these animals, collectively known as arthropods.

"Radiodonts were the first group of arthropods to branch out in the evolutionary tree, so they provide key insight into ancestral traits for the entire group. The new species emphasizes that these early arthropods were already surprisingly diverse and were adapting in a comparable way to their distant modern relatives." says study co-author Jean-Bernard Caron, Richard M. Ivey Curator of Invertebrate Palaeontology at ROM.




Several fossils of Mosura additionally show details of internal anatomy, including elements of the nervous system, circulatory system, and digestive tract.

"Very few fossil sites in the world offer this level of insight into soft internal anatomy. We can see traces representing bundles of nerves in the eyes that would have been involved in image processing, just like in living arthropods. The details are astounding," Caron adds.

Instead of having arteries and veins like we do, Mosura had an "open" circulatory system, with its heart pumping blood into large internal body cavities called lacunae. These lacunae are preserved as reflective patches that fill the body and extend into the swimming flaps in the fossils.

"The well-preserved lacunae of the circulatory system in Mosura help us to interpret similar, but less clear features that we've seen before in other fossils. Their identity has been controversial," adds Moysiuk, who is also a Research Associate at ROM. "It turns out that preservation of these structures is widespread, confirming the ancient origin of this type of circulatory system."

Of the 61 fossils of Mosura, all except one were collected by ROM between 1975 and 2022, mostly from the Raymond Quarry in Yoho National Park, British Columbia. Some also came from new areas around Marble Canyon in Kootenay National Park, 40 km to the southeast, which have revealed spectacular new Burgess Shale fossils, including other radiodonts: Stanleycaris, Cambroraster and Titanokorys. One previously unpublished specimen of Mosura was also studied that had been collected by Charles Walcott, the discoverer of the Burgess Shale.

"Museum collections, old and new, are a bottomless treasure trove of information about the past. If you think you've seen it all before, you just need to open up a museum drawer," Moysiuk says.

The Burgess Shale fossil sites are located within Yoho and Kootenay National Parks and are managed by Parks Canada. Parks Canada is proud to work with leading scientific researchers to expand knowledge and understanding of this key period of Earth's history and to share these sites with the world through award-winning guided hikes. The Burgess Shale was designated a UNESCO World Heritage Site in 1980 due to its outstanding universal value and is now part of the larger Canadian Rocky Mountain Parks World Heritage Site.

Many radiodont fossils can be seen on display in ROM's Willner Madge Gallery, Dawn of Life, in Toronto, and a specimen of Mosura will be exhibited for the first time at the Manitoba Museum in Winnipeg later this year.

For 50 years, ROM has been at the forefront of Burgess Shale research, uncovering dozens of new fossil sites and species. Located in the Canadian Rocky Mountain Parks of British Columbia, the Burgess Shale fossils are exceptionally preserved and provide one of the best records of marine life during the Cambrian period anywhere.
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Researchers develop living material from fungi | ScienceDaily
Sustainably produced, biodegradable materials are an important focus of modern materials science. However, when working natural materials such as cellulose, lignin or chitin, researchers face a trade-off. Although these substances are biodegradable in their pure form, they are often not ideal when it comes to performance. Chemical processing steps can be used to make them stronger, more resistant or more supple -- but in doing so, their sustainability is often compromised.


						
Empa researchers from the Cellulose and Wood Materials laboratory have now developed a bio-based material that cleverly avoids this compromise. Not only is it completely biodegradable, it is also tear-resistant and has versatile functional properties. All this with minimal processing steps and without chemicals -- you can even eat it. Its secret: It's alive.

Optimized by nature

As the basis for their novel material, the researchers used the mycelium of the split-gill mushroom, a widespread edible fungus that grows on dead wood. Mycelia are root-like filamentous fungal structures that are already being actively researched as potential sources of materials. Normally, the mycelial fibers -- known as hyphae -- are cleaned and, if necessary, chemically processed, which brings about the above-mentioned trade-off between performance and sustainability.

The Empa researchers chose a different approach. Instead of treating the mycelium, they use it as a whole. As it grows, the fungus not only forms hyphae, but also a so-called extracellular matrix: a network of various fiber-like macromolecules, proteins and other biological substances that the living cells secrete. "The fungus uses this extracellular matrix to give itself structure and other functional properties. Why shouldn't we do the same?" explains Empa researcher Ashutosh Sinha. "Nature has already developed an optimized system," adds Gustav Nystrom, head of the Cellulose and Wood Materials lab.

With a bit of additional optimization, the researchers gave nature a helping hand. From the enormous genetic diversity of the split-gill, they selected a strain that produces particularly high levels of two specific macromolecules: the long-chain polysaccharide schizophyllan and the soap-like protein hydrophobin. Due to their structure, hydrophobins collect at interfaces between polar and apolar liquids, for example water and oil. Schizophyllan is a nanofiber: less than a nanometer thick, but more than a thousand times as long. Together, these two biomolecules give the living mycelium material properties that make it suitable for a wide range of applications.

A living emulsifier

The researchers demonstrated the versatility of their material in the laboratory. In their study, which was published recently in the journal Advanced Materials, they showcased two possible applications for the living material: a plastic-like film and an emulsion. Emulsions are mixtures of two or more liquids that normally do not mix. All you have to do to see an example is open the fridge: Milk, salad dressing or mayonnaise are all emulsions. And various cosmetics, paints and varnishes also take the form of emulsions.




One challenge is to stabilize such mixtures so that they do not separate into the individual liquids over time. This is where the living mycelium shows its strengths: Both the schizophyllan fibers and the hydrophobins act as emulsifiers. And the fungus keeps releasing more of these molecules. "This is probably the only type of emulsion that becomes more stable over time," says Sinha. Both the fungal filaments themselves and their extracellular molecules are completely non-toxic, biologically compatible and edible -- the split-gill mushroom is routinely eaten in many parts of the world. "Its use as an emulsifier in the cosmetics and food industry is therefore particularly interesting," says Nystrom.

From compost bags to batteries

The living fungal network is also suitable for classic material applications. In a second experiment, the researchers manufactured the mycelium into thin films. The extracellular matrix with its long schizophyllan fibers gives the material very good tensile strength, which can be further enhanced by targeted alignment of the fungal and polysaccharide fibers within it.

"We combine the proven methods for processing fiber-based materials with the emerging field of living materials," explains Nystrom. Sinha adds: "Our mycelium is a living fiber composite, so to speak." The researchers can control the fungal material's properties by changing the conditions under which the fungus grows. It would also be conceivable to use other fungal strains or species that produce other functional macromolecules.

Working with the living material also presents certain challenges. "Biodegradable materials always react to their environment," says Nystrom. "We want to find applications where this interaction is not a hindrance but maybe even an advantage." However, its biodegradability is only part of the story for the mycelium. It is also a biodegrader: The split-gill mushrooms can actively decompose wood and other plant materials. Sinha sees another potential application here: "Instead of compostable plastic bags, it could be used to make bags that compost the organic waste themselves," says the researcher.

There are also promising applications for the mycelium in the field of sustainable electronics. For example, the fungal material shows a reversible reaction to moisture and could be used to produce biodegradable moisture sensors. Another application that Nystrom's team is currently working on combines the living material with two other research projects from the Cellulose and Wood Materials laboratory: the fungal biobattery and the paper battery. "We want to produce a compact, biodegradable battery whose electrodes consist of a living 'fungal paper'," says Sinha.
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Remote particle measurement via quantum entanglement | ScienceDaily
Quantum physics keeps challenging our intuition. Researchers at the University of Geneva (UNIGE) have shown that joint measurements can be carried out on distant particles, without the need to bring them together. This breakthrough relies on quantum entanglement -- the phenomenon that links particles across distance as if connected by an invisible thread. The discovery opens up exciting prospects for quantum communication and computing, where information becomes accessible only once it is measured. The team has also compiled a ''catalogue'' classifying different types of measurements and the number of entangled particles required for each. The study is published in Physical Review X.


						
By breaking away from the laws of classical physics, quantum physics has opened the door to describing the behaviour of atoms and particles. This science, which explores the most fundamental building blocks of nature, relies in particular on the ability to measure their individual and collective properties. But such measurements are notoriously challenging: the instruments used are themselves governed by quantum laws, and their interaction with particles can alter the very properties they are meant to observe.

"The field of quantum measurements is still poorly understood because it has received little attention so far. Until now, research has mainly focused on the states of quantum systems themselves, which feature properties -- like entanglement or superposition -- that are more directly applicable to areas such as quantum cryptography or quantum computing," explains Alejandro Pozas Kerstjens, Senior Research and Teaching Assistant in the Department of Applied Physics, Physics Section, at the UNIGE Faculty of Science.

Particles linked by an invisible thread

These measurements are essential for the development of future technologies such as quantum communication, which relies on encoding information into, for instance, particles of light (photons). To access this information, the particles must first be measured. A central question is whether it's possible to perform a joint measurement on two or more separate particles -- each carrying part of the information -- without physically bringing them together.

