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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.


      
        Scientists create octopus survival guide to minimize impacts of fishing
        Scientists have created a step-by-step aging guide for octopus to ensure fisheries remain sustainable, protecting the longevity of this ancient animal while guaranteeing the world doesn't go hungry.

      

      
        Pacific cities much older than previously thought
        New evidence of one of the first cities in the Pacific shows they were established much earlier than previously thought, according to new research. The study used aerial laser scanning to map archaeological sites on the island of Tongatapu in Tonga, showing Earth structures were being constructed in Tongatapu around AD 300.

      

      
        The hidden role of the Milky Way in ancient Egyptian mythology
        Astrophysicists shed light on the relationship between the Milky Way and the Egyptian sky-goddess Nut. The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

      

      
        New 3D-printing method makes printing objects more affordable and eco-friendly
        A team of scientists has unveiled a method for 3D printing that allows manufacturers to create custom-made objects more economically and sustainably.

      

      
        Newly found genetic variant defends against Alzheimer's disease
        Neuroscientists have identified a genetic mutation that fends off Alzheimer's disease in people at high risk and could lead to a new way to protect people from the disease.

      

      
        New way to generate human cartilage
        University of Montana researchers and their partners have found a new method to generate human cartilage of the head and neck.

      

      
        New origin of deep brain waves discovered
        Biomedical engineering researchers have uncovered a previously unknown source of two key brain waves crucial for deep sleep: slow waves and sleep spindles. Traditionally believed to originate from one brain circuit linking the thalamus and cortex, the team's findings suggest that the axons in memory centers of the hippocampus play a role.

      

      
        Ants in Colorado are on the move due to climate change
        Ant species living in Boulder's foothills have shifted their habitat over the last six decades, potentially affecting local ecosystems, suggests a new study.

      

      
        More than half a million global stroke deaths may be tied to climate change
        A changing climate may be linked to growing death and disability from stroke in regions around the world, according to a new study. Researchers found over three decades that non-optimal temperatures, those above or below temperatures associated with the lowest death rates, were increasingly linked to death and disability due to stroke. The study does not prove that climate change causes stroke. It only shows an association. The study also did not examine other risk factors such as high blood pres...

      

      
        Mixed diets balance nutrition and carbon footprint
        What we eat can impact our health as well as the environment. Many studies have looked at the impacts of diets in very general terms focused at the level of food groups. A new study explores this issue following a more nuanced dish-level approach. One of the benefits of this kind of study is that people's connections with their diets vary around the world and have strong cultural associations. Knowledge of the impacts of diets using dishes rather than broad food groups can help individuals make i...

      

      
        AI powered 'digital twin' models the infant microbiome
        Researchers have developed a new generative artificial intelligence (AI) tool that models the infant microbiome. This 'digital twin' of the infant microbiome creates a virtual model that predicts the changing dynamics of microbial species in the gut, and how they change as the infant develops.

      

      
        Size of salty snack influences eating behavior that determines amount consumed
        The size of an individual snack piece not only influences how fast a person eats it, but also how much of it they eat, according to a new study. With nearly a quarter of daily calorie intake in the United States coming from snacks, these findings may have implications for helping people better understand how eating behavior impacts calorie and sodium intake.

      

      
        Using CO2 and biomass, researchers find path to more environmentally friendly recyclable plastics
        Researchers have created a potential alternative to traditional petroleum-based plastic that is made from carbon dioxide (CO2) and lignin, a component of wood that is a low-cost byproduct of paper manufacturing and biofuel production.

      

      
        How the body switches out of 'fight' mode
        Cortisone and other related glucocorticoids are extremely effective at curbing excessive immune reactions. But previously, astonishingly little was known about how they exactly do that. Researchers have now explored the molecular mechanism of action in greater detail. As the researchers report, glucocorticoids reprogram the metabolism of immune cells, activating the body's natural 'brakes' on inflammation. These findings lay the groundwork for development of anti-inflammatory agents with fewer an...

      

      
        New drug prevents flu-related inflammation and lung damage
        Findings show a newly created drug can prevent runaway inflammation while still allowing the immune system to handle the virus, even when given late into infection.

      

      
        A faster, better way to prevent an AI chatbot from giving toxic responses
        A new technique can more effectively perform a safety check on an AI chatbot. Researchers enabled their model to prompt a chatbot to generate toxic responses, which are used to prevent the chatbot from giving hateful or harmful answers when deployed.

      

      
        Researchers identify protein that controls CAR T cell longevity
        CAR T cell therapy has revolutionized the way certain types of cancer are treated, and the longer those CAR T cells live in a patient's body, the more effectively they respond to cancer. Now, researchers have found that a protein called FOXO1 improves the survival and function of CAR T cells, which may lead to more effective CAR T cell therapies and could potentially expand its use in difficult-to-treat cancers.

      

      
        The genesis of our cellular skeleton, image by image
        Cells contain various specialized structures -- such as the nucleus, mitochondria or peroxisomes -- known as 'organelles'. Tracing their genesis and determining their structure is fundamental to understanding cell function and the pathologies linked to their dysfunction.

      

      
        Researchers discover how we perceive bitter taste
        A new study reveals the detailed protein structure of the TAS2R14, a bitter taste receptor that allows us to perceive bitter taste. In addition to solving the structure of this taste receptor, the researchers were also able to determine where bitter-tasting substances bind to TAS2R14 and how they activate them. The findings may lead to the development of drugs that targeting taste receptors.

      

      
        Quantum breakthrough when light makes materials magnetic
        The potential of quantum technology is huge but is today largely limited to the extremely cold environments of laboratories. Now, researchers have succeeded in demonstrating for the very first time how laser light can induce quantum behavior at room temperature -- and make non-magnetic materials magnetic. The breakthrough is expected to pave the way for faster and more energy-efficient computers, information transfer and data storage.

      

      
        New report 'braids' Indigenous and Western knowledge for forest adaptation strategies against climate change
        Forests could also be potential bulwarks against climate change. But, increasingly severe droughts and wildfires, invasive species, and large insect outbreaks -- all intensified by climate change -- are straining many national forests and surrounding lands in the United States. A report outlines a new approach to forest stewardship that 'braids together' Indigenous knowledge and Western science to conserve and restore more resilient forestlands.

      

      
        Does the time of day you move your body make a difference to your health?
        Undertaking the majority of daily physical activity in the evening is linked to the greatest health benefits for people living with obesity, according to researchers who followed the trajectory of 30,000 people over almost 8 years.

      

      
        Mechanism of action of the hepatitis B and D virus cell entry inhibitor bulevirtide deciphered
        Over 12 million people worldwide suffer from a chronic infection with the hepatitis D virus. This most severe viral liver disease is associated with a high risk of dying from liver cirrhosis and liver cancer. It is caused by the hepatitis D virus (HDV), which uses the surface proteins of the hepatitis B virus (HBV) as a vehicle to specifically enter liver cells via a protein in the cell membrane -- the bile salt transporter protein NTCP.

      

      
        New insight into combating drug-resistant prostate cancer
        New research sheds light on the significance of the glucocorticoid receptor in drug-resistant prostate cancer, showing that the development of drug resistance could be prevented by limiting the activity of coregulator proteins.

      

      
        3D mouth of an ancient jawless fish suggests they were filter-feeders, not scavengers or hunters
        Early jawless fish were likely to have used bony projections surrounding their mouths to modify the mouth's shape while they collected food. Experts have used CT scanning techniques to build up the first 3D pictures of these creatures, which are some of the earliest vertebrates (animals with backbones) in which the mouth is fossilized. Their aim was to answer questions about feeding in early vertebrates without jaws in the early Devonian epoch -- sometimes called the Age of Fishes -- around 400 m...

      

      
        A promising target for new RNA therapeutics now accessible
        Only recently, a new era in medicine began with the first RNA vaccines. These active substances are modified RNAs that trigger immune responses of the human immune system. Another approach in RNA medicine targets the body's own RNA and its protein modulators by specifically tailored active substances.

      

      
        Novel UV broadband spectrometer revolutionizes air pollutant analysis
        A research team has developed a broadband UV dual-comb spectrometer with which air pollutants can be continually measured and their reaction with the environment can be observed in real time.

      

      
        Obese and overweight children at risk of iron deficiency
        Children and young people who are overweight or obese are at significantly higher risk of iron deficiency, according to a study by nutritional scientists.

      

      
        AI makes retinal imaging 100 times faster, compared to manual method
        Researchers applied artificial intelligence (AI) to a technique that produces high-resolution images of cells in the eye. They report that with AI, imaging is 100 times faster and improves image contrast 3.5-fold. The advance, they say, will provide researchers with a better tool to evaluate age-related macular degeneration (AMD) and other retinal diseases.

      

      
        Impact of aldehydes on DNA damage and aging
        Researchers have discovered the connection between aldehydes, organic compounds produced by cells as part of metabolic processes, and rapid aging. Their findings indicate a potential treatment for diseases that lead to accelerated aging as well as a means to counteract aging in healthy people by controlling exposure to aldehyde-inducing substances including alcohol, pollution, and smoke.

      

      
        New method of measuring qubits promises ease of scalability in a microscopic package
        The path to quantum supremacy is made challenging by the issues associated with scaling up the number of qubits. One key problem is the way that qubits are measured. A research group introduces a new approach that tackles these challenges head-on using nanobolometers instead of traditional, bulky parametric amplifiers.

      

      
        Study shedding new light on Earth's global carbon cycle could help assess liveability of other planets
        Research has uncovered important new insights into the evolution of oxygen, carbon, and other vital elements over the entire history of Earth -- and it could help assess which other planets can develop life, ranging from plants to animals and humans.

      

      
        Breakthrough for next-generation digital displays
        Researchers have developed a digital display screen where the LEDs themselves react to touch, light, fingerprints and the user's pulse, among other things. Their results could be the start of a whole new generation of displays for phones, computers and tablets.

      

      
        Scientists identify pro-aging 'sugar signature' in the blood of people living with HIV
        Scientists have identified sugar abnormalities in the blood that may promote biological aging and inflammation in people living with HIV.

      

      
        New strategy for assessing the applicability of reactions
        Chemists show that a machine-based method prevents widespread 'bias' in chemical publications.

      

      
        Cockayne syndrome: New insights into cellular DNA repair mechanism
        Researchers decode repair mechanism during transcription of genetic information.

      

      
        Waterproof 'e-glove' could help scuba divers communicate
        When scuba divers need to say 'I'm okay' or 'Shark!' to their dive partners, they use hand signals to communicate visually. But sometimes these movements are difficult to see. Now, researchers have constructed a waterproof 'e-glove' that wirelessly transmits hand gestures made underwater to a computer that translates them into messages. The new technology could someday help divers communicate better with each other and with boat crews on the surface.

      

      
        Microplastic 'hotspots' identified in Long Island Sound
        Forensic and environmental experts have teamed up to develop a new scientific method to pinpoint microplastic pollution 'hotspots' in open waters.

      

      
        Revascularization enhances quality of life for patients with chronic limb threatening ischemia
        Over 200 million people around the world experience peripheral artery disease (PAD) -- a condition caused by the narrowing of the blood vessels from the heart to the lower limbs that leads to pain when walking -- and for roughly 1-in-10 this advances to chronic limb-threatening ischemia (CLTI), an advanced form of PAD. Those with CLTI often suffer severe pain even at rest, caused by fatty plaque buildup obstructing blood flow, typically to the leg or foot.

      

      
        A new screening protocol can detect aggressive prostate cancers more selectively
        A large randomized trial shows that a new three-step prostate cancer screening method can find a considerable number of aggressive cancers. Population-level screening programs have not been launched in most countries.

      

      
        Deforestation harms biodiversity of the Amazon's perfume-loving orchid bees
        A survey of orchid bees in the Brazilian Amazon state of Rond nia, carried out in the 1990s, is shedding new light the impact of deforestation on the scent-collecting pollinators, which some view as bellwethers of biodiversity in the neotropics.

      

      
        Research uncovers differences between men and women in sleep, circadian rhythms and metabolism
        A new review of research evidence has explored the key differences in how women and men sleep, variations in their body clocks, and how this affects their metabolism.

      

      
        The evolving attitudes of Gen X toward evolution
        As the centennial of the Scopes Monkey Trial of 1925 approaches, a new study illustrates that the attitudes of Americans in Generation X toward evolution shifted as they aged.

      

      
        Brain stimulation treatment may improve depression, anxiety in older adults
        A noninvasive brain stimulation treatment improved depression and anxiety symptoms among older adults in a new study.

      

      
        Respiratory allergies: Newly discovered molecule plays a major role in triggering inflammation
        One of the molecules responsible for triggering the inflammation that causes allergic respiratory diseases, such as asthma and allergic rhinitis, has just been discovered. This molecule, from the alarmin family, represents a therapeutic target of major interest for the treatment of allergic diseases.

      

      
        Cold-affinity algae species are gradually being replaced by warm-affinity ones off the coast of Biscay
        A study has analyzed the impact of the rise in sea surface temperature on macroalgae communities over the last four decades. Points at various depths were investigated in a location off the coast of Biscay, and an increasing scarcity was observed in the number of cold-affinity structuring species, while small warm-affinity ones have proliferated. The researchers are warning that some ecological functions are in jeopardy as a result.

      

      
        AI-assisted breast-cancer screening may reduce unnecessary testing
        Researchers showed that AI assistance potentially could improve breast-cancer screening by reducing the number of false positives without missing true positives.

      

      
        Connecting lab-grown brain cells provides insight into how our own brains work
        Researchers have developed a technique to connect lab-grown neural 'organoids' (three-dimensional developmental brain-like structures grown from human stem cells) using axonal bundles, similar to the connections between regions in the human brain. This technique allows brain networks to be better represented experimentally in the lab, and will improve understanding and studies of network-related brain disorders.

      

      
        Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials
        In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.

      

      
        A microbial plastic factory for high-quality green plastic
        Engineered bacteria can produce a plastic modifier that makes renewably sourced plastic more processable, more fracture resistant and highly biodegradable even in sea water. The development provides a platform for the industrial-scale, tunable production of a material that holds great potential for turning the plastic industry green.
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Scientists create octopus survival guide to minimize impacts of fishing | ScienceDaily
Octopuses have been around for hundreds of millions of years, but did you know that most only live for a few years, dying soon after mating or laying eggs?


						
Until now that hasn't been a problem, but octopus catches have doubled in recent decades as the world strives to meet the nutritional demands of a rising global population.