In a new study, a team from the UNIGE Department of Physics composed of Jef Pauwels, Alejandro Pozas Kerstjens, Flavio Del Santo, and Nicolas Gisin, demonstrates that certain simple yet fundamental measurements can be performed on separate particle systems, as long as the measurement devices share entangled particles. Entanglement, a cornerstone of quantum physics, links two or more particles so that the state of one instantly determines the state of the other. Measuring one particle immediately reveals the corresponding property in the other, regardless of the distance between them.

"However, there's a twist: depending on their complexity, some measurements require more -- or fewer -- entangled particles to be performed properly," explains Alejandro Pozas Kerstjens. To address this, the research team has developed a classification system -- a kind of catalogue -- that maps out different types of measurements and the entanglement resources needed to carry them out.

Promising applications

These results represent a step toward a more systematic understanding of measurements in quantum systems. They could find applications not only in quantum communication but also in quantum computing. For instance, in classical computer simulations, calculations are split across multiple machines, and the results are then brought together. A similar approach is being considered for quantum computers, but here, reading the results involves performing measurements across several machines.

"Thanks to our joint remote measurement protocols, it would be possible to eliminate the need for centralization: each quantum computer would measure its own part, and the overall result could be reconstructed without any physical transfer of data. This is a promising direction that we plan to explore further," concludes the researcher.
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Astrophysicists explore our galaxy's magnetic turbulence in unprecedented detail using a new computer model | ScienceDaily
Astronomers have developed a groundbreaking computer simulation to explore, in unprecedented detail, magnetism and turbulence in the interstellar medium (ISM) -- the vast ocean of gas and charged particles that lies between stars in the Milky Way Galaxy.


						
Described in a new study published today in Nature Astronomy, the model is the most powerful to date, requiring the computing capability of the SuperMUC-NG supercomputer at the Leibniz Supercomputing Centre in Germany. It directly challenges our understanding of how magnetized turbulence operates in astrophysical environments.

James Beattie, the paper's lead author and a postdoctoral researcher at the Canadian Institute for Theoretical Astrophysics (CITA) at the University of Toronto, is hopeful the model will provide new insights into the ISM, the magnetism of the Milky Way Galaxy as whole, and astrophysical phenomenon such as star formation and the propagation of cosmic rays.

"This is the first time we can study these phenomena at this level of precision and at these different scales," he says.

The paper was co-authored with researchers from Princeton University; Australian National University; the Australian Research Council Center of Excellence in All Sky Astrophysics; Universitat Heidelberg; the Center for Astrophysics, Harvard & Smithsonian; Harvard University; and the Bavarian Academy of Sciences and Humanities.

"Turbulence remains one of the greatest unsolved problems in classical mechanics," says Beattie, who also holds a joint appointment at Princeton University. "This despite the fact that turbulence is ubiquitous: from swirling milk in our coffee to chaotic flows in the oceans, solar wind, interstellar medium, even the plasma between galaxies.

"The key distinction in astrophysical environments is the presence of magnetic fields, which fundamentally alter the nature of turbulent flows."

While there are far, far fewer particles in interstellar space than in ultra-high vacuum experiments on Earth, their motions are enough to generate a magnetic field, not unlike how the motion of our planet's molten core generates the Earth's magnetic field.




And while the galactic magnetic field is a few million times weaker than a fridge magnet, it is nonetheless one of the forces that shapes the cosmos.

The largest version of Beattie's model is a cube 10,000 units per dimension, that provides much greater detail than previous models. In addition to its high resolution, the model is scalable and can simulate at its largest, a volume of space some 30 light-years on a side; at its smallest, it can be scaled down by a factor of some 5000.

At its largest, the model can improve our understanding of the Milky Way Galaxy's overall magnetic field. When scaled down, it will help astronomers better understand more "compact" processes like the solar wind that streams outward from the Sun and greatly affects the Earth.

Because of its higher resolution, the model also has the potential to provide a deeper understanding of star formation. "We know that magnetic pressure opposes star formation by pushing outward against gravity as it tries to collapse a star-forming nebula," says Beattie. "Now we can quantify in detail what to expect from magnetic turbulence on those kinds of scales."

In addition to its higher resolution and scalability, the model also marks a significant advance by simulating the dynamic changes in the density of the ISM -- from an incredibly tenuous near-vacuum to the higher densities found in star-forming nebulas.

"What our simulation captures really well," says Beattie, "is the extreme changes in density of the ISM, something previous models hadn't taken into account."

As he develops the next generation of the model with, among other features even higher resolution, Beattie is also testing his simulation against data collected from observations of the sun-Earth system.




"We've already begun testing whether the model matches existing data from the solar wind and the Earth -- and it's looking very good," says Beattie. "This is very exciting because it means we can learn about space weather with our simulation. Space weather is very important because we're talking about the charged particles that bombard satellites and humans in space and have other terrestrial effects."

According to Beattie, the new model comes at a time of growing interest in astrophysical turbulence, as well as burgeoning observations of the ISM. And as new instruments such as the Square Kilometre Array (SKA) come online -- with the ability to measure fluctuations in turbulent magnetic fields across the galaxy in great detail -- accurate theoretical frameworks like his for interpreting magnetic turbulence will become even more critical.

One of the things that draws Beattie to this research is its elegant consistency -- from intergalactic plasma to the swirl in a cup of coffee.

"I love doing turbulence research because of its universality," says Beattie. "It looks the same whether you're looking at the plasma between galaxies, within galaxies, within the solar system, in a cup of coffee or in Van Gogh's The Starry Night.

"There's something very romantic about how it appears at all these different levels and I think that's very exciting."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250513112254.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



AI meets the conditions for having free will -- we need to give it a moral compass | ScienceDaily
AI is advancing at such speed that speculative moral questions, once the province of science fiction, are suddenly real and pressing, says Finnish philosopher and psychology researcher Frank Martela.


						
Martela's latest study finds that generative AI meets all three of the philosophical conditions of free will -- the ability to have goal-directed agency, make genuine choices and to have control over its actions. It will be published in the journal AI and Ethics on Tuesday.

Drawing on the concept of functional free will as explained in the theories of philosophers Daniel Dennett and Christian List, the study examined two generative AI agents powered by large language models (LLMs): the Voyager agent in Minecraft and fictional 'Spitenik' killer drones with the cognitive function of today's unmanned aerial vehicles. 'Both seem to meet all three conditions of free will -- for the latest generation of AI agents we need to assume they have free will if we want to understand how they work and be able to predict their behaviour,' says Martela. He adds that these case studies are broadly applicable to currently available generative agents using LLMs.

This development brings us to a critical point in human history, as we give AI more power and freedom, potentially in life or death situations. Whether it is a self-help bot, a self-driving car or a killer drone -- moral responsibility may move from the AI developer to the AI agent itself.

'We are entering new territory. The possession of free will is one of the key conditions for moral responsibility. While it is not a sufficient condition, it is one step closer to AI having moral responsibility for its actions,' he adds. It follows that issues around how we 'parent' our AI technology have become both real and pressing.

'AI has no moral compass unless it is programmed to have one. But the more freedom you give AI, the more you need to give it a moral compass from the start. Only then will it be able to make the right choices,' Martela says.

The recent withdrawal of the latest ChatGPT update due to potentially harmful sycophantic tendencies is a red flag that deeper ethical questions must be addressed. We have moved beyond teaching the simplistic morality of a child.

'AI is getting closer and closer to being an adult -- and it increasingly has to make decisions in the complex moral problems of the adult world. By instructing AI to behave in a certain way, developers are also passing on their own moral convictions to the AI. We need to ensure that the people developing AI have enough knowledge about moral philosophy to be able to teach them to make the right choices in difficult situations,' says Martela.
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Echidna microbiome changes while mums nurse puggle | ScienceDaily
Research from the University of Adelaide shows microbial communities in echidna pseudo-pouches undergo dramatic changes while the animal is lactating, which could help in creating an environment for their young, known as puggles, to thrive.


						
Echidnas are monotremes, which are the only mammals that lay eggs. The early developmental stage at which they hatch from their egg means that the puggles lack a functioning immune system.

"We know the reproductive microbiome is important to infant health, including for humans, but little is known about how it functions in egg-laying monotremes," says the University of Adelaide's Isabella Wilson, whose study was published in FEMS Microbiology Ecology.

"Instead of picking up vaginal microbiota during delivery like other mammals, echidnas are shielded by the eggshell and don't come into direct contact with the cloaca."

The first few weeks of life are critical for puggles, as they hatch at an early developmental stage. They continue to grow in the pseudo-pouch, which is created from the contraction of abdominal muscles and disappears when a female is not nursing.

"We investigated changes in the echidna pseudo-pouch microbiota during different stages of the reproductive cycle and found that during lactation pseudo-pouch microbial communities show significant differences in composition compared with samples taken outside of breeding season or during courtship and mating," Wilson says.

"This suggests that the echidna pseudo-pouch environment changes during lactation to accommodate young that lack a functional adaptive immune system."

The way puggles suckle may contribute to the shift in microbes.




"Another unique aspect of echidna biology is that they lack nipples. Instead of suckling like other species, the puggle rubs its beak against a part of the pseudo-pouch called the milk patch, causing milk to come out of the skin, sort of like a sweat or oil gland," says Wilson.

"We think that compounds within the milk and from the skin probably contribute to the changes we see in the pseudo-pouch microbiota during lactation."

Echidnas are commonly held in zoos in Australia and around the world. Previous work from the same research group showed big differences in the gut microbiome between echidnas in zoos and in the wild.

"We were surprised to find no major difference in the pseudo-pouch between zoo-managed and wild animals, which suggests to us that the milk, rather than external environmental factors like captivity, is what primarily shapes the bacterial landscape of the pseudo-pouch," Wilson says.

"For conservation in the wild, and in breeding programs, we need to learn more about the bacteria found in echidna pseudo-pouches and better understand how these affect echidna health."
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Flamingos create water tornados to trap their prey | ScienceDaily
Flamingos standing serenely in a shallow alkaline lake with heads submerged may seem to be placidly feeding, but there's a lot going on under the surface.


						
Through studies of Chilean flamingos in the Nashville Zoo and analysis of 3D printed models of their feet and L-shaped bills, researchers have documented how the birds use their feet, heads and beaks to create a storm of swirling tornados, or vortices, in the water to efficiently concentrate and slurp up their prey.

"Flamingos are actually predators, they are actively looking for animals that are moving in the water, and the problem they face is how to concentrate these animals, to pull them together and feed," said Victor Ortega Jimenez, an assistant professor of integrative biology at the University of California, Berkeley, who specializes in biomechanics. "Think of spiders, which produce webs to trap insects. Flamingos are using vortices to trap animals, like brine shrimp."

Ortega Jimenez and collaborators at the Georgia Institute of Technology in Atlanta; Kennesaw State University in Marietta, Georgia (KSU-Marietta); and the Nashville Zoo will publish their findings this week in the journal Proceedings of the National Academy of Sciences.

The researchers found that flamingos use their floppy webbed feet to churn up the bottom sediment and propel it forward in whorls that the birds then draw to the surface by jerking their heads upward like plungers, creating mini tornados. All the while, the birds' heads remain upside down within the watery vortex, their angled beaks chattering to create smaller vortices that direct the sediment and food into their mouths, where it's strained out.

The beak of a flamingo is unique in being flattened on the angled front end, so that when the bird's head is upside down in the water, the flat portion is parallel to the bottom. This allows the flamingo to employ another technique called skimming. This involves using its long, S-shaped neck to push its head forward while rapidly clapping its beak, creating sheet-like vortices -- von Karman vortices -- that trap prey.

This suite of active feeding behaviors belie the flamingo's reputation as a passive filter feeder, Ortega Jimenez said.




"It seems like they are filtering just passive particles, but no, these animals are actually taking animals that are moving," he said.

The principles he discovered could be used to design better systems for concentrating and sucking up tiny particles, such as microplastics, from water; better self-cleaning filters, based on chattering; or robots that, like flamingos, can walk and run in mud.

Chattering

Ortega Jimenez, a native of Puebla, Mexico, became fascinated with the feeding behavior of flamingos during a visit to Zoo Atlanta with his wife and daughter before the COVID-19 pandemic. Filming the birds' feeding behavior, he observed only ripples on the surface.

"We don't know anything about what is happening inside. That was my question," he said.

At the time a postdoctoral fellow at Kennesaw State University in Georgia, Ortega Jimenez focused on flamingo feeding as his next research project. He views himself, he said, as a modern-day Darwinian naturalist, investigating the behavior of animals of all types, from nematodes and flies to springtails and birds, focusing on how the animals interact with and manipulate their surroundings, including air, water and electromagnetic fields.




From Kennesaw State he moved to the Georgia Institute of Technology to work in the lab of Saad Bhamla, where he collaborated with engineers, and they gained access to Chilean flamingos at the Nashville Zoo. The team filmed them feeding in a large tray, using a laser to illuminate gas bubbles in the water in order to see the vortices created by the heads and beaks of the animals.

After moving to the University of Maine in Orono as an assistant professor, Ortega Jimenez refined 3D printed models of a flamingo beak and foot to study more precisely the movement of water and particles during the beak clapping, or "chattering," that the birds use when eating.

In 2024, he moved again, to UC Berkeley, where he conducted experiments to see how effective the chattering and foot stomping was in capturing live brine shrimp. The new paper summarizes all of this collaborative work.

At UC Berkeley, he attached a real flamingo beak to an actuator to simulate chattering and added a small pump in the mouth to simulate the tongue and suck up the brine shrimp captured by the mouth. With this setup, he was able to establish that chattering is key to flamingo feeding.

"The chattering actually is increasing seven times the number of brine shrimp passing through the tube," he said. "So it's clear that the chattering is enhancing the number of individuals that are captured by the beak."

Stomp Dancing

The feeding behavior begins with the feet, Ortega Jimenez said. If you look at a flamingo in very shallow water, you can often see its dancing-in-place or circular dancing behavior.

The feet are webbed, but as with many wading birds, they are floppy, so that when the bird lifts a foot, the webbing collapses and comes away from the bottom without the suction that makes it hard for humans to walk in mud. When walking or running, flamingos seem to slide their feet into the water instead of stomping, a technique that could help robots walk in water or mud.

Ortega Jimenez created models of both rigid and flexible flamingo feet to compare how the two designs affect fluid flow, and he found that the floppy feet are much more effective at pushing vortices of sediment out in front of each step. Rigid webbing primarily produces turbulence.

Creating a 3D model of the L-shaped beak, he was able to show that pulling the head straight upward in the water creates a vortex swirling around a vertical axis, again concentrating particles of food. He measured the head speed at about 40 centimeters per second (1.3 feet per second). The small tornados were strong enough to entrap even agile invertebrates, such as brine shrimp and the microscopic crustaceans called copepods.

Chattering also creates vortices around the beak. In this case, the flamingo keeps its upper beak stationary, though it is capable of independent motion, and moves only the lower beak -- about 12 times per second during chattering, Ortega Jimenez discovered.

Tien Yee, a co-author of the paper and a professor at KSU-Marrieta, employed computational fluid dynamics to simulate on a computer the 3D flow around the beak and the feet. He confirmed that the vortices do indeed concentrate particles, similar to experiments using a 3D-printed head in a flume with both actively swimming brine shrimp and passively floating brine shrimp eggs.

"We observed when we put a 3D printed model in a flume to mimic what we call skimming, they are producing symmetrical vortices on the sides of the beak that recirculate the particles in the water so they actually get into the beak," Ortega Jimenez said. "It's this trick of fluid dynamics."

His next projects are to determine the role of the flamingo's piston-like tongue and how the comb-like edges of the beak filter prey out of briny and sometimes toxic water.

"Flamingos are super-specialized animals for filter feeding," he said. "It's not just the head, but the neck, their legs, their feet and all the behaviors they use just to effectively capture these tiny and agile organisms."

In addition to Yee, other co-authors of the paper are postdoctoral fellow Pankaj Rohilla, graduate student Benjamin Seleb and Professor Saad Bhamla at Georgia Tech; and Jake Belair of the Nashville Zoo in Tennessee. The work was supported by grants from the National Science Foundation (NSF CAREER iOS-1941933), and the Open Philanthropy Project to Bhamla, and from the University of Maine and UC Berkeley to Ortega Jimenez.
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From prehistoric resident to runaway pet: First tegu fossil found in the U.S. | ScienceDaily
Originally from South America, the charismatic tegu made its way to the United States via the pet trade of the 1990s. After wreaking havoc in Florida's ecosystems, the exotic lizard was classified as an invasive species. But a recent discovery from the Florida Museum of Natural History reveals the reptiles are no strangers to the region -- tegus were here millions of years before their modern relatives arrived in pet carriers.


						
Described in a new study in the Journal of Paleontology, this breakthrough came from a single, half-inch-wide vertebra fossil that was unearthed in the early 2000s and puzzled scientists for the next 20 years. Jason Bourque, now a fossil preparator in the museum's vertebrate paleontology division, came across the peculiar fossil in the museum's collection freshly out of graduate school.

"We have all these mystery boxes of fossil bones, so I was digging through, and I kept coming across this one vertebra," Bourque said. "I could not figure out what it was. I put it away for a while. Then I'd come back and say: Is it a lizard? Is it a snake? In the back of my mind for years and years, it just sat there."

The vertebra had been found in a fuller's earth clay mine just north of the Florida border, after a tipoff from the local work crew prompted a visit from the museum's paleontologists. There was just one catch: The mine was slated to close, and its quarry, along with any exposed fossils, would soon be filled in. Working against a deadline, the scientists excavated as many fossils as they could and brought them back to the museum, where the vertebra sat in storage, its identity unresolved.

Years later, Bourque stumbled across an image of tegu vertebrae while looking through studies for a new research paper. "I saw the tegu, and I just knew right away that's what this fossil was," Bourque said.

Today, tegus are of particular interest to Florida's wildlife biologists and conservationists. Their bold patterns and docile attitudes make them attractive pets, but that often changes once they reach nearly 5 feet in length and weigh 10 pounds. Exotic pets have a knack for slipping free -- or being released -- into the wild, where they can take a heavy toll on native ecosystems. This is the case with modern tegus in Florida.