How do we ensure octopus fisheries remain sustainable, protecting the longevity of this ancient animal while guaranteeing the world doesn't go hungry?

An accurate, reliable, cost effective and easy-to-use method to determine an octopus's age and estimate how fast they grow and reproduce is a good starting point.

A team of Australian scientists has now developed the world's first step-by-step practical guide to ageing octopus, published in the Marine and Freshwater Research Journal.

Using growth rings on octopuses' beaks and stylets (internal shells near their gills) to validate their age, University of South Australia marine scientists have created a practical ageing tool for people managing and assessing octopus fisheries.

"Over the past 30 years, various studies have explored different methods to age octopus, but only a small number of researchers worldwide have the hands-on knowledge to execute these methods in the laboratory," says UniSA marine ecologist Dr Zoe Doubleday.




"It's critical that we don't lose this practical scientific knowledge because by determining their age, we can understand the impact of different rates of fishing on the population."

The guide was developed by UniSA PhD student Erica Durante and research assistant Louise Hosking under the supervision of Dr Doubleday. It formed part of a larger study led by Dr Karina Hall of NSW Department of Primary Industries and funded by the Fisheries Research and Development Corporation.

"Understanding an octopus's age helps to keep fisheries sustainable," Durante says. "If you know a species' age, you can estimate how fast they grow and reproduce and how much you can catch to keep a fishery sustainable."

"Age data also tells us how long it takes for an animal to mature, so you don't end up fishing out immature octopus before they breed. Age is also important for the general conservation and management of a species, whether it is fished or not."

Many species of animals are aged by counting growth rings in their tissues (similar to tree rings), although it's a little tricker with octopus because their rings represent days, not years, and methods need to be customised for each species.

An estimated 400,000 octopus are harvested from around 90 countries annually and this number is expected to increase, putting pressure on octopus stocks worldwide.

"By publishing this guide and making the knowledge accessible to anyone, we can help keep fisheries sustainable and ensure this incredible animal continues to survive and thrive," Dr Doubleday says.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240410234256.htm
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Pacific cities much older than previously thought | ScienceDaily
New evidence of one of the first cities in the Pacific shows they were established much earlier than previously thought, according to new research from The Australian National University (ANU).


						
The study used aerial laser scanning to map archaeological sites on the island of Tongatapu in Tonga.

Lead author, PhD scholar Phillip Parton, said the new timeline also indicates that urbanisation in the Pacific was an indigenous innovation that developed before Western influence.

"Earth structures were being constructed in Tongatapu around AD 300. This is 700 years earlier than previously thought," Mr Parton said.

"As settlements grew, they had to come up with new ways of supporting that growing population. This kind of set-up -- what we call low density urbanisation -- sets in motion huge social and economic change. People are interacting more and doing different kinds of work."

Mr Parton said traditionally, studying urbanisation in the Pacific has been tricky due to challenges collecting data, but new technology has changed that.

"We were able to combine high-tech mapping and archaeological fieldwork to understand what was happening in Tongatapu," he said.




"Having this type of information really adds to our understanding of early Pacific societies.

"Urbanisation is not an area that had been investigated much until now. When people think of early cities they usually think of traditional old European cities with compact housing and windy cobblestone streets. This is a very different kind of city.

"But it shows the contribution of the Pacific to urban science. We can see clues that Tongatapu's influence spread across the southwest Pacific Ocean between the 13th and 19th centuries."

According to Mr Parton, the collapse of this kind of low-density urbanisation in Tonga was largely due to the arrival of Europeans.

"It didn't collapse because the system was flawed; it was more to do with the arrival of Europeans and introduced diseases," he said.

"This is just the beginning in terms of early Pacific settlements. There's likely still much to be discovered."

The study has been published in the Journal of Archaeological Method and Theory.
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The hidden role of the Milky Way in ancient Egyptian mythology | ScienceDaily
Ancient Egyptians were known for their religious beliefs and astronomical knowledge of the Sun, Moon, and planets, but up until now it has been unclear what role the Milky Way played in Egyptian religion and culture.


						
A new study by a University of Portsmouth astrophysicist sheds light on the relationship between the Milky Way and the Egyptian sky-goddess Nut.

Nut is goddess of the sky, who is often depicted as a star-studded woman arched over her brother, the earth god Geb. She protects the earth from being flooded by the encroaching waters of the void, and plays a key role in the solar cycle, swallowing the Sun as it sets at dusk and giving birth to it once more as it rises at dawn.

The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

Associate Professor in Astrophysics, Dr Or Graur, said: "I chanced upon the sky-goddess Nut when I was writing a book on galaxies and looking into the mythology of the Milky Way. I took my daughters to a museum and they were enchanted by this image of an arched woman and kept asking to hear stories about her.

"This sparked my interest and I decided to combine both astronomy and Egyptology to do a double analysis -- astronomical and cross-cultural -- of the sky-goddess Nut, and whether she really could be linked to the Milky Way."

Dr Graur drew from a rich collection of ancient sources including the Pyramid Texts, Coffin Texts, and the Book of Nut and compared them alongside sophisticated simulations of the Egyptian night sky.




He found compelling evidence that the Milky Way highlighted Nut's divine presence.

Furthermore, Dr Graur connected Egyptian beliefs with those of other cultures, showing similarities in how different societies interpret the Milky Way.

He said: "My study also shows that Nut's role in the transition of the deceased to the afterlife and her connection to the annual bird migration are consistent with how other cultures understand the Milky Way. For example, as a spirits' road among different peoples in North and Central America or as the Birds' Path in Finland and the Baltics.

"My research shows how combining disciplines can offer new insights into ancient beliefs, and it highlights how astronomy connects humanity across cultures, geography, and time. This paper is an exciting start to a larger project to catalogue and study the multicultural mythology of the Milky Way."
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New 3D-printing method makes printing objects more affordable and eco-friendly | ScienceDaily
University of Florida engineers have developed a method for 3D printing called vapor-induced phase-separation 3D printing, or VIPS-3DP, to create single-material as well as multi-material objects. The discovery has the potential to advance the world of additive manufacturing.


						
Yong Huang, Ph. D., a professor in UF's department of mechanical and aerospace engineering, said the printing process he and colleagues developed allows manufacturers to create custom-made objects economically and sustainably. The novel approach was reported Tuesday in the journal Nature Communications.

"It is more economical and much simpler than current counterpart technologies," he said. "It's an affordable process for printing advanced materials, including metals."

To understand the process, imagine using special eco-friendly liquids to make the "ink" for a 3D printer. These dissolvable polymer-based liquids can include metal or ceramic particles. When you print with this ink, a non-solvent vapor is released into the printing area. This vapor makes the liquid part of the ink solidify, leaving behind the solid material -- called the vapor-induced phase-separation process.

Huang explained the process allows manufacturers to 3D print multi-material parts with spatially tunable, multi-scale porosity, which means creating structures that have different kinds of substances at different locations and with varied levels of porousness.

The object's porousness refers to it having tiny holes or gaps, and this is created by adjusting printing conditions and/or how much sacrificial material is used during the VIPS-3DP process. This can be useful for manufacturing things like porous medical implants or lightweight aerospace products.

"This is a promising method for creating metallic products that require different levels of porousness," said Marc Sole-Gras, Ph.D., the first author of the paper and a former graduate student in Huang's lab. "A good example of this is in bone tissue engineering. We can print an implant that is appropriately porous to ensure it integrates with the surrounding human cells."

In addition to requiring less investments in infrastructure, the VIPS-3DP process is a greener option to traditional printing methods because it uses sustainable materials and less energy.

The UF-licensed technology has been granted two patents, and its development was supported through funding from federal agencies, including the National Science Foundation and the Department of Energy.
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Newly found genetic variant defends against Alzheimer's disease | ScienceDaily
Columbia researchers have discovered a genetic variant that reduces the odds of developing Alzheimer's disease by up to 70% and may be protecting thousands of people in the United States from the disease.


						
The discovery of the protective variant, which appears to allow toxic forms of amyloid out of the brain and through the blood-brain barrier, supports emerging evidence that the brain's blood vessels play a large role in Alzheimer's disease and could herald a new direction in therapeutic development.

"Alzheimer's disease may get started with amyloid deposits in the brain, but the disease manifestations are the result of changes that happen after the deposits appear," says Caghan Kizil, PhD, a co-leader of the study that identified the variant and associate professor of neurological sciences (in neurology and in the Taub Institute) at Columbia University Vagelos College of Physicians and Surgeons. 

"Our findings suggest that some of these changes occur in the brain's vasculature and that we may be able to develop new types of therapies that mimic the gene's protective effect to prevent or treat the disease."

An attractive drug target?

The protective variant identified by the study occurs in a gene that makes fibronectin, a component of the blood-brain barrier, a lining surrounding the brain's blood vessels that controls the movement of substances in and out of the brain.

Fibronectin is usually present in the blood-brain barrier in very minute amounts, but it is increased in large amounts in people with Alzheimer's disease. The variant identified in the fibronectin gene seems to protect against Alzheimer's disease by preventing the buildup of excess fibronectin at the blood-brain barrier.




"It's a classic case of too much of a good thing," Kizil says. "It made us think that excess fibronectin could be preventing the clearance of amyloid deposits from the brain."

The researchers confirmed that hypothesis in a zebrafish model of Alzheimer's disease and have additional studies in mice underway. They also found that reducing fibronectin in the animals increased amyloid clearance and improved other damage caused by Alzheimer's disease.

"These results gave us the idea that a therapy targeting fibronectin and mimicking the protective variant could provide a strong defense against the disease in people," says study co-leader Richard Mayeux, MD, chair of neurology and the Gertrude H. Sergievsky Professor of Neurology, Psychiatry, and Epidemiology.

The newest treatments for Alzheimer's disease target the amyloid deposits directly and are very efficient at removing the deposits via the immune system. However, simply removing the deposits this way doesn't improve symptoms or repair other damage.

"We may need to start clearing amyloid much earlier and we think that can be done through the bloodstream," Mayeux adds. "That's why we are excited about the discovery of this variant in fibronectin, which may be a good target for drug development."

Protective gene was found in people resilient to Alzheimer's disease

The researchers discovered the protective variant in people who never developed symptoms but who had inherited the e4 form of the APOE gene, which significantly increases the risk of developing Alzheimer's disease.




"These resilient people can tell us a lot about the disease and what genetic and non-genetic factors might provide protection," says study co-leader Badri N. Vardarajan, PhD, assistant professor of neurological science (in neurology, the Gertrude H. Sergievsky Center, and the Taub Institute), who is an expert in using computational approaches to discover Alzheimer's disease genes.

"We hypothesized that these resilient people may have genetic variants that protect them from APOEe4."

To find protective mutations, the Columbia researchers sequenced the genomes of several hundred APOEe4 carriers over age 70 of various ethnic backgrounds, including those with and without Alzheimer's disease. Many participants were residents of Northern Manhattan who were enrolled in the Washington Heights/Inwood Columbia Aging Project, an ongoing study that has been conducted by Columbia University's Department of Neurology for more than 30 years. 

The study identified the fibronectin variant, and the Columbia team publicized their results in a preprint for other researchers to view. Based on the Columbia team's observations, another group from Stanford and Washington universities replicated the study in an independent cohort of APOEe4 carriers, mostly of European origin.

"They found the same fibronectin variant, which confirmed our finding and gave us even more confidence in our result," Vardarajan says.

The two groups combined the data on their 11,000 participants, which allowed them to calculate that the mutation reduces the odds of developing Alzheimer's in APOE4 carriers by 71% and forestalls the disease by roughly four years in those who eventually develop the disease.

The researchers estimate that 1% to 3% of APOEe4 carriers in the United States -- roughly 200,000 to 620,000 people -- may also carry the protective fibronectin mutation.

Wide therapeutic potential

The fibronectin variant, though discovered in APOEe4 carriers, could protect against Alzheimer's disease in people with other forms of APOE.

"There's a significant difference in fibronectin levels in the blood-brain barrier between cognitively healthy individuals and those with Alzheimer's disease, independent of their APOEe4 status," Kizil says.

"Anything that reduces excess fibronectin should provide some protection, and a drug that does this could be a significant step forward in the fight against this debilitating condition."
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New way to generate human cartilage | ScienceDaily
University of Montana researchers and their partners have found a new method to generate human cartilage of the head and neck.


						
Mark Grimes, a biology professor in UM's Division of Biological Sciences, said they have induced stem cells to become the cell type that normally makes up human craniofacial cartilage. Stem cells can replicate themselves and also develop into different types of cells.

"The cells that normally give rise to this type of cartilage are called neural crest cells," Grimes said. "We found a novel method for generating craniofacial organoids from neural crest cells."

Organoids are a simplified, miniature version of an organ that mimic the architecture and gene expression of the organ. "Organoids are a good model for certain human tissues that we can study in ways that are not possible using tissue from human beings," he said.

Grimes said there is a critical unmet need for new methods to regenerate human cartilage for the 230,000 children born annually in the U.S. with craniofacial defects. Growing cartilage in the laboratory also could lead to effective treatments to repair craniofacial cartilage damage due to injuries.

The researchers studied gene expression data at the RNA and protein level to reveal how cartilage cells arise from stem cells. They revealed that stem cells communicate in the early stages to become elastic cartilage, which makes up human ears.

To accomplish this, the team used extensive analysis of biological markers and machine-learning pattern-recognition techniques to understand the cell signaling pathways involved when cells differentiate into cartilage.

It is difficult to reconstruct natural features such as a person's ears, nose or larynx with current plastic surgery techniques, and transplanted tissue is often rejected without immunosuppressants.

"To use patient-derived stem cells to generate craniofacial cartilage in the laboratory, you need to understand the human-specific differentiation mechanisms," Grimes said. "Our aim is to develop a protocol for craniofacial cartilage generation for transplantation using human stem cells."

The research was published in the journal iScience. Besides Grimes, contributing UM authors include Lauren Foltz, Nagashree Avabhrath and Jean-Marc Lanchy. Other authors are Bradly Peterson of Missoula's Pathology Consultants of Western Montana and Tyler Levy, Anthony Possemato and Majd Ariss of Cell Signaling Technology of Danvers, Massachusetts.
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New origin of deep brain waves discovered | ScienceDaily
University of California, Irvine biomedical engineering researchers have uncovered a previously unknown source of two key brain waves crucial for deep sleep: slow waves and sleep spindles. Traditionally believed to originate from one brain circuit linking the thalamus and cortex, the team's findings, published today in Scientific Reports, suggest that the axons in memory centers of the hippocampus play a role.


						
For decades, slow waves and sleep spindles have been identified as essential elements of deep sleep, measured through electroencephalography recordings on the scalp. However, the UC Irvine-led team revealed a novel source of these brain waves within the hippocampus and were able to measure them in single axons.

The study demonstrates that slow waves and sleep spindles can originate from axons within the hippocampus' cornu ammonis 3 region. These oscillations in voltage occur independently of neuronal spiking activity, challenging existing theories about the generation of these brain waves.

"Our research sheds light on a previously unrecognized aspect of deep sleep brain activity," said lead author Mengke Wang, former UC Irvine undergraduate student in biomedical engineering who is now a graduate student at Johns Hopkins University (Wang conducted the study while at UC Irvine). "We've discovered that the hippocampus, typically associated with memory formation, plays a crucial role in generating slow waves and sleep spindles, offering new insights into how these brain waves support memory processing during sleep."

The team utilized innovative techniques -- including in vitro reconstructions of hippocampal subregions and microfluidic tunnels for single axon communication -- to observe spontaneous spindle waves in isolated hippocampal neurons. These findings suggest that spindle oscillations originate from active ion channels within axons, rather than through volume conduction as previously thought.

"The discovery of spindle oscillations in single hippocampal axons opens new avenues for understanding the mechanisms underlying memory consolidation during sleep," said co-author Gregory Brewer, adjunct professor of biomedical engineering. "These findings have significant implications for sleep research, potentially paving the way for new approaches to treating sleep-related disorders."

Brewer's other research affiliations include the Institute for Memory Impairment and Neurological Disorders and the Center for Neurobiology of Learning and Memory.

By uncovering the hippocampus's role in generating slow waves and sleep spindles, this research expands our understanding of the brain's activity during deep sleep and its impact on memory processing. The findings offer a promising foundation for future studies exploring the therapeutic potential of targeting hippocampal activity to improve sleep quality and cognitive function.

Joining Brewer and Wang in this study, which received financial support from the UCI Foundation, were William Tang, professor emeritus of biomedical engineering; Bryce Mander, associate professor of psychiatry & human behavior; and Samuel Lassers, graduate student researcher in biomedical engineering.
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Ants in Colorado are on the move due to climate change | ScienceDaily
Over the past 60 years, climate change has forced certain ant species, unable to tolerate higher temperatures, out of their original habitats in Gregory Canyon near Boulder, Colorado, according to a new research published April 9 in the journal Ecology.


						
The resulting biodiversity change could potentially alter local ecosystems, according to first author Anna Paraskevopoulos, a Ph.D. student in the Department of Ecology and Evolutionary Biology at the University of Colorado Boulder.

Like all insects, ants are ectothermic, meaning their body temperature, metabolism and other bodily functions depend on the environment's temperature. As a result, ants are sensitive to temperature fluctuations, making them a good marker to study the impact climate change has on ecosystems.

More than six decades ago, CU Boulder entomologist Robert Gregg and his student John Browne surveyed the ant populations in Gregory Canyon. After reading their study, Paraskevopoulos and her team set off to investigate whether the ant community had changed since. The researchers sampled the same survey sites on roughly the same dates between 2021 and 2022 as Browne and Gregg did in 1957 and 1958. The team collected hundreds of ant samples from different parts of Gregory Canyon, each with its own unique environment. For example, the canyon's north-facing slope is a forest with cool temperatures, dominated by pine and fir trees. The south-facing slope is primarily shrubland, while streams and ditches shape the canyon bottom area.

While the city of Boulder has expanded greatly since the original study, Gregory Canyon has remained a natural environment and largely unaffected by land-use change.

"This gave us an opportunity to study the isolated impacts of climate change. In many other studies, the effect of land use and climate change are often entangled," Paraskevopoulos said.

While she and her team discovered some ant species that were not recorded previously in the canyon, several other ant species had expanded their habitats and dominated the sites.




The team found while the total number of ant species in Gregory Canyon increased from what was recorded in their 1969 paper, several species had expanded their habitats to a broader region and now dominated the sites. At the same time, some other ants Browne and Gregg observed had become less widespread or were even undetected.

"Across the different environments and habitats in the canyon, we're seeing the composition of ant species becoming more similar," said Julian Resasco, the paper's senior author and an assistant professor in the Department of Ecology and Evolutionary Biology.

The team said 12 ant species have become hard to find compared with six decades ago. Ant species that foraged across a broader range of temperatures are now more widespread, while species that foraged across a narrower range of temperatures have become rare, potentially because they are more sensitive to temperature changes, or are facing increased competition from other ant species that managed to expand their habitats.

An 'insect apocalypse'

Despite their tiny size, ants are essential ecosystem engineers. They supply soil with air through making tunnels and chambers underground, and accelerate the decomposition of dead plants and animals. Different ant species may play unique roles in the ecosystem, such as dispersing certain types of seeds or preying on specific bugs.

"If the ecosystem has only a single type of ant, it could mean that the animal is only contributing to ecosystem functioning in one way, potentially reducing ecosystem stability," Paraskevopoulos said.




It remains unclear how changes in ant populations in Gregory Canyon have affected the local ecosystem. But when a species disappears, it affects other organisms that rely on them for food, pollination or pest control, Paraskevopoulos said.

The finding illustrates that changes in ant biodiversity could be happening all around the world in both urban and wild spaces as a result of climate change. Globally, insect populations and diversity are rapidly declining, and the study adds another piece of evidence to what many scientists call an ongoing "insect apocalypse."

An analysis across 16 studies has shown insect populations declined by 45% in the last four decades. In North America, the monarch butterfly population fell by 90% in the last 20 years. In Colorado, one in five native bumblebees is at risk.

"In response to climate change, species are changing the ranges where they're occurring. Some of them are spreading and becoming winners, while others are crashing and becoming losers. This work helps us understand how those communities reshuffle, which could have implications on how ecosystems function," Resasco said.
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More than half a million global stroke deaths may be tied to climate change | ScienceDaily
A changing climate may be linked to growing death and disability from stroke in regions around the world, according to a study published in the April 10, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. Researchers found over three decades that non-optimal temperatures, those above or below temperatures associated with the lowest death rates, were increasingly linked to death and disability due to stroke. The study does not prove that climate change causes stroke. It only shows an association. The study also did not examine other risk factors such as high blood pressure and high cholesterol levels.


						
Researchers found that the majority of these strokes were due to lower than optimal temperatures, however they also found an increase in strokes tied to higher than optimal temperatures. With lower temperatures, a person's blood vessels can constrict, increasing blood pressure. High blood pressure is a risk factor for stroke. Higher temperatures may cause dehydration, affecting cholesterol levels and resulting in slower blood flow, factors that can also lead to stroke.

"Dramatic temperature changes in recent years have affected human health and caused widespread concern," said study author Quan Cheng, PhD, of Xiangya Hospital Central South University in Changsha, China. "Our study found that these changing temperatures may increase the burden of stroke worldwide, especially in older populations and areas with more health care disparities.

For the study, researchers looked at 30 years of health records for more than 200 countries and territories. They examined the number of stroke deaths and burden of stroke-related disability due to non-optimal temperatures.

They then divided the data to look at different regions, countries and territories. They also looked at age groups and genders.

In 2019, there were 521,031 stroke deaths linked to non-optimal temperatures. There were also 9.4 million disability-adjusted life years due to stroke linked to non-optimal temperatures. Disability-adjusted life years are the number of years of life lost due to premature death and years lived with illness.

When looking at low temperatures compared to high temperatures, they found that 474,002 of the total deaths were linked to low temperatures.




Researchers found that the rate of death from stroke from temperature changes for male participants was 7.7 per 100,000 compared to 5.9 per 100,000 for female participants.

When looking at regions, central Asia had the highest death rate for stroke linked to non-optimal temperatures with 18 per 100,000. At the national level, North Macedonia had the highest death rate with 33 per 100,000.

"More research is needed to determine the impact of temperature change on stroke and to target solutions to address health inequalities," Cheng said. "Future research should aim to reduce this threat by finding effective health policies that address potential causes of climate change, such as the burning of fossil fuels, deforestation and industrial processes."

The study was supported by Hunan Youth Science and Technology Talent Project.
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Mixed diets balance nutrition and carbon footprint | ScienceDaily
What we eat can impact our health as well as the environment. Many studies have looked at the impacts of diets in very general terms focused at the level of food groups. A new study led by researchers at the University of Tokyo explores this issue following a more nuanced dish-level approach. One of the benefits of this kind of study is that people's connections with their diets vary around the world and have strong cultural associations. Knowledge of the impacts of diets using dishes rather than broad food groups can help individuals make informed choices and those in the food industry improve their practices.


						
"Our main conclusion is this: Mixed diets can offer good health and environmental outcomes. This is because mixed diets can afford consumers a larger diversity of dishes that can meet both nutritional requirements and have low carbon footprints," said the lead author of the study, Associate Professor Yin Long from the University of Tokyo's Graduate School of Engineering. "We identified trade-offs in terms of nutrition, carbon footprint and price for individual dishes with multiple ingredients, rather than using broad food categories such as red meat, fish or vegetables, as has been done in most similar studies so far. Although dishes from the same broad categories such as beef-based or fish-based dishes exhibit familiar trends as found in other studies in having comparatively higher carbon footprints, there are times when dishes do not follow the patterns of their respective food groups. It is also interesting to see a large concentration of dishes with low nutrient density and correspondingly low emissions and prices."

Such examples are diets based on dishes with a greater proportion of plant-based ingredients that indeed tend to have lower carbon footprints, but sometimes fail to meet daily requirements for some nutrients. Conversely, mixed diets strike a balance between what is considered good nutritional outcome and carbon footprint. This is because mixed diets tend to afford larger combinations of dishes that both meet daily nutrient requirements and have low carbon footprints than stricter diets, for example, diets relying only on a subset of dish categories. The researchers found this out by analyzing data on 45 dishes popular in Japan that consist of multiple ingredients and have different cooking times, using algorithms that seek to optimize some parameters within sets of data.

"We should stress that we do not believe that impact analyses based on food groups and dishes are mutually exclusive, though. Instead, we believe they are highly complementary. For example, approaches relying on food groups can reveal broadly what sustainable diets can look like and how to achieve them at the production level, pointing to feasible directions for transforming food systems at the global and international levels," said Professor Alexandros Gasparatos, another author of the study from the University of Tokyo's Institute for Future Initiatives. "At the same time, we believe dish-based approaches can inform better the day-to-day organization of food consumption at the national and local levels, by acting as a reality check to inform, design and convey feasible and acceptable ways to steer dietary habits toward more sustainable directions."

In a sense, dish-based approaches can better reflect how food is actually prepared and consumed in a given local context. This in turn better reflects cultural preferences for certain tastes or cooking methods, and cultural acceptability of certain food items. It can also better reflect the relative availability of certain food items, which itself might be due to local environmental conditions, which continue to change.

"Varying cultural preferences and ingredient availability lead to radically different ways to build healthy and sustainable diets between different countries and local contexts," said Gasparatos. "Dietary choices have important ramifications for human health and the environment. On the one hand, unhealthy dietary habits have been associated with the increased prevalence of obesity, diabetes and various types of cancers. On the other hand, food production can have severe environmental impacts through land use, carbon emissions, methane emissions, water pollution, and overconsumption and more. I myself have tried to make some diet-conscious changes in the last couple of years before working on this study. However, the engagement with this research reaffirmed my belief that mixed diets offer lots of benefits and helped me to identify some items and dishes to maybe be consumed in moderation."

Funding: This study was funded by the Leading Initiative for Excellent Young Researchers (LEADER) Program of 2022, and financially supported by the Asahi Group Foundation.
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AI powered 'digital twin' models the infant microbiome | ScienceDaily
The gut microbiome has a profound impact on the health and development of infants. Research shows that dysbiosis -- or imbalances in the microbial community -- is associated with gastrointestinal diseases and neurodevelopmental deficits. Understanding how gut bacteria interact, and how these interactions may lead to some of these problems, however, is difficult and time consuming through traditional laboratory experiments.


						
Researchers at the University of Chicago have developed a new generative artificial intelligence (AI) tool that models the infant microbiome. This "digital twin" of the infant microbiome creates a virtual model that predicts the changing dynamics of microbial species in the gut, and how they change as the infant develops. Using data from fecal samples collected from preterm infants in the neonatal intensive care unit (NICU), researchers used the model, called Q-net, to predict which babies were at risk for cognitive deficits with 76% accuracy.

"You can only get so far by looking at snapshots of the microbiome and seeing the different levels of how many bacteria are there, because in a preterm infant, the microbiome is constantly changing and maturing," said Ishanu Chattopadhyay, PhD, Assistant Professor of Medicine and senior author of the new study, published in Science Advances. "So, we developed a new approach using generative AI to build a digital twin of the system that models the interactions of the bacteria as they change."

Just like other forms of AI, the digital twin concept is a potentially transformative technology, bridging the fields of computer science, engineering, mathematics, and life sciences to replicate the behavior of biological systems. In the case of microbiome dynamics, Chattopadhyay says it's a matter of scale. Typical wet lab experiments that test the interactions of bacteria are time consuming. Testing all the two-way interactions of a typical colony with 1,000 species would take more than 1,000 years -- not to mention that more complex interactions of three, four, or more species are common.

The Q-net model drastically speeds up the time of testing out these interactions, highlighting those that may be of interest for links to a particular outcome. Chattopadhyay and his colleagues trained the model using fecal sample data from infants at UChicago's Comer Children's Hospital. Next, they validated its predictions about how the microbiome would develop using sample data from Beth Israel Deaconess Medical Center in Boston. The model predicted which babies were at risk for cognitive deficits, as measured by head circumference growth, with 76% accuracy.

The model also indicated that interventions like restoring the abundance of a particular bacterial species could reduce the developmental risk of about 45% of the babies. The authors caution, however, that the model also showed that incorrect interventions can make the risk worse.

"You can't just give probiotics and hope that the developmental risk is going to go down," Chattopadhyay said. "What you are supplanting is important, and for many subjects, you also have to time it precisely."

Since Q-net can identify potentially interesting combinations of bacteria, it vastly narrows the search for potential treatment targets. If the gut microbiome is the proverbial haystack, Q-net can give researchers the one-inch squares where they can find the needles.