But until this point, there was no record of prehistoric tegus in North America. Bourque needed evidence to back up his revelation. Paleontologists typically work with multiple bones to identify an animal, but Bourque just had a single vertebra. He recruited his colleague, Edward Stanley, director of the museum's digital imaging laboratory, who saw an opportunity to try out a new, machine learning technique -- one that doesn't rely on a paleontologist's decades of specialized knowledge.




With a CT scan of the unidentified fossil, Stanley carefully measured and landmarked each bump, hole and furrow of the fossil. Next, he needed vertebrae from other tegus and related lizards for comparison. Fortunately, the team had access to an abundance of specimens thanks to the museum's openVertebrate (oVert) project, a free, online collection of thousands of 3D images of vertebrates. Instead of measuring these images by hand, Stanley used a technique developed by Arthur Porto, the museum's curator of artificial intelligence for natural history and biodiversity, to automatically recognize and fit the corresponding landmarks onto more than 100 vertebrae images from the database. By comparing the data of all their shapes, he determined the fossil matched the other tegus and pinpointed its original position to the middle of the lizard's spinal column.

While the fossil was unmistakably a tegu vertebra, it wasn't an exact match with any of the specimens in the database. This meant the team had uncovered a news species, which they named Wautaugategu formidus. Wautauga is the name of a forest near the mine where the fossil was discovered. Although the word's origin is unclear, it is thought to mean "land of the beyond," which Bourque and Stanley found fitting for the long-extinct species, that, despite having ancestral ties to South America, ended up in present-day Georgia.

"Formidus," a Latin word meaning "warm," alludes to the reason these lizards likely wound up in the southeastern United States in the first place. The fossil is from the Middle Miocene Climatic Optimum, a particularly warm period in Earth's geologic history. At the time, sea levels were significantly higher than today, and with most of Florida underwater, the historic coastline would have been near the site of the fossil bed. Tegus are terrestrial lizards, but they are strong swimmers. The warm climate may have tempted them to travel from South America into present-day Georgia, but the region did not remain hospitable for long.

"We don't have any record of these lizards before that event, and we don't have any records of them after that event. It seems they were here just for a blip, during that really warm period," Bourque said.

The tegus would likely have struggled and ultimately disappeared as global temperatures cooled. Like other egg-laying animals, their reproduction is highly dependent on temperature, and the cold may have limited their ability to produce or hatch eggs.

Finding more tegu fossils may help demystify the prehistoric lizard's brief stint in North America. "I'm ready to go up to the Panhandle and try to find more fossil sites along the ancient coastal ridge near the Florida-Georgia border," Bourque said.

Stanley, meanwhile, hopes the next find won't languish in storage. The combination of 3D modeling and artificial intelligence to identify fossils without relying on decades of specialized knowledge could dramatically speed up the process. With open access to data worldwide, it could even lead to a global database for fossil identification.

"There are boxes full, shelves full, of fossils that are unsorted because it requires a huge amount of expertise to identify these things, and nobody has time to look through them comprehensively," Stanley said. "This is a first step towards some of that automation, and it's very exciting see where it goes from here."
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Submarine robot catches an underwater wave | ScienceDaily
Small autonomous underwater vehicles, like the drones of the sea, could be very useful for studying the depths of the ocean and monitoring its changing conditions. But such nautical mini bots can be easily overpowered by turbulent ocean currents.


						
Caltech scientists led by John Dabiri (PhD '05), the Centennial Professor of Aeronautics and Mechanical Engineering, have been taking advantage of the natural ability of jellyfish to traverse and plumb the ocean, outfitting them with electronics and prosthetic "hats" with which the creatures can carry small payloads on their nautical journeys and report their findings back to the surface. These bionic jellyfish must contend with the ebb and flow of the currents they encounter, but the brainless creatures do not make decisions about how best to navigate to a destination, and once they are deployed, they cannot be remotely controlled.

"We know that augmented jellyfish can be great ocean explorers, but they don't have a brain," Dabiri says. "So, one of the things we've been working on is developing what that brain would look like if we were to imbue these systems with the ability to make decisions underwater."

Now Dabiri and his former graduate student Peter Gunnarson (PhD '24), who is now at Brown University, have figured out a way to simplify that decision-making process and help a robot, or potentially an augmented jellyfish, catch a ride on the turbulent vortices created by ocean currents rather than fighting against them. The researchers recently published their findings in the journal PNAS Nexus.

For this work, Gunnarson returned to an old friend in the lab: CARL-Bot (Caltech Autonomous Reinforcement Learning roBot). Gunnarson built the CARL-Bot years ago as part of his work to begin incorporating artificial intelligence into such a bot's navigation technique. But Gunnarson recently figured out a simpler way than AI to have such a system make decisions underwater.

"We were brainstorming ways that underwater vehicles could use turbulent water currents for propulsion and wondered if, instead of them being a problem, they could be an advantage for these smaller vehicles," Gunnarson says.

Gunnarson wanted to understand exactly how a current pushes a robot around. He attached a thruster to the wall of a 16-foot-long tank in Dabiri's lab in the Guggenheim Aeronautical Laboratory on Caltech's campus in order to repeatedly generate what are called vortex rings -- basically the underwater equivalents of smoke rings. Vortex rings are a good representation of the types of disturbances an underwater explorer would encounter in the chaotic fluid flow of the ocean.




Gunnarson began using the CARL-Bot's single onboard accelerometer to measure how it was moving and being pushed around by vortex rings. He noticed that, every once in a while, the robot would get caught up in a vortex ring and be pushed clear across the tank. He and his colleagues started to wonder if the effect could be done intentionally.

To explore this, the team developed simple commands to help CARL detect a vortex ring's relative location and then position itself to, in Gunnarson's words, "hop on and catch a ride basically for free across the tank." Alternatively, the bot can decide to get out of the way of a vortex ring it does not want to get pushed by.

Dabiri points out that this process includes elements of biomimicry, stealing a page from nature's playbook. Soaring birds, for example, will often take advantage of strong winds to save energy rather than attempt to fly against them. Experiments have also shown that fish may allow themselves to be carried by the ocean's swirling currents to help conserve energy. However, in both natural cases, the systems are using relatively sophisticated sensory input and a brain to accomplish this.

"What Peter has figured out is that basically with a single sensor, this one accelerometer, and relatively simple control laws, we can achieve similar advantages in terms of using the energy in the environment to go from point A to point B," Dabiri says.

Looking to the future, Dabiri hopes to marry this work with his hybrid jellyfish. "With the jellyfish, we can have an onboard accelerometer measure how this system is getting pushed around," he says. "Hopefully, we can demonstrate a similar capability to take advantage of environmental flows to move more efficiently through the water."
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Universe decays faster than thought, but still takes a long time | ScienceDaily
The universe is decaying much faster than thought. This is shown by calculations of three scientists at Radboud University on the so-called Hawking radiation. They calculate that the last stellar remnants take about 10^78 years (a 1 with 78 zeros) to perish. That is much shorter than the previously postulated 10^1100 years (a 1 with 1100 zeros). The researchers publish their findings, with a wink and dead-seriously, in the Journal of Cosmology and Astroparticle Physics.


						
The research by black hole expert Heino Falcke, quantum physicist Michael Wondrak, and mathematician Walter van Suijlekom (all from Radboud University, Nijmegen, the Netherlands) is a follow-up to a 2023 paper by the same trio. In that paper, they showed that not only black holes, but also other objects such as neutron stars can 'evaporate' via a process akin to Hawking radiation. After that publication, the researchers received many questions from inside and outside the scientific community about how long the process would take. They have now answered this question in the new article.

Ultimate end

The researchers calculated that the end of the universe is about 10^78 years away (a 1 with 78 zeros), if only Hawking-like radiation is taken into account. This is the time it takes for white dwarf stars, the most persistent celestial bodies, to decay via Hawking-like radiation. Previous studies, which did not take this effect into account, put the lifetime of white dwarfs at 10^1100 years (a 1 with 1100 zeros). Lead author Heino Falcke: "So the ultimate end of the universe comes much sooner than expected, but fortunately it still takes a very long time."

The researchers did the calculations dead-seriously and with a wink. The basis is a reinterpretation of Hawking radiation. In 1975, physicist Stephen Hawking postulated that, contrary to the theory of relativity, particles and radiation could escape from a black hole. At the edge of a black hole, two temporary particles can form, and before they merge, one particle is sucked into the black hole and the other particle escapes. One of the consequences of this so-called Hawking radiation is that a black hole very slowly decays into particles and radiation. This contradicts Albert Einstein's theory of relativity, which says that black holes can only grow.

Neutron star as slow as black hole

The researchers calculated that the process of Hawking radiation theoretically also applies to other objects with a gravitational field. The calculations further showed that the 'evaporation time' of an object depends only on its density.




To the researchers' surprise, neutron stars and stellar black holes take the same amount of time to decay: 10^67 years. This was unexpected because black holes have a stronger gravitational field, which should cause them to 'evaporate' faster. "But black holes have no surface," says co-author and postdoctoral researcher Michael Wondrak, "They reabsorb some of their own radiation which inhibits the process."

Man and Moon: 10^90 years

Because the researchers were at it anyway, they also calculated how long it takes for the Moon and a human to evaporate via Hawking-like radiation. That's 10^90 years (a 1 with 90 zeros). Of course, the researchers subtly note, there are other processes that may cause humans and moon to disappear faster than calculated.