Chattopadhyay's research partners, like co-author Erika Claud, MD, Professor of Pediatrics and Director of the Center for the Science of Early Trajectories are working with bioreactors that simulate the live gut microbiome environment where they can test out potential interventions and see what happens.

At its core, Q-net models large numbers of variables that interact with each other, so Chattopadhyay believes it can be used for other systems beyond the microbiome, such as the evolution of viruses, or even social phenomena like public opinions.

"If you have a large amount of data, you can train this system well and it will figure out what the connections are," he said. "It can capture very subtle differences, so it has a really large number of applications."
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Size of salty snack influences eating behavior that determines amount consumed | ScienceDaily
The size of an individual snack piece not only influences how fast a person eats it, but also how much of it they eat, according to a new study led by researchers at Penn State. With nearly a quarter of daily calorie intake in the United States coming from snacks, these findings may have implications for helping people better understand how eating behavior impacts calorie and sodium intake.


						
The team of food scientists investigated how the size of pretzels influences eating behavior -- overall intake, eating rate, bite size and snacking duration -- and found that people eat larger pretzels quicker with larger bites. They also found that while people ate smaller pretzels slower and with smaller bites, and ate less overall, they still had higher intake of sodium. Their results are available online now and will be published in the June issue of Appetite.

Seventy-five adults participated in the study, eating snacks three different times in the Sensory Evaluation Center. The oversized snack was about 2.5 servings of one of three sizes of pretzel -- small, medium or large. To calculate eating rate and bite size, the researchers video recorded each snacking session, noting how many minutes each participant spent snacking and the number of bites. They also measured how much each participant ate in both weight and calories.

When participants were given the same amount of food, how much they ate -- in both snack weight and calories -- depended on unit size, with study participants consuming 31% and 22% more of the large pretzels compared to the small and medium sized pretzels, respectively. Size of the pretzel also influenced eating rate and bite size, with the largest pretzel size yielding the fastest eating rate and largest mean bite size.

The researchers also reported that, after accounting for eating behavior, the pretzel size alone did not significantly affect how much a person ate, suggesting the eating behavior the different pretzel sizes prompted was driving total intake. Their results suggest larger pretzel size induces a person to eat more quickly and take bigger bites.

Together, these findings indicate that unit size influences intake by affecting eating behavior and they show that food characteristics such as unit size can be leveraged to moderate snack intake, explained corresponding author John Hayes, professor of food science and director of the Penn State Sensory Evaluation Center.

"The study suggests that food structure -- texture, size and shape -- can be used to modulate eating behavior and food intake," he said. "Food geometry, specifically unit size, is of particular utility for snack foods. We're interested in how the material properties of foods can be harnessed to help people eat less without impacting their enjoyment."

The relationship between pretzel size and sodium intake was obvious but previously overlooked, noted Madeline Harper, a graduate student in food science and lead author on the study. She explained that eating more smaller pretzels likely results in higher sodium consumption. The smaller size has more surface area for the same weight, so the researchers hypothesize that more total salt on the surface means that a snacker would consume more sodium eating them.




"So, we're suggesting that if you're trying to watch your calorie intake or are trying to reduce the amount that you're eating in a snack, then maybe a smaller pretzel would meet your needs better, because of the inherent way the size of the pretzel affects your eating rate," she said. "But if you're more worried about hypertension or the amount of sodium you're consuming, the larger pretzel might be better for you, because you'll consume less sodium in that treatment, even though you might consume more grams of pretzel."

Paige Cunningham, postdoctoral scholar in the Department of Food Science and the Department of Nutritional Sciences at Penn State, and Ciaran Forde, professor and chair in Sensory Science and Eating Behaviour Group in the Division of Nutrition, at Wageningen University, contributed to the research.

The U.S. Department of Agriculture's National Institute of Food and Agriculture supported this research.
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Using CO2 and biomass, researchers find path to more environmentally friendly recyclable plastics | ScienceDaily
Modern life relies on plastic. This lightweight, adaptable product is a cornerstone of packaging, medical equipment, the aerospace and automotive industries and more. But plastic waste remains a problem as it degrades in landfills and pollutes oceans.


						
FAMU-FSU College of Engineering researchers have created a potential alternative to traditional petroleum-based plastic that is made from carbon dioxide (CO2) and lignin, a component of wood that is a low-cost byproduct of paper manufacturing and biofuel production. Their research was published in Advanced Functional Materials.

"Our study takes the harmful greenhouse gas CO2 and makes it into a useful raw material to produce degradable polymers or plastics," said Hoyong Chung, an associate professor in chemical and biomedical engineering at the college. "We are not only reducing CO2 emissions, but we are producing a sustainable polymer product using the CO2."

This study is the first to demonstrate the direct synthesis of what's known as a cyclic carbonate monomer -- a molecule made of carbon and oxygen atoms that can be linked with other molecules -- made from CO2 and lignin.

By linking multiple monomers together, scientists can create synthetic polymers, long-chained molecules that can be designed to fill all manner of applications.

The material developed by Chung and his research team is fully degradable at the end of its life without producing microplastics and toxic substances. It can be synthesized at lower pressures and temperatures. And the polymer can be recycled without losing its original properties.

Using depolymerization, the researchers can convert polymers to pure monomers, which are the building blocks of polymers. This is the key to the high quality of the recycled material. The monomers can be recycled indefinitely and produce a high-quality polymer as good as the original, an improvement over previously developed and currently used polymer materials in which repeated heat exposure from melting reduces quality and allows for limited recycling.




"We can readily degrade the polymer via depolymerization, and the degraded product can synthesize the same polymer again," Chung said. "This is more cost effective and keeps it from losing original properties of polymers over multiple recycling. This is considered a breakthrough in material science, as it enables the realization of a true circular economy."

The newly developed material could be used for low-cost, short lifespan plastic products in such sectors as construction, agriculture, packaging, cosmetics, textiles, diapers and disposable kitchenware. With further development, Chung anticipates its use in highly specialized polymers for biomedical and energy storage applications.

The FSU Office of Commercialization provided valuable foundational support for Chung's research. Support from an internal funding program helped previous work with lignin-based polymers, and with the help of the office, he has received patents for other polymer research.

The project was supported by federal funds awarded to the State of Florida from the United States Department of Agriculture, National Institute of Food and Agriculture and support from the FAMU-FSU College of Engineering. Postdoctoral researcher Arijit Ghorai was the lead author of the study.
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How the body switches out of 'fight' mode | ScienceDaily
Cortisone and other related glucocorticoids are extremely effective at curbing excessive immune reactions. But previously, astonishingly little was known about how they exactly do that. A team of researchers from Charite -- Universitatsmedizin Berlin, Uniklinikum Erlangen and Ulm University have now explored the molecular mechanism of action in greater detail. As the researchers report in the journal Nature, glucocorticoids reprogram the metabolism of immune cells, activating the body's natural "brakes" on inflammation. These findings lay the groundwork for development of anti-inflammatory agents with fewer and less severe side effects.


						
The glucocorticoid cortisone is actually naturally present in the body as cortisol, a stress hormone. The organism releases cortisol to improve the body's responses to stress. Cortisol intervenes in sugar and fat metabolism and affects other parameters, including blood pressure and respiratory and heart rate. At higher doses, it also inhibits the activity of the immune system, which makes it useful for medical purposes: Due to their excellent efficacy, synthetic glucocorticoid derivates that inhibit inflammation, even more than the natural substance present in the body, are used to treat a wide range of immune-mediated inflammatory diseases. They are among the most widely used medications of all.

Glucocorticoids affect not only genes, but also cellular energy sources

However, glucocorticoid-based medications also have side effects, especially at higher doses and when administered for longer periods. These side effects are related to the other effects of the body's own cortisol. They include high blood pressure, osteoporosis, diabetes, and weight gain. With the aim of developing anti-inflammatory agents with fewer and less severe side effects, a team of researchers led by Prof. Gerhard Kronke, director of the Department of Rheumatology and Clinical Immunology at Charite, has now conducted a closer study of how the immunosuppressive effects of glucocorticoids exactly works.

"It was previously known that glucocorticoids activate a number of genes in different cells of the body," Kronke explains. "But through this mechanism, they mainly activate the resources present in the body. This does not adequately explains its strong immunosuppressive effect. In our study, we have now been able to show that glucocorticoids affect more than just the gene expression in immune cells. It also affects the cell s powerhouses, the mitochondria. And that this effect on cell metabolism is in turn crucial to the anti-inflammatory effects exerted by glucocorticoids."

Swords to plowshares

For the study, the research team focused on macrophages, a type of immune cell responsible for eliminating intruders such as viruses and bacteria. These cells can also play a role in the emergence of immune-mediated inflammatory diseases. The researchers studied how these immune cells -- derived in this case from mice -- responded to inflammatory stimuli in a laboratory setting and what effects additional administration of a glucocorticoid had. The researchers observed that in addition to its effect on gene expression, glucocorticoids had a major effect in reversing changes in the cell metabolism that had been initiated by the inflammatory stimuli.




"When macrophages are put into 'fight' mode, they redirect their cellular energy into arming for a fight. Instead of supplying energy, their mitochondria produce the components needed to fight intruders," Kronke says, describing the processes involved. "Glucocorticoids reverse the process, switching the 'fight' mode back off and turning swords into plowshares, so to speak. A tiny molecule called itaconate plays an especially important role in this."

Itaconate mediates anti-inflammatory effect of glucocorticoids

Itaconate is an anti-inflammatory substance that the body naturally produces inside its mitochondria. Macrophages produce it early on when they are activated so that the inflammatory reaction will subside after a certain period. Generation of this natural immune "brake," however, requires sufficient fuel. When the cell s powerhouses are arming up for a fight, that is no longer the case, so itaconate production dwindles to a halt after a while. With normal, short-term inflammation, this timing is effective because the immune response has also subsided in the meantime.

"With a persistent inflammatory stimulus, the drop-off in itaconate production is an issue because there is then no immune 'brake' even though the immune system is still running on all cylinders, eventually contributing to chronic inflammation," explains Dr. Jean-Philippe Auger, a scientist at the Department of Medicine 3 -- Rheumatology and Immunology at Uniklinikum Erlangen and the first author of the study. "This is where glucocorticoids intervenes. By reprogramming the mitochondrial function, they ramp up the formation of itaconate in the macrophages, restoring its anti-inflammatory effect."

The search for new active substances

Using animal models for asthma and rheumatoid arthritis, the researchers were able to demonstrate how much the anti-inflammatory effect of glucocorticoids depends on itaconate. Glucocorticoids had no effect in animals that were unable to produce itaconate. So, if itaconate mediates the immunosuppressant effect of cortisone, wouldn't it be possible to administer itaconate directly, instead of glucocorticoids?

"Unfortunately, itaconate isn't a particularly good candidate as an anti-inflammatory drug, because it's unstable, and due to its high reactivity, it could cause side effects if administered systemically," Kronke explains. "Aside from that, we assume the processes in humans to be a bit more complex than those in mice. So our plan is to look for new synthetic compounds that are just as effective as glucocorticoids at reprogramming the mitochondrial metabolism inside immune cells, but have fewer and less severe side effects."
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New drug prevents flu-related inflammation and lung damage | ScienceDaily
Infection with the influenza virus leads to lung injury through inflammation over-activation that causes collateral damage to cells required for breathing. Such damage can be life-threatening, but scientists have a new preventative treatment. A team from St. Jude Children's Research Hospital, University of Houston, Tufts University School of Medicine and Fox Chase Cancer Center created a drug that can prevent flu-induced lung injury. In a mouse model, the drug achieves a novel balance between shutting down runaway inflammation and allowing the immune system to stop the virus. The findings were published today in Nature.


						
"Our drug significantly increased survival and lowered symptoms of influenza virus infection," said co-corresponding author Paul Thomas, PhD, St. Jude Department of Host-Microbe Interactions. "It dampened dangerous inflammation and even seemed to improve the adaptive response against the virus."

In a series of experiments, the drug UH15-38 protected against lethal influenza. Results showed that the drug protected mouse models from similar amounts of influenza that humans experience, even at low doses. Additionally, the team found that a high drug dose could fully protect against an infection with a substantial amount of virus, which would usually be deadly. The models were protected even if they received the dose days after infection, a difficult achievement for an influenza therapeutic.

"This drug can also do something we've never seen before," Thomas said. "We're able to start five days after the initial infection and show that we're still providing some benefit."

Providers must administer modern antiviral drugs within the first few days of infection to be effective. This study suggests that UH15-38 may fill a currently unmet need, as patients with severe disease have often been infected for several days by the time they get to a doctor. The breakthrough results from understanding how influenza and the immune system interact to cause lung injury.

Sending influenza-infected cells down the right path

"Infected lung cells create inflammation that alerts the immune system that there's a problem, but too much of it generates runaway inflammation that can cause major problems," Thomas said. "We need to strike a delicate balance between maintaining enough of these processes to get rid of the virus, but not so much that you're getting this runaway inflammation."

The collaborating scientists achieved a Goldilocks amount of inflammation using clever chemistry. Their new drug inhibited one part of a major inflammation protein in immune cells: Receptor-Interacting Protein Kinase 3 (RIPK3). RIPK3 controls two cell death pathways in response to infection: apoptosis and necroptosis. Necroptosis is highly inflammatory, but apoptosis is not. Both pathways are used in the antiviral response. UH15-38 was designed to prevent RIPK3 from starting necroptosis while maintaining its pro-apoptotic properties.




"Knocking out RIPK3 entirely is not great because then the immune system can't clear the virus," Thomas said. "When we knocked out just necroptosis, the animals did better because they still had apoptosis and could still get rid of infected cells, but it wasn't as inflammatory."

Stopping lung inflammation and injury

"We also showed that the improved survival was the direct result of the reduction in local inflammation and improved lung cell survival," Thomas said.

In a series of prior studies, the Thomas lab found that a specific set of cells in the lung are collateral damage in the runaway inflammatory response. These cells, Type 1 alveolar epithelial cells, handle gas exchange, letting oxygen in and carbon dioxide out. Loss of these cells leads to an inability to breathe. The current study demonstrated that this group of literal breath-taking cells was spared in the presence of the drug. Additionally, inflammation-related immune cells, such as neutrophils, were far less prevalent in the lungs of treated animals.

"Often the worst part of influenza illness happens after the virus is controlled when runaway inflammation destroys lung cells," Thomas said. "UH15-38 can dampen that influenza-caused inflammation while leaving viral clearance and the other functions of the immune and tissue responses intact. That makes it a promising candidate to move forward toward the clinic."
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A faster, better way to prevent an AI chatbot from giving toxic responses | ScienceDaily
A user could ask ChatGPT to write a computer program or summarize an article, and the AI chatbot would likely be able to generate useful code or write a cogent synopsis. However, someone could also ask for instructions to build a bomb, and the chatbot might be able to provide those, too.


						
To prevent this and other safety issues, companies that build large language models typically safeguard them using a process called red-teaming. Teams of human testers write prompts aimed at triggering unsafe or toxic text from the model being tested. These prompts are used to teach the chatbot to avoid such responses.

But this only works effectively if engineers know which toxic prompts to use. If human testers miss some prompts, which is likely given the number of possibilities, a chatbot regarded as safe might still be capable of generating unsafe answers.

Researchers from Improbable AI Lab at MIT and the MIT-IBM Watson AI Lab used machine learning to improve red-teaming. They developed a technique to train a red-team large language model to automatically generate diverse prompts that trigger a wider range of undesirable responses from the chatbot being tested.

They do this by teaching the red-team model to be curious when it writes prompts, and to focus on novel prompts that evoke toxic responses from the target model.

The technique outperformed human testers and other machine-learning approaches by generating more distinct prompts that elicited increasingly toxic responses. Not only does their method significantly improve the coverage of inputs being tested compared to other automated methods, but it can also draw out toxic responses from a chatbot that had safeguards built into it by human experts.

"Right now, every large language model has to undergo a very lengthy period of red-teaming to ensure its safety. That is not going to be sustainable if we want to update these models in rapidly changing environments. Our method provides a faster and more effective way to do this quality assurance," says Zhang-Wei Hong, an electrical engineering and computer science (EECS) graduate student in the Improbable AI lab and lead author of a paper on this red-teaming approach.




Hong's co-authors include EECS graduate students Idan Shenfield, Tsun-Hsuan Wang, and Yung-Sung Chuang; Aldo Pareja and Akash Srivastava, research scientists at the MIT-IBM Watson AI Lab; James Glass, senior research scientist and head of the Spoken Language Systems Group in the Computer Science and Artificial Intelligence Laboratory (CSAIL); and senior author Pulkit Agrawal, director of Improbable AI Lab and an assistant professor in CSAIL. The research will be presented at the International Conference on Learning Representations.

Automated red-teaming 

Large language models, like those that power AI chatbots, are often trained by showing them enormous amounts of text from billions of public websites. So, not only can they learn to generate toxic words or describe illegal activities, the models could also leak personal information they may have picked up.

The tedious and costly nature of human red-teaming, which is often ineffective at generating a wide enough variety of prompts to fully safeguard a model, has encouraged researchers to automate the process using machine learning.

Such techniques often train a red-team model using reinforcement learning. This trial-and-error process rewards the red-team model for generating prompts that trigger toxic responses from the chatbot being tested.

But due to the way reinforcement learning works, the red-team model will often keep generating a few similar prompts that are highly toxic to maximize its reward.




For their reinforcement learning approach, the MIT researchers utilized a technique called curiosity-driven exploration. The red-team model is incentivized to be curious about the consequences of each prompt it generates, so it will try prompts with different words, sentence patterns, or meanings.

"If the red-team model has already seen a specific prompt, then reproducing it will not generate any curiosity in the red-team model, so it will be pushed to create new prompts," Hong says.

During its training process, the red-team model generates a prompt and interacts with the chatbot. The chatbot responds, and a safety classifier rates the toxicity of its response, rewarding the red-team model based on that rating.

Rewarding curiosity

The red-team model's objective is to maximize its reward by eliciting an even more toxic response with a novel prompt. The researchers enable curiosity in the red-team model by modifying the reward signal in the reinforcement learning set up.

First, in addition to maximizing toxicity, they include an entropy bonus that encourages the red-team model to be more random as it explores different prompts. Second, to make the agent curious they include two novelty rewards. One rewards the model based on the similarity of words in its prompts, and the other rewards the model based on semantic similarity. (Less similarity yields a higher reward.)

To prevent the red-team model from generating random, nonsensical text, which can trick the classifier into awarding a high toxicity score, the researchers also added a naturalistic language bonus to the training objective.

With these additions in place, the researchers compared the toxicity and diversity of responses their red-team model generated with other automated techniques. Their model outperformed the baselines on both metrics.

They also used their red-team model to test a chatbot that had been fine-tuned with human feedback so it would not give toxic replies. Their curiosity-driven approach was able to quickly produce 196 prompts that elicited toxic responses from this "safe" chatbot.

"We are seeing a surge of models, which is only expected to rise. Imagine thousands of models or even more and companies/labs pushing model updates frequently. These models are going to be an integral part of our lives and it's important that they are verified before released for public consumption. Manual verification of models is simply not scalable, and our work is an attempt to reduce the human effort to ensure a safer and trustworthy AI future," says Agrawal.

In the future, the researchers want to enable the red-team model to generate prompts about a wider variety of topics. They also want to explore the use of a large language model as the toxicity classifier. In this way, a user could train the toxicity classifier using a company policy document, for instance, so a red-team model could test a chatbot for company policy violations.

"If you are releasing a new AI model and are concerned about whether it will behave as expected, consider using curiosity-driven red-teaming," says Agrawal.

This research is funded, in part, by Hyundai Motor Company, Quanta Computer Inc., the MIT-IBM Watson AI Lab, an Amazon Web Services MLRA research grant, the U.S. Army Research Office, the U.S. Defense Advanced Research Projects Agency Machine Common Sense Program, the U.S. Office of Naval Research, the U.S. Air Force Research Laboratory, and the U.S. Air Force Artificial Intelligence Accelerator.
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Researchers identify protein that controls CAR T cell longevity | ScienceDaily
CAR T cell therapy has revolutionized the way certain types of cancer are treated, and the longer those CAR T cells live in a patient's body, the more effectively they respond to cancer. Now, in a new study, researchers at Children's Hospital of Philadelphia (CHOP) and Stanford Medicine have found that a protein called FOXO1 improves the survival and function of CAR T cells, which may lead to more effective CAR T cell therapies and could potentially expand its use in difficult-to-treat cancers. The findings were published online today by the journal Nature.


						
T cells are a type of immune cell that recognize and kill pathogens in order to protect the host. Cancer is often able to evade the body's immune system, but as a result of CAR T cell therapy, a patient's own T cells can be reprogrammed to recognize and kill these cancer cells, which has led to FDA-approved treatments for certain types of lymphomas and leukemias.

However, fewer than 50% of patients who receive CAR T cell therapy remain cured after a year. One of the reasons for this is that CAR T cells often don't survive long enough in patients to completely eradicate their cancer. Prior research has demonstrated that patients who are cured through CAR T cell therapy often have CAR T cells that live longer and can more successfully fight cancerous cells.

To determine what helps CAR T cells live longer, researchers wanted to understand the underlying biology behind memory T cells, which are a type of natural T cell whose purpose is to persist and retain function. One protein of interest, FOXO1, which activates genes associated with T cell memory, has previously been studied in mice but remains under-researched in human T cells or CAR T cells.

"By studying factors that drive memory in T cells, like FOXO1, we can enhance our understanding of why CAR T cells persist and work more effectively in some patients compared to others," said senior study author Evan Weber, PhD, an Assistant Professor of Pediatrics at the University of Pennsylvania Perelman School of Medicine and cell and gene therapy researcher within the CHOP Center for Childhood Cancer Research (CCCR) and the Center for Cellular and Molecular Therapeutics (CCMT).

To learn more about the role of FOXO1 in human CAR T cells, the researchers in this study used CRISPR to delete FOXO1. They found that in the absence of FOXO1, human CAR T cells lose their ability to form a healthy memory cell or protect against cancer in an animal model, supporting the notion that FOXO1 controls memory and antitumor activity.

Researchers then applied methods to force CAR T cells to overexpress FOXO1, which turned on memory genes and enhanced their ability to persist and fight cancer in animal models. In contrast, when the researchers overexpressed a different memory-promoting factor, there was no improvement in CAR T cell activity, suggesting that FOXO1 plays a more unique role in promoting T cell longevity.

Importantly, researchers also found evidence that FOXO1 activity in patient samples correlates with persistence and long-term disease control, thereby implicating FOXO1 in clinical CAR T cell responses.

"These findings may help improve the design of CAR T cell therapies and potentially benefit a wider range of patients," Weber said. "We are now collaborating with labs at CHOP to analyze CAR T cells from patients with exceptional persistence to identify other proteins like FOXO1 that could be leveraged to improve durability and therapeutic efficacy."

This study was supported by the National Cancer Institute Immunotherapy Discover and Development grants 1U01CA232361-A1, K08CA23188-01, U01CA260852, and U54CA232568-01; the National Human Genome Research Institute grant K99 HGHG012579 (C.A.L.); the Parker Institute for Cancer Immunotherapy; V Foundation for Cancer Research; Society for Immunotherapy of Cancer Rosenberg Scholar Award; Stand Up 2 Cancer -- St. Baldrick's -- NCI grant SU2CAACR-DT1113; and the Virginia and D.K. Ludwig Fund for Cancer Research and NCI grant U2C CA233285.
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The genesis of our cellular skeleton, image by image | ScienceDaily
Cells contain various specialised structures -- such as the nucleus, mitochondria or peroxisomes -- known as "organelles''. Tracing their genesis and determining their structure is fundamental to understanding cell function and the pathologies linked to their dysfunction. Scientists at the University of Geneva (UNIGE) have combined high resolution microscopy and kinematic reconstruction techniques to visualise, in motion, the genesis of the human centriole. This organelle, essential to the organisation of the cell skeleton, is associated -- in case of dysfunction -- with certain cancers, brain disorders or retinal diseases. This work, published in the journal Cell, elucidates the complexities of centriole assembly. It also opens up many new avenues for the study of other cell organelles.


						
Organelle genesis proceeds according to a precise sequence of successive protein recruitment events. Visualising this assembly in real time provides a better understanding of the role of these proteins in organelle structure or function. However, obtaining a video sequence with sufficient resolution to distinguish such complex microscopic components faces a number of technical limitations.

Inflating cells for better observation

This is particularly true of the centriole. This organelle, measuring less than 500 nanometers (half a thousandth of a millimeter), is constituted of around 100 different proteins organised into six substructural domains. Until a few years ago, it was impossible to visualise the structure of the centriole in detail. The laboratory of Paul Guichard and Virginie Hamel, co-directors of research in the Department of Molecular and Cellular Biology at the UNIGE Faculty of Science, has changed this situation by using the technique of expansion microscopy. This cutting-edge technique enables cells and their constituents to be progressively inflated without being deformed, so that they can then be observed -- using conventional microscopes -- with very high resolution.

Obtaining images of the centriole with such high resolution enables the exact location of proteins at a given time but gives no information on the order of appearance of substructural domains or of individual proteins. Marine Laporte, a former research and teaching fellow in the UNIGE group and first author of the study, used expansion microscopy to analyse the location of 24 proteins in the six domains in over a thousand centrioles at different stages of growth.

Reorganising images to set them in motion 

''This very tedious work was followed by a pseudo-temporal kinematic reconstruction. In other words, we were able to put these thousands of images taken at random during centriole biogenesis back into chronological order, to reconstruct the various stages in the formation of centriole substructures, using a computer analysis we developed,'' explains Virginie Hamel, co-leader of the study.

This unique approach, which combines the very high resolution of expansion microscopy and kinematic reconstruction, has enabled us to model the first 4D assembly of the human centriole. ''Our work will not only deepen our understanding of centriole formation, but also open up incredible prospects in cellular and molecular biology, since this method can be applied to other macromolecules and cellular structures to study their assembly in space and time,'' concludes Paul Guichard.
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Researchers discover how we perceive bitter taste | ScienceDaily
Humans can sense five different tastes: sour, sweet, umami, bitter, and salty, using specialized sensors on our tongues called taste receptors. Other than allowing us to enjoy delicious foods, the sensation of taste allows us to determine the chemical makeup of food and prevents us from consuming toxic substances.


						
Researchers at the UNC School of Medicine, including Bryan Roth, MD, PhD, the Michael Hooker Distinguished Professor of Pharmacology, and Yoojoong Kim, PhD, a postdoctoral researcher in the Roth Lab, recently set out to address one very basic question: "How exactly do we perceive bitter taste?"

A new study, published in Nature, reveals the detailed protein structure of the TAS2R14 bitter taste receptor. In addition to solving the structure of this taste receptor, the researchers were also able to determine where bitter-tasting substances bind to TAS2R14 and how they activate them, allowing us to taste bitter substances.

"Scientists know very little about the structural make up of sweet, bitter, and umami taste receptors," said Kim. "Using a combination of biochemical and computational methods, we now know the structure of the bitter taste receptor TAS2R14 and the mechanisms that initializes the sensation of bitter taste in our tongues."

This detailed information is important for discovering and designing drug candidates that can directly regulate taste receptors, with the potential to treat metabolic diseases such as obesity and diabetes.

From Chemicals to Electricity to Sensation

TAS2R14s are members of the G protein-coupled receptor (GPCR) family of bitter taste receptors. The receptors are attached to a protein known as a G protein. TAS2R14 stands out from the others in its family because it can identify more than 100 distinct substances known as bitter tastants.




Researchers found that when bitter tastants come into contact with TAS2R14 receptors, the chemicals wedge themselves into to a specific spot on the receptor called an allosteric site, this causes the protein to change its shape, activating the attached G protein.

This triggers a series of biochemical reactions within the taste receptor cell, leading to activation of the receptor, which can then send signals to tiny nerve fibers -- through the cranial nerves in the face -- to an area of the brain called the gustatory cortex. It is here where the brain processes and perceives the signals as bitterness. And of course, this complex signaling system occurs almost instantaneously.

Cholesterol's Role in Bitter Taste Reception

While working to define its structure, researchers found another unique feature of TAS2R14 -- that cholesterol is giving it a helping hand in its activation.

"Cholesterol was residing in another binding site called the orthosteric pocket in TAS2R14, while the bitter tastant binds to the allosteric site," said Kim. "Through molecular dynamics simulations, we also found that the cholesterol puts the receptor in a semi-active state, so it can be easily activated by the bitter tastant."