Co-author Walter van Suijlekom, professor of mathematics at Radboud University, adds that the research is an exciting collaboration of different disciplines and that combining astrophysics, quantum physics and mathematics leads to new insights. "By asking these kinds of questions and looking at extreme cases, we want to better understand the theory, and perhaps one day, we unravel the mystery of Hawking radiation."
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Astrophysicist searches for ripples in space and time in new way | ScienceDaily
University of Colorado Boulder astrophysicist Jeremy Darling is pursuing a new way of measuring the universe's gravitational wave background -- the constant flow of waves that churn through the cosmos, warping the very fabric of space and time.


						
The research, published in The Astrophysical Journal Letters, could one day help to unlock some of the universe's deepest mysteries, including how gravity works at its most fundamental level.

"There is a lot we can learn from getting these precise measurements of gravitational waves," said Darling, professor in the Department of Astrophysical and Planetary Sciences. "Different flavors of gravity could lead to lots of different kinds of gravitational waves."

To understand how such waves work, it helps to picture Earth as a small buoy bobbing in a stormy ocean.

Darling explained that, throughout the history of the universe, countless supermassive black holes have engaged in a volatile dance: These behemoths spiral around each other faster and faster until they crash together. Scientists suspect that the resulting collisions are so powerful they, literally, generate ripples that spread out into the universe.

This background noise washes over our planet all the time, although you'd never know it. The kinds of gravitational waves that Darling seeks to measure tend to be very slow, passing our planet over the course of years to decades.

In 2023, a team of scientists belonging to the NANOGrav collaboration achieved a coup by measuring that cosmic wave pool. The group recorded how the universe's gravitational wave background stretched and squeezed spacetime, affecting the light coming to Earth from celestial objects known as pulsars, which act somewhat like cosmic clocks.




But those detailed measurements only captured how gravitational waves move in a single direction -- akin to waves flowing directly toward and away from a shoreline. Darling, in contrast, wants to see how gravitational waves also move from side-to-side and up and down compared to Earth.

In his latest study, the astrophysicist got help from another class of celestial objects: quasars, or unusually bright, supermassive black holes sitting at the centers of galaxies. Darling searches for signals from gravitational waves by precisely measuring how quasars move compared to each other in the sky. He hasn't spotted those signals yet, but that could change as more data become available.

"Gravitational waves operate in three dimensions," Darling said. "They stretch and squeeze spacetime along our line of sight, but they also cause objects to appear to move back and forth in the sky."

Galaxies in motion

The research drills down on the notoriously tricky task of studying how celestial objects move, a field known as astrometry.

Darling explained that quasars rest millions of light-years or more from Earth. As the glow from these objects speeds toward Earth, it doesn't necessarily proceed in a straight line. Instead, passing gravitational waves will deflect that light, almost like a baseball pitcher throwing a curve ball.




Those quasars aren't actually moving in space, but from Earth, they might look like they are -- a sort of cosmic wiggling happening all around us.

"If you lived for millions of years, and you could actually observe these incredibly tiny motions, you'd see these quasars wiggling back and forth," Darling said.

Or that's the theory. In practice, scientists have struggled to observe those wiggles. In part, that's because these motions are hard to observe, requiring a precision 10 times greater than it would take to watch a human fingernail growing on the moon from Earth. But our planet is also moving through space. Our planet orbits the sun at a speed of roughly 67,000 miles per hour, and the sun itself is hurtling through space at a blistering 850,000 miles per hour.

Detecting the signal from gravitational waves, in other words, requires disentangling Earth's own motion from the apparent motion of quasars. To begin that process, Darling drew on data from the European Space Agency's Gaia satellite. Since Gaia's launch in 2013, its science team has released observations of more than a million quasars over about three years.

Darling took those observations, split the quasars into pairs, then carefully measured how those pairs moved relative to each other.

His findings aren't detailed enough yet to prove that gravitational waves are making quasars wiggle. But, Darling said, it's an important search -- unraveling the physics of gravitational waves, for example, could help scientists understand how galaxies evolve in our universe and help them test fundamental assumptions about gravity.

The astrophysicist could get some help in that pursuit soon. In 2026, the Gaia team plans to release five-and-a-half more years of quasar observations, providing a new trove of data that might just reveal the secrets of the universe's gravitational wave background.

"If we can see millions of quasars, then maybe we can find these signals buried in that very large dataset," he said.
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Your fingers wrinkle in the same pattern every time you're in the water for too long | ScienceDaily
Do your wrinkles always form in the same pattern every time you're in the water for too long? According to new research from Binghamton University, State University of New York, the answer is yes.


						
A couple of years ago, Binghamton University Associate Professor Guy German published research about why human skin wrinkles when you stay in the water too long. Received wisdom held that the water swelled your skin and made your fingers wrinkly, but little to no research had been done to prove that.

What German and his team at the Biological Soft Matter Mechanics Laboratory found is that blood vessels beneath the skin actually contract after prolonged immersion, and that's where the wrinkles come from.

He wrote about the research for The Conversation as part of its Curious Kids feature. One of the follow-up questions stumped him, though.

"A student asked, 'Yeah, but do the wrinkles always form in the same way?' And I thought: I haven't the foggiest clue!" said German, a faculty member at the Thomas J. Watson College of Engineering and Applied Science's Department of Biomedical Engineering. "So it led to this research to find out."

In a paper recently published in the Journal of the Mechanical Behavior of Biomedical Materials, German and Rachel Laytin '23, MS '24, show that, yes, the topography patterns remain constant after multiple immersions.

"Blood vessels don't change their position much -- they move around a bit, but in relation to other blood vessels, they're pretty static," German said. "That means the wrinkles should form in the same manner, and we proved that they do."

The research put subjects' fingers in water for 30 minutes, taking photos and then repeating the immersion under the same conditions at least 24 hours later. By comparing the images, German and Laytin found the same patterns of raised loops and ridges after both immersions.




They also made an interesting side discovery: "We've heard that wrinkles don't form in people who have median nerve damage in their fingers," German said. "One of my students told us, 'I've got median nerve damage in my fingers.' So we tested him -- no wrinkles!"

As much fun as it was to figure out something a child asked, the research also could have real-world applications in forensics, such as fingerprinting at crime scenes and identifying bodies found after prolonged water exposure. German's father, a retired U.K. police officer, faced some of these challenges during his law enforcement career.

"Biometrics and fingerprints are built into my brain," he said. "I always think about this sort of stuff, because it's fascinating."

German is eager to further explore questions about skin immersion with his students: "I feel like a kid in a candy store, because there's so much science here that I don't know. We thank the people at The Conversation and the wonderful question they asked us, because does it create cool new science."
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Urine, not water for efficient production of green hydrogen | ScienceDaily
Researchers have developed two unique energy-efficient and cost-effective systems that use urea found in urine and wastewater to generate hydrogen.


						
The unique systems reveal new pathways to economically generate 'green' hydrogen, a sustainable and renewable energy source, and the potential to remediate nitrogenous waste in aquatic environments.

Typically, hydrogen is generated through the use of electrolysis to split water into oxygen and hydrogen. It is a promising technology to help address the global energy crisis, but the process is energy intensive, which renders it cost-prohibitive when compared to extracting hydrogen from fossil fuels (grey hydrogen), itself an undesirable process because of the carbon emissions it generates.

In contrast to water, an electrolysis system that generates hydrogen from urea uses significantly less energy.

Despite this advantage, existing urea-based systems face several limitations, such as the low amounts of hydrogen that are able to be extracted and the generation of undesirable nitrogenous by-products (nitrates and nitrites) that are toxic and compete with hydrogen production, further reducing overall system efficiency.

Researchers from the Australian Research Council Centre of Excellence for Carbon Science and Innovation (COE-CSI) and the University of Adelaide have developed two urea-based electrolysis systems that overcome these problems and can generate green hydrogen at a cost that they have calculated is comparable or cheaper than the cost of producing grey hydrogen.

The research for each system was published in separate papers, one in the journal Angewandte Chemie International Edition, the other in Nature Communications. PhD candidate Xintong Gao was first author on the Angewandte Chemie International Edition paper and is from the University's team headed by COE-CSI Chief Investigator, Professor Yao Zheng and Professor Shizhang Qiao, Deputy Director and Chief Investigator of COE-CSI who are from the School of Chemical Engineering.




Making hydrogen from pure urea is not new, but the team has found a more accessible and cost-effective process that uses urine as an alternative source to pure urea.

"While we haven't solved all the problems, should these systems be scaled up, our systems produce harmless nitrogen gas instead of the toxic nitrates and nitrites, and either system will use between 20-27 per cent less electricity than water splitting systems," says Professor Zheng.

"We need to reduce the cost of making hydrogen, but in a carbon-neutral way. The system in our first paper, while using a unique membrane-free system and novel copper-based catalyst, used pure urea, which is produced through the Haber-Bosch ammonia synthesis process that is energy intensive and releases lots of CO2.

"We solved this by using a green source of urea -- human urine -- which is the basis of the system examined in our second paper."