Bile acids, which are created in the liver, have similar chemical structures with cholesterol. Previous studies have suggested that bile acids can bind and activate TAS2R14, but little is known about how and where they bind in the receptor.




Using their newfound structure, researchers found that bile acids might be binding to the same orthosteric pocket as cholesterol. While the exact role of bile acid or cholesterol in TAS2R14 remains unknown, it may play a role in the metabolism of these substances or in relation to metabolic disorders such as obesity or diabetes.

How This Can Help Drug Development

The discovery of this novel allosteric binding site for bitter tasting substances is unique.

The allosteric binding region is located between TAS2R14 and its coupled G protein is called G-protein alpha. This region is critical to form a signaling complex, which helps to transfer the signal from the taste receptor to the G-protein to the taste receptor cells.

"In the future, this structure will be key to discovering and designing drug candidates that can directly regulate G proteins through the allosteric sites," said Kim. "We also have the ability to affect specific G-protein subtypes, like G-protein alpha or G-protein beta, rather than other G-protein pathways that we don't want to cause any other side effects."

Roth and Kim have made a number of new discoveries, but some leave more questions than answers. While running a genomics study, they found that the TAS2R14 protein in complex with the GI is expressed outside the tongue, especially in the cerebellum in the brain, the thyroid, and the pancreas. Researchers are planning future studies to elucidate the function these proteins may have outside of the mouth.

This work was supported by the NIH Illuminating the Druggable Genome Initiative.
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Quantum breakthrough when light makes materials magnetic | ScienceDaily
The potential of quantum technology is huge but is today largely limited to the extremely cold environments of laboratories. Now, researchers at Stockholm University, at the Nordic Institute for Theoretical Physics and at the Ca' Foscari University of Venice have succeeded in demonstrating for the very first time how laser light can induce quantum behavior at room temperature -- and make non-magnetic materials magnetic. The breakthrough is expected to pave the way for faster and more energy-efficient computers, information transfer and data storage.


						
Within a few decades, the advancement of quantum technology is expected to revolutionize several of society's most important areas and pave the way for completely new technological possibilities in communication and energy. Of particular interest for researchers in the field are the peculiar and bizarre properties of quantum particles -- which deviate completely from the laws of classical physics and can make materials magnetic or superconducting. By increasing the understanding of exactly how and why this type of quantum states arise, the goal is to be able to control and manipulate materials to obtain quantum mechanical properties.

So far, researchers have only been able to induce quantum behaviors, such as magnetism and superconductivity, at extremely cold temperatures. Therefore, the potential of quantum research is still limited to laboratory environments.

Now, a research team from Stockholm University and the Nordic Institute of Theoretical Physics (NORDITA)* in Sweden, the University of Connecticut and the SLAC National Accelerator Laboratory in USA, the National Institute for Materials Science in Tsukuba, Japan, the Elettra-Sincrotrone Trieste, the 'Sapienza' University of Rome and the Ca' Foscari University of Venice in Italy, is the first in the world to demonstrate in an experiment how laser light can induce magnetism in a non-magnetic material at room temperature. In the study, published in Nature, the researchers subjected the quantum material strontium titanate to short but intense laser beams of a peculiar wavelength and polarization, to induced magnetism.

"The innovation in this method lies in the concept of letting light move atoms and electrons in this material in circular motion, so to generate currents that make it as magnetic as a refrigerator magnet. We have been able to do so by developing a new light source in the far-infrared with a polarization which has a "corkscrew" shape. This is the first time we have been able to induce and clearly see how the material becomes magnetic at room temperature in an experiment. Furthermore, our approach allows to make magnetic materials out of many insulators, when magnets are typically made of metals. In the long run, this opens for completely new applications in society," says the research leader Stefano Bonetti at Stockholm University and at the Ca' Foscari University of Venice

The method is based on the theory of "dynamic multiferroicity," which predicts that when titanium atoms are "stirred up" with circularly polarized light in an oxide based on titanium and strontium, a magnetic field will be formed. But it is only now that the theory can be confirmed in practice. The breakthrough is expected to have broad applications in several information technologies.

"This opens up for ultra-fast magnetic switches that can be used for faster information transfer and considerably better data storage, and for computers that are significantly faster and more energy-efficient," says Alexander Balatsky, professor of physics at NORDITA.

In fact, the results of the team have already been reproduced in several other labs, and a publication in the same issue of Nature demonstrates that this approach can be used to write, and hence store, magnetic information. A new chapter in designing new materials using light has been opened.
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New report 'braids' Indigenous and Western knowledge for forest adaptation strategies against climate change | ScienceDaily
Forests could also be potential bulwarks against climate change. But, increasingly severe droughts and wildfires, invasive species, and large insect outbreaks -- all intensified by climate change -- are straining many national forests and surrounding lands in the United States. A report by a team of 40 experts outlines a new approach to forest stewardship that "braids together" Indigenous knowledge and Western science to conserve and restore more resilient forestlands. Published March 25, the report provides foundational material to inform future work on climate-smart adaptive management practices for USDA Forest Service land managers.


						
There are 154 national forests in the United States, covering nearly 300,000 square miles of forests, woodlands, shrublands, wetlands, meadows and prairies. These lands are increasingly recognized as vital for supporting a broad diversity of plant and animal life; for water and nutrient cycling; and for the human communities that depend on forests and find cultural and spiritual significance within them. Forests could also be potential bulwarks against climate change. But, increasingly severe droughts and wildfires, invasive species, and large insect outbreaks -- all intensified by climate change -- are straining many national forests and surrounding lands.

A report by a team of 40 experts outlines a new approach to forest stewardship that "braids together" Indigenous knowledge and Western science to conserve and restore more resilient forestlands. Published March 25, the report provides foundational material to inform future work on climate-smart adaptive management practices for USDA Forest Service land managers.

"Our forests are in grave danger in the face of climate change," said Cristina Eisenberg, an associate dean of forestry at Oregon State University. "By braiding together Indigenous knowledge with Western science, we can view the problems with what is known as 'Two-Eyed Seeing,' to develop a path forward that makes our forests more resilient to the threats they are facing. That is what this report is working to accomplish."

Eisenberg co-led the report team with Susan Prichard, a fire ecologist in the School of Environmental and Forest Sciences at the University of Washington.

"Climate change is stressing these forests even as they are considered for their potential role in slowing rates of climate change," said Prichard. "We want this report to provide not just guidance, but also hope -- hope in the practical measures we can take now to promote resiliency and help forests thrive."

Initiated by interest from the Forest Service on Indigenous knowledge and Western science, the report stems from direction to protect old and mature forests outlined in Executive Order 14072, signed by President Joe Biden in April 2022. These types of forests, some hundreds of years old, are often dominated by larger trees, with fewer seedlings and saplings. Some management practices over the past century have made many of these forests vulnerable to drought, fire, insects and other stressors, all of which will likely increase with climate change.




The executive order included guidance on strengthening relationships with tribal governments and emphasized the importance of Indigenous knowledge, a theme highlighted repeatedly in the new report. This knowledge includes the time-tested practices of Indigenous stewardship that for millennia shaped forest structure and species composition. Following European colonization, these practices were sharply curtailed by genocide, displacement, and forced assimilation of Indigenous peoples. Western scientists increasingly recognize that Indigenous stewardship practices built and maintained forests that were more resilient and ecologically diverse than today.

Many Indigenous cultures, for example, used a practice called intentional burning -- also known as cultural burning -- which decreased forest density, promoted healthy understory growth, and hosted a broad diversity of plant and animal life. These practices over time yielded "mosaics" of forests made up of diverse patches of trees varying in age, density, and overstory and understory composition. These "mosaic" forests are less prone to the types of large, severe wildfires that have burned swathes of North American forests this century, according to Prichard.

Other members of the core leadership team for the report are Paul Hessburg, a senior research ecologist with the Forest Service's Pacific Northwest Research Station, and Michael Paul Nelson, a professor and director of the Center for the Future of Forests and Society at OSU.

"Two powerful ideas we heard from our Indigenous colleagues in developing this are those of reciprocity and the seven generations principle. Collectively, the writing team agrees that we can frame a more sustainable land ethic with these ideas," said Hessburg. "These perspectives guided our recommendations, which suggest taking from the land and giving back in equal measure, and proactively stewarding these lands with seven generations in mind."

Report co-authors come from tribal nations, universities, U.S. Forest Service research stations, consulting groups, Natural Resources Canada, Parks Canada, and Tall Timbers Research Station and Land Conservancy.

"Our report is deeper than changes in policy and management -- it proposes a fundamental change in the worldview guiding our current practices," said Nelson. "Our writing team's cultural, geographic and disciplinary diversity allows for guidance on a shift in paradigms around how we approach forest stewardship in the face of climate change."

The report may also inform Forest Service work on the proposed national forest land plan amendment intended to steward and conserve old-growth forest conditions.

"We are very interested in understanding how Indigenous knowledge can be used in combination with western science to improve our management of all forest conditions including old growth," said Forest Service Deputy Chief Chris French. "This report is a big step in improving our understanding of how to do that."
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Does the time of day you move your body make a difference to your health? | ScienceDaily
Undertaking the majority of daily physical activity in the evening is linked to the greatest health benefits for people living with obesity, according to researchers from the University of Sydney, Australia who followed the trajectory of 30,000 people over almost 8 years.


						
Using wearable device data to categorise participant's physical activity by morning, afternoon or evening, the researchers uncovered that those who did the majority of their aerobic moderate to vigorous physical activity- the kind that raises our heartrate and gets us out of breath- between 6pm and midnight had the lowest risk of premature death and death from cardiovascular disease.

The frequency with which people undertook moderate to vigorous physical activity (MVPA) in the evening, measured in short bouts up to or exceeding three minutes, also appeared to be more important than their total amount of physical activity daily.

The study, led by researchers from the University's Charles Perkins Centre is published in the journal Diabetes Care today.

"Due to a number of complex societal factors, around two in three Australians have excess weight or obesity which puts them at a much greater risk of major cardiovascular conditions such as heart attacks and stroke, and premature death," said Dr Angelo Sabag, Lecturer in Exercise Physiology at the University of Sydney.

"Exercise is by no means the only solution to the obesity crisis, but this research does suggest that people who can plan their activity into certain times of the day may best offset some of these health risks."

Smaller clinical trials have shown similar results, however the large scale of participant data in this study, the use of objective measures of physical activity and hard outcomes, such as premature death, makes these findings significant.




Joint first author Dr Matthew Ahmadi also stressed that the study did not just track structured exercise. Rather researchers focused on tracking continuous aerobic MVPA in bouts of 3 minutes or more as previous research shows a strong association between this type of activity, glucose control and lowered cardiovascular disease risk compared with shorter (non-aerobic) bouts.

"We didn't discriminate on the kind of activity we tracked, it could be anything from power walking to climbing the stairs, but could also include structured exercise such as running, occupational labour or even vigorously cleaning the house," said Dr Ahmadi, National Heart Foundation postdoctoral research fellow at the Charles Perkins Centre, University of Sydney.

While observational, the findings of the study support the authors original hypothesis, which is the idea -- based on previous research -- that people living with diabetes or obesity, who are already glucose intolerant in the late evening, may be able to offset some of that intolerance and associated complications, by doing physical activity in the evening.

The researchers used data from UK Biobank and included 29,836 adults aged over 40 years of age living with obesity, of whom 2,995 participants were also diagnosed with Type 2 diabetes.

Participants were categorised into morning, afternoon of evening MVPA based on when they undertook the majority of their aerobic MVPA as measured by a wrist accelerometer worn continuously for 24 hours a day over 7 days at study onset.

The team then linked health data (from the National Health Services and National Records of Scotland) to follow participants health trajectory for 7.9 years. Over this period they recorded 1,425 deaths, 3,980 cardiovascular events and 2,162 microvascular disfunction events.




To limit bias, the researchers accounted for differences such as age, sex, smoking, alcohol intake, fruit and vegetable consumption, sedentary time, total MVPA, education, medication use and sleep duration. They also excluded participants with pre-existing cardiovascular disease and cancer.

The researchers say the length of the study follow-up and additional sensitivity analysis bolster the strength of their findings however, due to the observational design, they cannot completely rule out potential reverse causation. This is the possibility that some participants had lower aerobic MVPA levels due to underlying or undiagnosed disease.

Professor Emmanuel Stamatakis, Director of the Mackenzie Wearables Research Hub at the Charles Perkins Centre and senior author on the paper, said the sophistication of studies in the wearables field is providing huge insights into the patterns of activity that are most beneficial for health.

"It is a really exciting time for researchers in this field and practitioners alike, as wearable device-captured data allow us to examine physical activity patterns at a very high resolution and accurately translate findings into advice that could play an important role in health care," said Professor Stamatakis.

"While we need to do further research to establish causal links, this study suggests that the timing of physical activity could be an important part of the recommendations for future obesity and Type 2 diabetes management, and preventive healthcare in general."
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Mechanism of action of the hepatitis B and D virus cell entry inhibitor bulevirtide deciphered | ScienceDaily
Over 12 million people worldwide suffer from a chronic infection with the hepatitis D virus. This most severe viral liver disease is associated with a high risk of dying from liver cirrhosis and liver cancer. It is caused by the hepatitis D virus (HDV), which uses the surface proteins of the hepatitis B virus (HBV) as a vehicle to specifically enter liver cells via a protein in the cell membrane -- the bile salt transporter protein NTCP. This cell entry can be prevented by the active agent bulevirtide, which is approved as a drug under the name Hepcludex. An international research team has now succeeded in deciphering the molecular structure of bulevirtide in complex with the HBV/HDV receptor NTCP at the molecular level. The research results published in the journal Nature Communications pave the way for more targeted and effective treatments for millions of people chronically infected with HBV/HDV.


						
The entry inhibitor bulevirtide is the first and currently only approved drug (under the drug name Hepcludex) for the treatment of chronic infections with the hepatitis D virus. The active agent effectively inhibits the replication of hepatitis D viruses and leads to a significant improvement in liver function. However, the exact mechanism by which bulevirtide interacts with the virus entry receptor on the surface of the liver cells -- the bile salt transporter protein NTCP (short for: sodium taurocholate cotransporting polypeptide) -- and thereby inhibits the entry of the viruses into the cells was previously unknown.

In order to understand the molecular interaction of bulevirtide and NTCP at the molecular level, the researchers first generated an antibody fragment that specifically recognises the NTCP-bulevirtide complex and makes it accessible for analysis when bound to nanoparticles. This complex was then analysed using cryo-electron microscopy, which allowed to visualise structural details with atomic resolution. The research results represent a milestone in understanding both the interaction of HBV and HDV with their cellular entry receptor NTCP and the mechanism of cell receptor blockade by bulevirtide.

How bulevirtide blocks the cell entry receptor NTCP

The analysis showed that bulevirtide forms three functional domains in the interaction with the HBV/HDV receptor NTCP: a myristoyl group that interacts with the cell membrane on the outside of the cell; an essential core sequence ('plug') that fits precisely into the bile salt transport tunnel of the NTCP like the bit of a key into a lock; and an amino acid chain that stretches across the extracellular surface of the receptor, enclosing it like a brace.

"The formation of a 'plug' in the transport tunnel and the associated inactivation of the bile salt transporter is so far unique among all known virus-receptor complexes. This structure explains why the physiological function of the NTCP is inhibited when patients are treated with bulevirtide," says Prof Stephan Urban, DZIF Professor of Translational Virology and Deputy Coordinator of the DZIF research area Hepatitis, in whose laboratory at Heidelberg University the active agent bulevirtide was developed.

"Thanks to the structural details of the interaction with bulevirtide, we have also gained insights that enable the development of smaller active agents -- so-called peptidomimetics -- with improved pharmacological properties. Our structural analysis also lays the foundation for the development of drugs that are not only based on peptides and possibly enable oral administration," adds the co-author of the study, Prof Joachim Geyer from the Institute of Pharmacology and Toxicology at Justus Liebig University Giessen.




Evolutionary adaptation of hepatitis B viruses to host species

The structural analysis also helped to decode an important factor in the species specificity of hepatitis B and D viruses. According to the findings of the analysis, the amino acid at position 158 of the NTCP amino acid chain plays an essential role in virus-receptor interaction. A change in the amino acid at this position prevents the binding of HBV/HDV. This explains why certain Old World monkeys, such as macaques, cannot be infected by HBV/HDV.

"Our findings enable a deeper understanding of the evolutionary adaptation of human and animal hepatitis B viruses to their hosts and also provide an important molecular basis for the development of new and targeted drugs," adds co-author Prof Dieter Glebe, DZIF scientist at the Institute of Medical Virology at Justus Liebig University Giessen.

"Our research results are an important step in the fight against hepatitis D and B. By understanding the structure of bulevirtide and its binding to NTCP, we can potentially develop more targeted and effective treatments for millions of people chronically infected with HBV/HDV," says Prof. Kaspar Locher, last author of the publication and head of the structural biology team at ETH Zurich, summarising the study results.
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New insight into combating drug-resistant prostate cancer | ScienceDaily
New research from the University of Eastern Finland sheds light on the significance of the glucocorticoid receptor in drug-resistant prostate cancer, showing that the development of drug resistance could be prevented by limiting the activity of coregulator proteins.


						
Glucocorticoids regulate vital biological processes by affecting gene encoding through a DNA-binding transcription factor, namely the glucocorticoid receptor. The activity of the glucocorticoid receptor is made extensive use of in medicine because glucocorticoids have a strong anti-inflammatory effect. For this reason, synthetic glucocorticoids are one of the most prescribed drugs in the world. They are used to treat inflammatory diseases, such as rheumatoid arthritis, and as adjuvant therapy for cancer patients to alleviate the side effects of cancer therapy. In blood cancer, glucocorticoids are important drugs that limit the growth of cancer cells.

However, recent studies have shown that the glucocorticoid receptor also has an oncogenic, or cancer-promoting, effect in cancers like breast and prostate cancer. In prostate cancer, the glucocorticoid receptor can replace the activity of the androgen receptor, which is main oncogenic factor in this cancer, when its activity is inhibited by drug therapy. Thus, glucocorticoids help prostate cancer develop resistance to drug therapy.

"Due to these drug resistance and cancer-promoting effects, it is important to study how the glucocorticoid receptor functions on the cellular and molecular level in cancer," Academy Research Fellow, Docent Ville Paakinaho of the University of Eastern Finland notes.

The Paakinaho Lab has published two recent genome-wide deep sequencing studies on the subject. The first, published in Nucleic Acids Research, explored how the glucocorticoid receptor replaces the androgen receptor on the molecular level.

"This study showed that the glucocorticoid receptor can only use regulatory regions that are already active in prostate cancer cells," says Doctoral Researcher Laura Helminen of the University of Eastern Finland.

In other words, glucocorticoid receptor-mediated drug resistance emerges through these regulatory regions, and by affecting the activity of these areas, the harmful effects of glucocorticoids in prostate cancer could be prevented. Bioinformatics analyses indicated the pioneer transcription factor FOXA1 as one possible target. FOXA1 is known to have cancer-promoting properties, which is why the researchers assumed that inhibiting its activity would limit the development of glucocorticoid receptor-mediated drug-resistant prostate cancer. Surprisingly however, the effect was exactly the opposite: inhibiting the activity of FOXA1 further increased the activity of the glucocorticoid receptor -- and the development of drug resistance.




This is because FOXA1 was found to be involved in the silencing of the glucocorticoid receptor gene, and this is what increased its activity when FOXA1 was inhibited.

"Research often reveals the unexpected, and that's part of its charm," Paakinaho says.

The activity of the glucocorticoid receptor in regulatory regions can, however, be influenced in drug-resistant prostate cancer through an alternative pathway. Coregulator proteins were identified as an alternative target through which the glucocorticoid receptor affects the regulation of gene expression. These proteins include EP300 and CREBBP. Several pharmaceutical companies are developing small-molecule inhibitors targeting these proteins, and some are already being studied in patients.

In another study by the Paakinaho Lab, the researchers explored ways to inhibit glucocorticoid receptor-mediated effects by inhibiting coregulator proteins. These findings were reported in Cellular and Molecular Life Sciences.

"Silencing the EP300 and CREBBP proteins with a small-molecule inhibitor clearly prevented the activity of the glucocorticoid receptor in prostate cancer cells," Project Researcher Jasmin Huttunen of the University of Eastern Finland says.

This allowed the growth of drug-resistant prostate cancer cells to be inhibited. Furthermore, the researchers found that silencing EP300 and CREBBP also effectively inhibited the activity of the androgen receptor especially in prostate cancer cells that have an amplification of the androgen receptor gene. This amplification is found in up to half of patients with advanced prostate cancer.

Surprisingly, the EP300 and CREBBP inhibitor also inhibited the activity of FOXA1, while still preserving its ability to silence the expression of the glucocorticoid receptor gene. By using the EP300 and CREBBP inhibitor, it was possible to block the activity of FOXA1 without the development of glucocorticoid receptor-mediated drug resistance. Ultimately, inhibiting the activity of both the androgen and the glucocorticoid receptor was found to be primarily due to the limitation of FOXA1 activity. The study suggests that treatment targeting coregulator proteins could also be effective in untreated prostate cancer.

The studies were funded by the Research Council of Finland, the Sigrid Juselius Foundation, and the Cancer Foundation Finland.
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3D mouth of an ancient jawless fish suggests they were filter-feeders, not scavengers or hunters | ScienceDaily
Early jawless fish were likely to have used bony projections surrounding their mouths to modify the mouth's shape while they collected food.


						
Experts led by the University of Birmingham have used CT scanning techniques to build up the first 3D pictures of these creatures, which are some of the earliest vertebrates (animals with backbones) in which the mouth is fossilised. Their aim was to answer questions about feeding in early vertebrates without jaws in the early Devonian epoch -- sometimes called the Age of Fishes -- around 400 million years ago.

Feeding behaviours are commonly used by scientists to help piece together early evolution of vertebrates, and different jaw shapes and constructions can suggest a broad range of feeding strategies. In the absence of jaws, many competing theories have been developed ranging from biting and slicing, to filtering food from sediment or water.

In a new study, published in Proceedings of the Royal Society B, an international team of palaeontologists have been able to visualise the mouth parts of one of these jawless fish, called Rhinopteraspis dunensis, in detail. The images revealed the structure and arrangement of finger-like bones that project from the lower 'lip' of the animal's mouth, which the scientists believe acted to control the mouth's size and shape as it captured food particles from surrounding water.

Senior author and project lead Dr Ivan Sansom said: "The application of CT scanning techniques to the study of fossil fish is revealing so much new information about these ancient vertebrates and giving us the opportunity to study precious and unique specimens without destructive investigation."

Lead author Dr Richard Dearden explained: "In this case, these methods have allowed us to fit all of the small bones of this animal's mouth together, and try and understand how it fed from this integrated system rather than by using isolated bones. Instead of a steady trend towards 'active food acquisition' -- scavenging or hunting -- we see a real diversity and range of feeding behaviours among our earliest vertebrate relatives."

The reconstruction produced by the team shows that the bony plates around the mouth would have had limited movement, making it unlikely that the animals were hunters capable of 'biting'. In combination with an elongated snout, they would also have found it difficult to scoop and filter sediment directly from the bottom of the sea. However these plates would have allowed it to control opening of the mouth, and perhaps strain food from water in a way also used by animals such as flamingos or oysters.




The findings offer a new perspective on theories of vertebrate evolution, since current hypotheses argue that long term evolutionary trends move from passive food consumption to increasingly predatory behaviour. In contrast, the work outlined in this paper suggests that in fact, early vertebrates had a broad range of different feeding behaviours long before jawed animals started to appear.

The study was funded by the Leverhulme Trust and is part of a collaborative project between the University of Birmingham, the Natural History Museum, and the University of Bristol, in the UK, and Naturalis Biodiversity Centre, in the Netherlands.
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Lead author Dr Richard Dearden explained: "In this case, these methods have allowed us to fit all of the small bones of this animal's mouth together, and try and understand how it fed from this integrated system rather than by using isolated bones. Instead of a steady trend towards 'active food acquisition' -- scavenging or hunting -- we see a real diversity and range of feeding behaviours among our earliest vertebrate relatives."

The reconstruction produced by the team shows that the bony plates around the mouth would have had limited movement, making it unlikely that the animals were hunters capable of 'biting'. In combination with an elongated snout, they would also have found it difficult to scoop and filter sediment directly from the bottom of the sea. However these plates would have allowed it to control opening of the mouth, and perhaps strain food from water in a way also used by animals such as flamingos or oysters.

The findings offer a new perspective on theories of vertebrate evolution, since current hypotheses argue that long term evolutionary trends move from passive food consumption to increasingly predatory behaviour. In contrast, the work outlined in this paper suggests that in fact, early vertebrates had a broad range of different feeding behaviours long before jawed animals started to appear.

The study was funded by the Leverhulme Trust and is part of a collaborative project between the University of Birmingham, the Natural History Museum, and the University of Bristol, in the UK, and Naturalis Biodiversity Centre, in the Netherlands.
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A promising target for new RNA therapeutics now accessible | ScienceDaily
Only recently, a new era in medicine began with the first RNA vaccines. These active substances are modified RNAs that trigger immune responses of the human immune system. Another approach in RNA medicine targets the body's own RNA and its protein modulators by specifically tailored active substances. Peng Wu, research group leader at the Chemical Genomics Centre at the Max Planck Institute of Molecular Physiology in Dortmund, and colleagues, have now developed the first small-molecule inhibitors against the RNA-modifying enzyme METTL16. The methyltransferase is responsible for the regulation of different RNAs and is a promising anti-cancer target. The new findings lay the foundation for a comprehensive investigation of the role of METTL16 in health and disease and are a step closer towards the development of therapeutic agents targeting such RNA modifiers.


						
RNA has long been considered only as a passive messenger in the cell, produced by DNA transcription to transfer genetic information to the protein factories, the ribosomes. However, it has turned out, that RNA does much more than that. In addition to the coding DNA just described, there is also non-coding DNA controlling many cellular processes by regulating the activity of genes at many levels. No less than a dozen RNA classes have been identified nowadays. RNAi for example, is used by the cell to degrade particular RNA targets to silence genes, when it comes to fighting foreign viral DNA.

Readers, writers, and erasers

RNA interacts with a plethora of biomolecules, not only other RNAs or DNA but also proteins and metabolites. The resulting regulatory complexes control diverse vital cellular processes and errors can cause diseases. RNA's fate is determined by chemical modifications that affect its stability, structure and interactions and thereby its fate. More than 170 distinct RNA modifications have been described so far. The most abundant is the methylation on the N6-position of the RNA-nucleotide adenosine (m6A). It allows the cell to quickly respond to environmental changes by initiating appropriate cellular responses, such as division, differentiation or migration. This is why RNA-methylation needs to be tightly controlled, taken care of by a set of proteins: "writers" deposit, "readers" recognize and "erasers" remove the methyl group.

New substance prevents writing to RNA 

Aberrant RNA methylation has been associated with cancers and other human diseases, making "writers" an attractive therapeutic target. Only a handful of RNA m6A writers have been identified so far. And only for one of them, METTL3, potent inhibitors have been reported. These molecules prevent the writer from absorbing the ink, the biomolecule S-adenosyl methionine (SAM). The group of Peng Wu has now identified the first inhibitor of the writer METTL16. However, in contrast to the before-mentioned inhibitors, it showed a different mode of action: it prevents the interaction of METTL16 with RNA. The scientists were able to identify this new type of inhibitor by developing an assay evaluating the disruption between METTL16 and a fluorophore-labeled mRNA substrate.

"Certain cancer cells have elevated writer levels and are also more vulnerable to reduction of SAM levels, which makes them promising anticancer targets. However, the exact biological consequences of METTL16's binding to RNA substrates are not yet clearly determined. With our work, we lay the foundation for a better investigation of the role of METTL16 in disease and health, but also for the development of novel RNA-targeting therapeutics," says Peng Wu.
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Novel UV broadband spectrometer revolutionizes air pollutant analysis | ScienceDaily
Sunlight has a major influence on chemical processes. Its high-energy UV radiation in particular is strongly absorbed by all materials and triggers photochemical reactions of the substances present in the air. A well-known example is the formation of ground-level ozone when UV light hits nitrogen oxides. A research team led by Birgitta Schultze-Bernhardt from the Institute of Experimental Physics at Graz University of Technology (TU Graz) is now utilising this high reaction potential for a new method of environmental monitoring. They have developed the world's first broadband UV dual-comb spectrometer with which air pollutants can be continually measured and their reaction with the environment can be observed in real time. A paper on the development has been recently published in the journal Optica.