Urine or urea can also be sourced from sewage and other wastewater high in nitrogenous waste. Urine in an electro-catalytic system, however, presents another issue. Chloride ions in urine will trigger a reaction generating chlorine that causes irreversible corrosion of the system's anode where oxidation and loss of electrons occurs.

"In the first system we developed an innovative and highly efficient membrane-free urea electrolysis system for low-cost hydrogen production. In this second system, we developed a novel chlorine-mediated oxidation mechanism that used platinum-based catalysts on carbon supports to generate hydrogen from urine," says Professor Qiao.

Platinum is an expensive, precious and finite metal and its increasing demand as a catalytic material is unsustainable. It is a core mission of the ARC Centre of Excellence for Carbon Science and Innovation to enable transformative carbon catalyst technologies for the traditional energy and chemical industries.

The University of Adelaide team will build on this fundamental research by developing carbon-supported, non-precious metal catalysts for constructing membrane-free urine-wastewater systems, achieving lower-cost recovery of green hydrogen while remediating the wastewater environment.
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Amuse, a songwriting AI-collaborator to help create music | ScienceDaily
Wouldn't it be great if music creators had someone to brainstorm with, help them when they're stuck, and explore different musical directions together? Researchers of KAIST and Carnegie Mellon University (CMU) have developed AI technology similar to a fellow songwriter who helps create music.


						
KAIST (President Kwang-Hyung Lee) has developed an AI-based music creation support system, Amuse, by a research team led by Professor Sung-Ju Lee of the School of Electrical Engineering in collaboration with CMU. The research was presented at the ACM Conference on Human Factors in Computing Systems (CHI), one of the world's top conferences in human-computer interaction, held in Yokohama, Japan from April 26 to May 1. It received the Best Paper Award, given to only the top 1% of all submissions.

The system developed by Professor Sung-Ju Lee's research team, Amuse, is an AI-based system that converts various forms of inspiration such as text, images, and audio into harmonic structures (chord progressions) to support composition.

For example, if a user inputs a phrase, image, or sound clip such as "memories of a warm summer beach," Amuse automatically generates and suggests chord progressions that match the inspiration.

Unlike existing generative AI, Amuse is differentiated in that it respects the user's creative flow and naturally induces creative exploration through an interactive method that allows flexible integration and modification of AI suggestions.

The core technology of the Amuse system is a generation method that blends two approaches: a large language model creates music code based on the user's prompt and inspiration, while another AI model, trained on real music data, filters out awkward or unnatural results using rejection sampling.

The research team conducted a user study targeting actual musicians and evaluated that Amuse has high potential as a creative companion, or a Co-Creative AI, a concept in which people and AI collaborate, rather than having a generative AI simply put together a song.

Professor Sung-Ju Lee said, "Recent generative AI technology has raised concerns in that it directly imitates copyrighted content, thereby violating the copyright of the creator, or generating results one-way regardless of the creator's intention. Accordingly, the research team was aware of this trend, paid attention to what the creator actually needs, and focused on designing an AI system centered on the creator."

He continued, "Amuse is an attempt to explore the possibility of collaboration with AI while maintaining the initiative of the creator, and is expected to be a starting point for suggesting a more creator-friendly direction in the development of music creation tools and generative AI systems in the future."

This research was conducted with the support of the National Research Foundation of Korea with funding from the government (Ministry of Science and ICT). (RS-2024-00337007)
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Self-assembly of a large metal-peptide capsid nanostructure through geometric control | ScienceDaily
A significant advancement in molecular engineering has produced a large, hollow spherical shell nanostructure through the self-assembly of peptides and metal ions, report researchers from Japan. This dodecahedral link structure, measuring 6.3 nanometers in diameter, was achieved by combining geometric principles derived from knot theory and graph theory with peptide engineering. The resulting structure demonstrates remarkable stability while featuring a large inner cavity suitable for encapsulating macromolecules, opening pathways for producing complex artificial virus capsids.


						
Controlling the topology and structure of entangled molecular strands is a key challenge in molecular engineering, particularly when attempting to create large nanostructures that mimic biological systems. Examples found in nature, such as virus capsids and cargo proteins, demonstrate the remarkable potential of such architectures. However, methods for constructing large hollow nanostructures with precise geometric control have remained elusive -- until now.

In a recent study, a research team led by Associate Professor Tomohisa Sawada from Institute of Science Tokyo, Japan, has successfully constructed a molecular spherical shell structure with the geometric topology of a regular dodecahedron. This groundbreaking work, which was published online in the journal Chemon May 01, 2025, describes how the researchers created this large structure, bearing an outer diameter of 6.3 nanometers, through the entanglement of peptides with metal ions.

"The synthesis of this highly complex structure was based on geometric considerations and predictions, leading to the proposal of a new concept: the geometric control of chemical structures," explains Sawada. The team's approach combined two distinct mathematical frameworks, namely knot theory and graph theory, to predict and then achieve the self-assembly of an unprecedented dodecahedral link with an entanglement of 60 crossings, composed of 60 metal ions and 60 peptide ligands (or M60L60).

The researchers had previously created smaller structures with tetrahedral and cubic links. However, a more complex dodecahedral link emerged after they introduced further modifications to the peptide sequence during attempts to functionalize M24L24, a smaller cubic link. X-ray crystallographic analysis revealed that the resulting M60L60 metal-peptide shell contains an inner cavity of approximately 4.0 nanometers (approximately 34,000 A3), which is large enough to encapsulate macromolecules such as proteins or nanomaterials.

Beyond its impressive structural complexity, the M60L60 shell exhibited remarkable stability against heat, dilution, and oxidative conditions, which the researchers attributed to its unique entangled network structure. Interestingly, the team also demonstrated that the capsid's surface could be modified with various functional groups while maintaining its structural integrity, opening pathways for customization based on specific needs.

These features make M60L60 a promising platform for various applications, including drug delivery systems and molecular transportation. "Considering the diversity and modifiability of peptide structures, our method is overwhelmingly advantageous compared to DNA origami technology in terms of functionalizing structures," highlights Sawada. "Moreover, since our approach involves theoretical prediction and trial-and-error experiments, sometimes astonishing structures far beyond our expectations are obtained -- this is the essence of chemistry."

Overall, this research represents a significant step forward in understanding how to construct artificial virus capsid-like structures. "Our findings significantly expand the foundation of peptide engineering and are anticipated to have immense effects across various fields, including molecular self-assembly, materials chemistry, and mathematical theories," concludes Sawada. The researchers are now aiming for even more ambitious structures, envisioning M180L180 and M240L240 assemblies with 180 and 240 crossings, respectively, as their next challenges.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250509122007.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Bringing superconducting nanostructures to 3D | ScienceDaily
A new study demonstrates the creation of three-dimensional superconducting nanostructures, akin to a nano 3D printer, enabling local control of the superconducting state. The superconducting nanostructures can be switched on and off by rotating them in a magnetic field.


						
The move from two to three dimensions can have a significant impact on how a system behaves, whether it is folding a sheet of paper into a paper aeroplane or twisting a wire into a helical spring. At the nanoscale, one thousand times smaller than a human hair, one approaches the fundamental lengthscales of, for example, quantum materials. At these lengthscales, the patterning of nanogeometries can lead to changes in the material properties itself -- and when one moves to three dimensions, there come new ways to tailor functionalities, by breaking symmetries, introducing curvature, and creating interconnected channels.

Despite these exciting prospects, one of the main challenges remains: how to realise such complex 3D geometries, at the nanoscale, in quantum materials? In a new study, an international team led by researchers at the Max Planck Institute for Chemical Physics of Solids have created three dimensional superconducting nanostructures using a technique similar to a nano-3D printer. They achieved local control of the superconducting state in a 3D bridge-like superconductor, and could even demonstrate the motion of superconducting vortices -- nanoscale defects in the superconducting state -- in three dimensions. The work has been published in the journal Advanced Functional Materials.

Superconductors are materials that are renowned for their ability to exhibit zero electrical resistance and expel magnetic fields. This striking behaviour arises from the formation of so-called Cooper pairs: bound pairs of electrons that move coherently through the material without scattering.

"One of the main challenges involves gaining control over this superconducting state at the nanoscale, which is key for the exploration of novel effects, and the future development of technological devices" explains Elina Zhakina, postdoctoral researcher at the MPI-CPfS, and first author of the study.

When patterning superconductors in 3D nanogeometries, the international team, involving researchers from Germany (MPI CPfS, IFW) and Austria (TU Wien, University of Vienna), were able to locally control the superconducting state -- i.e. "switching off" the superconductivity in different parts of the nanostructure. This coexistence of superconducting and "normal" states can lead to quantum mechanical effects, such as so-called weak links, used for example for ultra-sensitive sensing. However, until now such control has typically required the design of structures, for example in planar thin films, where the coexistence of states is predetermined.

"We found that it is possible to switch on and off the superconducting state in different parts of the threedimensional nanostructure, simply by rotating the structure in a magnetic field" said Claire Donnelly, Lise Meitner Group leader at the MPI-CPfS and last author of the work. "In this way, we were able to realise a "reconfigurable" superconducting device!."

This realization of reconfigurable functionality offers a new platform for building adaptive or multi-purpose superconducting components. This, along with the ability to propagate defects of the superconducting state, opens the door to complex superconducting logic and neuromorphic architectures setting the stage for a new generation of reconfigurable superconducting technologies.
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Chimpanzee groups drum with distinct rhythms | ScienceDaily
New research from a team of cognitive scientists and evolutionary biologists finds that chimpanzees drum rhythmically, using regular spacing between drum hits. Their results, publishing in the Cell Press journal Current Biology on May 9, show that eastern and western chimpanzees -- two distinct subspecies -- drum with distinguishable rhythms. The researchers say these findings suggest that the building blocks of human musicality arose in a common ancestor of chimpanzees and humans.


						
"Based on our previous work, we expected that western chimpanzees would use more hits and drum more quickly than eastern chimpanzees," says lead author Vesta Eleuteri of the University of Vienna, Austria. "But we didn't expect to see such clear differences in rhythm or to find that their drumming rhythms shared such clear similarities with human music."

Earlier studies showed that chimpanzees produce low-frequency sounds by drumming on buttress roots -- large, wide roots that grow above the soil. The researchers suggest that the chimps use these percussive patterns to send information over both long and short distances.

"Our previous study showed that each chimpanzee has their own unique drumming style and that drumming helps to keep others in their group updated about where they are and what they're doing -- a sort of way to check in across the rainforest," Eleuteri says. "What we didn't know was whether chimpanzees living in different groups have different drumming styles and whether their drumming is rhythmic, like in human music."

To find out, Eleuteri and her team, including senior authors Catherine Hobaiter of the University of St. Andrews in the UK and Andrea Ravignani of Sapienza University in Rome, teamed up with other chimpanzee researchers to study 371 drumming bouts in 11 chimpanzee communities, including six populations and two subspecies.

After analyzing the drum patterns, they found that chimpanzees drum with rhythm and that the timing of their hits is non-random and often evenly spaced. Eastern and western subspecies also exhibited different drumming patterns; western chimpanzees used evenly spaced hits while eastern chimpanzees more often alternated between hits at shorter and longer time intervals. They also found that western chimpanzees hit their "drums" more, using a faster tempo, and integrated their drumming earlier in their pant-hoot vocalizations.

"Making music is a fundamental part of what it means to be human -- but we don't know for how long we have been making music," says Hobaiter. "Showing that chimpanzees share some of the fundamental properties of human musical rhythm in their drumming is a really exciting step in understanding when and how we evolved this skill. Our findings suggest that our ability to drum rhythmically may have existed long before we were human."
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3D printing in vivo using sound | ScienceDaily
Imagine if doctors could precisely print miniature capsules capable of delivering cells needed for tissue repair exactly where they are needed inside a beating heart. A team of scientists led by Caltech has taken a significant step toward that ultimate goal, having developed a method for 3D printing polymers at specific locations deep within living animals. The technique relies on sound for localization and has already been used to print polymer capsules for selective drug delivery as well as glue-like polymers to seal internal wounds.


						
Previously, scientists have used infrared light to trigger polymerization, the linking of the basic units, or monomers, of polymers within living animals. "But infrared penetration is very limited. It only reaches right below the skin," says Wei Gao, professor of medical engineering at Caltech and a Heritage Medical Research Institute Investigator. "Our new technique reaches the deep tissue and can print a variety of materials for a broad range of applications, all while maintaining excellent biocompatibility."

Gao and his colleagues report their new in vivo 3D-printing technique in the journal Science. Along with bioadhesive gels and polymers for drug and cell delivery, the paper also describes the use of the technique for printing bioelectric hydrogels, which are polymers with embedded conductive materials for use in the internal monitoring of physiological vital signs as in electrocardiograms (ECGs). The lead author of the study is Elham Davoodi, an assistant professor of mechanical engineering at the University of Utah, who completed the work while a postdoctoral scholar at Caltech.

The Origin of a Novel Idea

Wanting to figure out a way to realize deep tissue in vivo printing, Gao and his colleagues turned to ultrasound, a platform that is widely used in biomedicine for deep tissue penetration. But they needed a way to trigger crosslinking, or binding of monomers, at a specific location and only when desired.

They came up with a novel approach: Combine ultrasound with low-temperature-sensitive liposomes. Such liposomes, spherical cell-like vesicles with protective fat layers, are often used for drug delivery. In the new work, the scientists loaded the liposomes with a crosslinking agent and embedded them in a polymer solution containing the monomers of the polymer they wanted to print, an imaging contrast agent that would reveal when the crosslinking had occurred, and the cargo they hoped to deliver -- a therapeutic drug, for example. Additional components can be included, such as cells and conductive materials like carbon nanotubes or silver. The composite bioink was then injected directly into the body.

Raise the Temperature Just a Touch to Trigger Printing

The liposome particles are low-temperature sensitive, which means that by using focused ultrasound to raise the temperature of a small targeted region by about 5 degrees Celsius, the scientists can trigger the release of their payload and initiate the printing of polymers.




"Increasing the temperature by a few degrees Celsius is enough for the liposome particle to release our crosslinking agents," says Gao. "Where the agents are released, that's where localized polymerization or printing will happen."

The team uses gas vesicles derived from bacteria as an imaging contrast agent. The vesicles, air-filled capsules of protein, show up strongly in ultrasound imaging and are sensitive to chemical changes that take place when the liquid monomer solution crosslinks to form a gel network. The vesicles actually change contrast, detected by ultrasound imaging, when the transformation takes place, allowing scientists to easily identify when and precisely where polymerization crosslinking has occurred, enabling them to customize the patterns printed in live animals.

The team calls the new technique the deep tissue in vivo sound printing (DISP) platform.

When the team used the DISP platform to print polymers loaded with doxorubicin, a chemotherapeutic drug, near a bladder tumor in mice, they found substantially more tumor cell death for several days as compared to animals that received the drug through direct injection of drug solutions.

"We have already shown in a small animal that we can print drug-loaded hydrogels for tumor treatment," Gao says. "Our next stage is to try to print in a larger animal model, and hopefully, in the near future, we can evaluate this in humans."

The team also believes that machine learning can enhance the DISP platform's ability to precisely locate and apply focused ultrasound. "In the future, with the help of AI, we would like to be able to autonomously trigger high-precision printing within a moving organ such as a beating heart," Gao says.

The work was supported by funding from the National Institutes of Health, the American Cancer Society, the Heritage Medical Research Institute, and the Challenge Initiative at UCLA. Fluorescence microscopy was performed at the Advanced Light Microscopy/Spectroscopy Laboratory and Leica Center of Excellence at the California NanoSystems Institute at UCLA.
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Ping pong bot returns shots with high-speed precision | ScienceDaily
MIT engineers are getting in on the robotic ping pong game with a powerful, lightweight design that returns shots with high-speed precision.


						
The new table tennis bot comprises a multijointed robotic arm that is fixed to one end of a ping pong table and wields a standard ping pong paddle. Aided by several high-speed cameras and a high-bandwidth predictive control system, the robot quickly estimates the speed and trajectory of an incoming ball and executes one of several swing types -- loop, drive, or chop -- to precisely hit the ball to a desired location on the table with various types of spin.

In tests, the engineers threw 150 balls at the robot, one after the other, from across the ping pong table. The bot successfully returned the balls with a hit rate of about 88 percent across all three swing types. The robot's strike speed approaches the top return speeds of human players and is faster than that of other robotic table tennis designs.

Now, the team is looking to increase the robot's playing radius so that it can return a wider variety of shots. Then, they envision the setup could be a viable competitor in the growing field of smart robotic training systems.

Beyond the game, the team says the table tennis tech could be adapted to improve the speed and responsiveness of humanoid robots, particularly for search-and-rescue scenarios, and situations in a which a robot would need to quickly react or anticipate.

"The problems that we're solving, specifically related to intercepting objects really quickly and precisely, could potentially be useful in scenarios where a robot has to carry out dynamic maneuvers and plan where its end effector will meet an object, in real-time," says MIT graduate student David Nguyen.

Nguyen is a co-author of the new study, along with MIT graduate student Kendrick Cancio and Sangbae Kim, associate professor of mechanical engineering and head of the MIT Biomimetics Robotics Lab. The researchers will present the results of those experiments in a paper at the IEEE International Conference on Robotics and Automation (ICRA) this month.




Precise play

Building robots to play ping pong is a challenge that researchers have taken up since the 1980s. The problem requires a unique combination of technologies, including high-speed machine vision, fast and nimble motors and actuators, precise manipulator control, and accurate, real-time prediction, as well as higher-level planning of game strategy.

"If you think of the spectrum of control problems in robotics, we have on one end manipulation, which is usually slow and very precise, such as picking up an object and making sure you're grasping it well. On the other end, you have locomotion, which is about being dynamic and adapting to perturbations in your system," Nguyen explains. "Ping pong sits in between those. You're still doing manipulation, in that you have to be precise in hitting the ball, but you have to hit it within 300 milliseconds. So, it balances similar problems of dynamic locomotion and precise manipulation."

Ping pong robots have come a long way since the 1980s, most recently with designs by Omron and Google DeepMind that employ artificial intelligence techniques to "learn" from previous ping pong data, to improve a robot's performance against an increasing variety of strokes and shots. These designs have been shown to be fast and precise enough to rally with intermediate human players.

"These are really specialized robots designed to play ping pong," Cancio says. "With our robot, we are exploring how the techniques used in playing ping pong could translate to a more generalized system, like a humanoid or anthropomorphic robot that can do many different, useful things."

Game control

For their new design, the researchers modified a lightweight, high-power robotic arm that Kim's lab developed as part of the MIT Humanoid -- a bipedal, two-armed robot that is about the size of a small child. The group is using the robot to test various dynamic maneuvers, including navigating uneven and varying terrain as well as jumping, running, and doing backflips, with the aim of one day deploying such robots for search-and-rescue operations.




Each of the humanoid's arms has four joints, or degrees of freedom, which are each controlled by an electrical motor. Cancio, Nguyen, and Kim built a similar robotic arm, which they adapted for ping pong by adding an additional degree of freedom in the wrist to allow for control of a paddle.

The team fixed the robotic arm to a table at one end of a standard ping pong table and set up high-speed motion capture cameras around the table to track balls that are bounced at the robot. They also developed optimal control algorithms that predict, based on the principles of math and physics, what speed and paddle orientation the arm should execute to hit an incoming ball with a particular type of swing: loop (or topspin), drive (straight-on), or chop (backspin).

They implemented the algorithms using three computers that simultaneously processed camera images, estimated a ball's real-time state, and translated these estimations to commands for the robot's motors to quickly react and take a swing.

After consecutively bouncing 150 balls at the arm, they found the robot's hit rate, or accuracy of returning the ball, was about the same for all three types of swings: 88.4 percent for loop strikes, 89.2 percent for chops, and 87.5 percent for drives. They have since tuned the robot's reaction time and found the arm hits balls faster than existing systems, at velocities of 20 meters per second.

In their paper, the team reports that the robot's strike speed, or the speed at which the paddle hits the ball, is on average 11 meters per second. Advanced human players have been known to return balls at speeds of between 21 to 25 meters second. Since writing up the results of their initial experiments, the researchers have further tweaked the system, and have recorded strike speeds of up to 19 meters per second (about 42 miles per hour).

"Some of the goal of this project is to say we can reach the same level of athleticism that people have," Nguyen says. "And in terms of strike speed, we're getting really, really close."

Their follow-up work has also enabled the robot to aim. The team incorporated control algorithms into the system that predict not only how but where to hit an incoming ball. With its latest iteration, the researchers can set a target location on the table, and the robot will hit a ball to that same location.

Because it is fixed to the table, the robot has limited mobility and reach, and can mostly return balls that arrive within a crescent-shaped area around the midline of the table. In the future, the engineers plan to rig the bot on a gantry or wheeled platform, enabling it to cover more of the table and return a wider variety of shots.

"A big thing about table tennis is predicting the spin and trajectory of the ball, given how your opponent hit it, which is information that an automatic ball launcher won't give you," Cancio says. "A robot like this could mimic the maneuvers that an opponent would do in a game environment, in a way that helps humans play and improve."

This research is supported, in part, by the Robotics and AI Institute.
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The Squid Galaxy's neutrino game just leveled up | ScienceDaily
In space, energetic neutrinos are usually paired with energetic gamma rays. Galaxy NGC 1068, however, emits strong neutrinos and weak gamma rays, which presents a puzzle for scientists to solve. A new paper posits that helium nuclei collide with ultraviolet photons emitted by the galaxy's central region and fragment, releasing neutrons that subsequently decay into neutrinos without producing gamma rays.


						
The finding offers insight into the extreme environment around the supermassive black holes at the center of galaxies like NGC 1068 and our own and enhances our understanding of the relationships between radiation and elementary particles that could lead to technological advances we haven't yet imagined.

Buried deep in the ice in the Antarctic are "eyes" that can see elementary particles called neutrinos, and what they've observed is puzzling scientists: a remarkably strong neutrino signal accompanied by a surprisingly weak gamma-ray emission in the galaxy NGC 1068, also known as the Squid Galaxy.

The "eyes" are a collection of detectors buried in a cubic kilometer of ice called the IceCube Neutrino Observatory. Theoretical physicists from UCLA, the University of Osaka, and the University of Tokyo Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU, WPI) are using their observations of NGC 1068 to propose a completely new route by which neutrinos can be produced.

Neutrinos are subatomic particles that interact only very weakly with gravity and can pass through matter. This makes them even harder to detect than other particles, such as electrons. The IceCube Neutrino Observatory consists of 5,160 sensors buried in clear, compressed Antarctic ice that look for events that could be produced by neutrinos when they pass through the ice, interact with it and create charged particles.

"We have telescopes that use light to look at stars, but many of these astrophysical systems also emit neutrinos," said Alexander Kusenko, professor of physics and astronomy at UCLA and a senior fellow at Kavli IPMU. "To see neutrinos, we need a different type of telescope, and that's the telescope we have at the South Pole."

The IceCube neutrino telescope detected very energetic neutrinos coming from NGC 1068 accompanied by a weak gamma-ray flux, hinting that these neutrinos may have been produced in a different way than previously thought. The NGC 1068 data is perplexing because, typically, energetic neutrinos from active galactic centers are thought to originate from interactions between protons and photons, producing gamma rays of comparable intensity. Thus, energetic neutrinos are usually paired with energetic gamma rays.




NGC 1068's gamma-ray emission is significantly lower than expected and shows a distinctly different spectral shape. Traditional models, including those based on proton-photon collisions and emission from the galaxy's hot plasma region known as the "corona," have been widely used to explain such neutrino signals, but they have faced theoretical limitations, prompting the search for a new explanation.

In a new paper published in Physical Review Letters, Kusenko and colleagues suggest that the high-energy neutrinos from NGC 1068 primarily result from the decay of neutrons when helium nuclei in the galaxy's jet break apart under intense ultraviolet radiation. When these helium nuclei collide with ultraviolet photons emitted by the galaxy's central region, they fragment, releasing neutrons that subsequently decay into neutrinos. The energies of the resulting neutrinos match the observations.

Additionally, electrons generated by these nuclear decays interact with surrounding radiation fields, creating gamma rays consistent with the observed lower intensity. This scenario elegantly explains why the neutrino signal dramatically outshines the gamma-ray emission and accounts for the distinct energy spectrum observed in both neutrinos and gamma rays.

The breakthrough helps scientists understand how cosmic jets in active galaxies can emit powerful neutrinos without a corresponding gamma-ray glow, shedding new light on the extreme, complex conditions surrounding supermassive black holes, including the one at the center of our own galaxy.

"We don't know very much about the central, extreme region near the galactic center of NGC1068," said Kusenko. "If our scenario is confirmed, it tells us something about the environment near the supermassive black hole at the center of that galaxy."

The new paper proposes that if a helium nucleus accelerates in the jet of a supermassive black hole, it crashes into photons and breaks apart, spilling its two protons and two neutrons into space. The protons can fly away, but the neutrons are unstable and fall apart, or decay, into neutrinos without producing gamma rays.




"Hydrogen and helium are the two most common elements in space," said first author and UCLA doctoral student Koichiro Yasuda. "But hydrogen only has a proton, and if that proton runs into photons, it will produce both neutrinos and strong gamma rays. But neutrons have an additional way of forming neutrinos that don't produce gamma rays. So helium is the most likely origin of the neutrinos we observe from NGC 1068."

The work reveals the existence of hidden astrophysical neutrino sources, whose signals may previously have gone unnoticed due to their faint gamma-ray signatures.

"This idea offers a new perspective beyond traditional corona models. NGC 1068 is just one of many similar galaxies in the universe, and future neutrino detections from them will help test our theory and uncover the origin of these mysterious particles," said co-author and the University of Osaka professor of astrophysics Yoshiyuki Inoue.

Like NGC 1068, our galaxy also has a supermassive black hole at its center, where unfathomably immense gravity and energy literally tear atoms apart, and the neutrino discovery holds for our galaxy, too. Although there's not necessarily a straight line from understanding the galactic center to improvements in human welfare, knowledge gained through the study of particles like neutrinos and radiation like gamma rays has a tendency to lead technology down surprising and transformative paths.

"When J.J. Thompson received the 1906 Nobel Prize in physics for the discovery of electrons, he famously gave a toast at a dinner after the ceremony, saying that this was probably the most useless discovery in history," said Kusenko. "And, of course, every smartphone, every electronic device today, uses the discovery that Thompson made nearly 125 years ago."

Kusenko also said that particle physics gave birth to the World Wide Web, which originated as a network developed by physicists who needed to move large amounts of data between labs. He pointed out that the discovery of nuclear magnetic resonance seemed obscure at the time but led to the development of magnetic resonance imaging technology, which is now used routinely in medicine.

"We stand at the very beginning of the new field of neutrino astronomy, and the mysterious neutrinos from NGC 1068 are one of the puzzles we have to solve along the way," said Kusenko. "Investment in science is going to produce something that you may not be able to appreciate now but could produce something big decades later. It's a long-term investment, and private companies are reluctant to invest in the kind of research we're doing. That's why government funding for science is so important, and that's why universities are so important."

The research was funded by the Department of Energy, the World Premier International Research Center Initiative (WPI), and the Japan Society for the Promotion of Science.
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