						
Dual-comb spectrometers have been around for almost 20 years. Here, a source emits light in a broad wavelength range, which, when arranged according to its optical frequencies, is reminiscent of the teeth of a comb. If this light penetrates a gaseous material sample, the molecules it contains absorb some of the light. The altered light wavelengths allow conclusions to be drawn about the ingredients and optical properties of the analysed gas.

Laser light pulses cause gas molecules to rotate and vibrate

The special feature of the spectrometer developed by Birgitta Schultze-Bernhardt is that a laser system emits double light pulses in the ultraviolet spectrum. When this UV light meets gas molecules, it excites the molecules electronically and also causes them to rotate and vibrate -- so-called rovibronic transitions -- which are unique to each gaseous substance. In addition, the broadband UV dual-comb spectrometer combines three properties that conventional spectrometers have so far only been able to offer in part: (1) a large bandwidth of the emitted UV light, which means that a great deal of information about the optical properties of the gas samples can be collected with a single measurement; (2) a high spectral resolution, which in future will also enable the investigation of complex gas mixtures such as our Earth's atmosphere; and (3) short measurement times when analysing the gas samples. "This makes our spectrometer suitable for sensitive measurements by which changes in gas concentrations and the course of chemical reactions can be observed very precisely," explains Lukas Furst, PhD student in the Coherent Sensing working group and first author of the publication.

Developed and tested using formaldehyde as an example

The researchers developed and tested their spectrometer using formaldehyde. The air pollutant is produced when fossil fuels and wood are burned, as well as indoors through vapours from adhesives used in furniture. "With our new spectrometer, formaldehyde emissions in the textile or wood processing industries as well as in cities with increased smog levels can be monitored in real time, thus improving the protection of personnel and the environment," explains Birgitta Schultze-Bernhardt. The application of the spectrometer can also be transferred to other air pollutants such as nitrogen oxides and ozone and other climate-relevant trace gases. The research team hopes that this will provide new findings about their effects in the atmosphere. Based on this, new strategies for improving air quality could be derived.
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Obese and overweight children at risk of iron deficiency | ScienceDaily
Children and young people who are overweight or obese are at significantly higher risk of iron deficiency, according to a study by nutritional scientists at the University of Leeds.


						
Researchers from the School of Food Science and Nutrition examined thousands of medical studies from 44 countries involving people under the age of 25 where levels of iron and other vitamins and minerals had been recorded alongside weight.

They found that iron deficiency was associated with both underweight and overweight children and adolescents.

By contrast, zinc and vitamin A deficiencies were only observed in children who were undernourished, leading researchers to conclude that iron deficiency in overweight children is probably due to inflammation disrupting the mechanisms that regulate iron absorption.

The results of the research which was funded by the UK Biotechnology and Biological Sciences Research Council are published today (10 May 2024) in the journal BMJ Global Health.

Iron deficiency in children has a negative effect on brain function, including attention, concentration and memory, and can increase the risk of conditions, such as autism and ADHD.

It is already recognised as a problem in adults living with obesity, but this research is the first to look at the association in children.




Lead author Xiaomian Tan, a Doctoral Researcher in the University of Leeds' School of Food Science and Nutrition said: "The relationship between undernutrition and critical micronutrients for childhood growth and development is well established, but less is known about the risk of deficiencies in iron, vitamin A and zinc in children and adolescents who are overweight or obese, making this a hidden form of malnutrition.

"Our research is hugely important given the high prevalence of obesity in children. We hope it will lead to increased recognition of the problem by healthcare practitioners and improvements in clinical practice and care."

Hidden hunger

Historically the problem has been linked to malnutrition and is a particular concern for lower- and middle-income countries where hunger may be the leading cause of mortality for young children.

Increasingly though it is being recognised that vitamin and mineral deficiencies can also occur in people who are overweight and obese and who have a nutrient-poor but energy-dense diet, something which has been described as 'hidden hunger'.

In high-income countries it is associated with ultra-processed foods that are high in fat, sugar, salt, and energy but in lower- and middle-income countries obesity is often associated with poverty and monotonous diets with limited choices of staples such as corn, wheat, rice, and potatoes.




Many developing countries are now facing a double burden of malnutrition alongside overnutrition due to the rapid increase in the global prevalence of obesity in recent decades, especially in children aged between five and 19.

Undernutrition versus overnutrition

The research also highlights differences in focus between higher income countries and developing nations, with most studies in Africa and Asia focusing on undernutrition and those from North America and Europe focusing entirely on overnutrition.

The researchers say this is particularly concerning as both Africa and Asia are experiencing the highest double burden of malnutrition due to economic growth and the transition to a western-style high-sugar, high-fat diet.

Between the years 2000 and 2017, the number of overweight children under the age of five in Africa increased from 6.6 to 9.7 million, and in Asia that figure rose from 13.9 to 17.5 million. At the same time, there was an increase in the number of stunted children under 5, from 50.6 to 58.7 million in Africa.

Research supervisor Bernadette Moore, Professor of Nutritional Sciences in Leeds' School of Food Science and Nutrition, said: "These stark figures underscore the fact that the investigation of micronutrient deficiencies in relation to the double burden of malnutrition remains critically important for child health.

"By the age of 11 here in the UK, one in three children are living with overweight or obesity, and our data suggests that even in overweight children inflammation leading to iron deficiency can be an issue.

"Iron status may be the canary in the coalmine, but the real issue is that prolonged inflammation leads to heart disease, diabetes and fatty liver."

Increasing physical activity and improving diet have been shown to reduce inflammation and improve iron status in children and the researchers are now calling for further studies into the effectiveness of these interventions.

They also believe that more research is needed into micronutrient deficiencies and the double burden of malnutrition and overnutrition in countries where there are currently gaps in data.
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AI makes retinal imaging 100 times faster, compared to manual method | ScienceDaily
Researchers at the National Institutes of Health applied artificial intelligence (AI) to a technique that produces high-resolution images of cells in the eye. They report that with AI, imaging is 100 times faster and improves image contrast 3.5-fold. The advance, they say, will provide researchers with a better tool to evaluate age-related macular degeneration (AMD) and other retinal diseases.


						
"Artificial intelligence helps overcome a key limitation of imaging cells in the retina, which is time," said Johnny Tam, Ph.D., who leads the Clinical and Translational Imaging Section at NIH's National Eye Institute.

Tam is developing a technology called adaptive optics (AO) to improve imaging devices based on optical coherence tomography (OCT). Like ultrasound, OCT is noninvasive, quick, painless, and standard equipment in most eye clinics.

Imaging RPE cells with AO-OCT comes with new challenges, including a phenomenon called speckle. Speckle interferes with AO-OCT the way clouds interfere with aerial photography. At any given moment, parts of the image may be obscured. Managing speckle is somewhat similar to managing cloud cover. Researchers repeatedly image cells over a long period of time. As time passes, the speckle shifts, which allows different parts of the cells to become visible. The scientists then undertake the laborious and time-consuming task of piecing together many images to create an image of the RPE cells that's speckle-free.

Tam and his team developed a novel AI-based method called parallel discriminator generative adverbial network (P-GAN) -- a deep learning algorithm. By feeding the P-GAN network nearly 6,000 manually analyzed AO-OCT-acquired images of human RPE, each paired with its corresponding speckled original, the team trained the network to identify and recover speckle-obscured cellular features.

When tested on new images, P-GAN successfully de-speckled the RPE images, recovering cellular details. With one image capture, it generated results comparable to the manual method, which required the acquisition and averaging of 120 images. With a variety of objective performance metrics that assess things like cell shape and structure, P-GAN outperformed other AI techniques. Vineeta Das, Ph.D., a postdoctoral fellow in the Clinical and Translational Imaging Section at NEI, estimates that P-GAN reduced imaging acquisition and processing time by about 100-fold. P-GAN also yielded greater contrast, about 3.5 greater than before.

"Adaptive optics takes OCT-based imaging to the next level," said Tam. "It's like moving from a balcony seat to a front row seat to image the retina. With AO, we can reveal 3D retinal structures at cellular-scale resolution, enabling us to zoom in on very early signs of disease."

While adding AO to OCT provides a much better view of cells, processing AO-OCT images after they've been captured takes much longer than OCT without AO.




Tam's latest work targets the retinal pigment epithelium (RPE), a layer of tissue behind the light-sensing retina that supports the metabolically active retinal neurons, including the photoreceptors. The retina lines the back of the eye and captures, processes, and converts the light that enters the front of the eye into signals that it then transmits through the optic nerve to the brain. Scientists are interested in the RPE because many diseases of the retina occur when the RPE breaks down.

By integrating AI with AO-OCT, Tam believes that a major obstacle for routine clinical imaging using AO-OCT has been overcome, especially for diseases that affect the RPE, which has traditionally been difficult to image.

"Our results suggest that AI can fundamentally change how images are captured," said Tam. "Our P-GAN artificial intelligence will make AO imaging more accessible for routine clinical applications and for studies aimed at understanding the structure, function, and pathophysiology of blinding retinal diseases. Thinking about AI as a part of the overall imaging system, as opposed to a tool that is only applied after images have been captured, is a paradigm shift for the field of AI."
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Impact of aldehydes on DNA damage and aging | ScienceDaily
A team of researchers at Nagoya University in Japan has discovered that aldehydes are metabolic byproducts associated with premature aging. Published in Nature Cell Biology, their findings reveal insights into premature aging diseases and potential strategies to combat aging in healthy individuals such as controlling exposure to aldehyde-inducing substances including alcohol, pollution, and smoke.


						
A person's health can be harmed by aldehydes. However, the group's findings suggest these detrimental effects also include aging. The team who made this discovery included Yasuyoshi Oka, Yuka Nakazawa, Mayuko Shimada, and Tomoo Ogi of Nagoya University.

"DNA damage is linked with aging phenotypes," said Oka. "However, for the first time, we propose a relationship between aldehyde-derived DNA damage and premature aging."

The researchers hypothesized that there might be a link between aldehydes and aging since individuals with premature aging disorders, like AMeD syndrome, exhibit inadequate activity of enzymes, like ALDH2, that break down aldehydes.

For healthy individuals, ALDH2 is also important in our response to alcohol. When a person drinks wine or beer, the liver metabolizes the alcohol into aldehydes so it can be eliminated from the body. The activity of ALDH2 is important for converting the aldehydes into a non-toxic substance.

Aldehydes are harmful because they are highly reactive with DNA and proteins. In the body, they form DNA-protein crosslinks (DPCs) that block important enzymes in typical cell proliferation and maintenance processes, causing these processes to malfunction and the patient to age.

Focusing on DPCs caused by aldehyde, the scientists used a method called DPC-seq to investigate the link between aldehyde accumulation and DNA damage in premature-aging disease patients. In a series of experiments, the researchers discovered that the TCR complex, VCP/p97, and the proteasome are involved in the removal of formaldehyde-induced DPCs in actively transcribed regions. This was confirmed by a mouse model lacking both aldehyde clearance processes and the TCR pathway that showed worse AMeD syndrome symptoms.




These processes are important because they are related to the clearance of aldehydes. It suggests an association between premature aging diseases and aldehyde accumulation.

Professor Ogi is hopeful about the implications of their findings, stating: "By elucidating the mechanism by which DNA damage heals quickly, we have revealed part of the cause of genetic premature aging."

"Our research opens up new avenues for understanding the underlying mechanisms of premature aging diseases and offers potential targets for therapeutic intervention," Oka said. "By elucidating the role of aldehydes in DNA damage and aging, we are paving the way for future studies aimed at developing novel treatments and interventions."

He continued: "The development of therapeutic drugs has not progressed because we have not fully understood the causes of AMeD syndrome and Cockayne syndrome. This study suggests that the patient's pathological condition is related to DPC derived from aldehydes generated within cells. These results are expected to help in the search for compounds that remove aldehydes, thus aiding in the formulation of therapeutic drug candidates."

This research has implications that extend beyond genetic diseases, as their findings suggest that aldehyde-induced DNA damage may play a role in the aging process in healthy individuals too. By pinpointing aldehydes as substances that contribute to aging, this study sheds light on the intricate connection between environmental factors and cellular aging. This may have significant implications for human health and lifespan.
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New method of measuring qubits promises ease of scalability in a microscopic package | ScienceDaily
Chasing ever-higher qubit counts in near-term quantum computers constantly demands new feats of engineering.


						
Among the troublesome hurdles of this scaling-up race is refining how qubits are measured. Devices called parametric amplifiers are traditionally used to do these measurements. But as the name suggests, the device amplifies weak signals picked up from the qubits to conduct the readout, which causes unwanted noise and can lead to decoherence of the qubits if not protected by additional large components. More importantly, the bulky size of the amplification chain becomes technically challenging to work around as qubit counts increase in size-limited refrigerators.

Cue the Aalto University research group Quantum Computing and Devices (QCD). They have a hefty track record of showing how thermal bolometers can be used as ultrasensitive detectors, and they just demonstrated in an April 10 Nature Electronics paper that bolometer measurements can be accurate enough for single-shot qubit readout.

A new method of measuring

To the chagrin of many physicists, the Heisenberg uncertainty principle determines that one cannot simultaneously know a signal's position and momentum, or voltage and current, with accuracy. So it goes with qubit measurements conducted with parametric voltage-current amplifiers. But bolometric energy sensing is a fundamentally different kind of measurement -- serving as a means of evading Heisenberg's infamous rule. Since a bolometer measures power, or photon number, it is not bound to add quantum noise stemming from the Heisenberg uncertainty principle in the way that parametric amplifiers are.

Unlike amplifiers, bolometers very subtly sense microwave photons emitted from the qubit via a minimally invasive detection interface. This form factor is roughly 100 times smaller than its amplifier counterpart, making it extremely attractive as a measurement device.

'When thinking of a quantum-supreme future, it is easy to imagine high qubit counts in the thousands or even millions could be commonplace. A careful evaluation of the footprint of each component is absolutely necessary for this massive scale-up. We have shown in the Nature Electronics paper that our nanobolometers could seriously be considered as an alternative to conventional amplifiers. In our very first experiments, we found these bolometers accurate enough for single-shot readout, free of added quantum noise, and they consume 10,000 times less power than the typical amplifiers -- all in a tiny bolometer, the temperature-sensitive part of which can fit inside of a single bacterium,' says Aalto University Professor Mikko Mottonen, who heads the QCD research group.




Single-shot fidelity is an important metric physicists use to determine how accurately a device can detect a qubit's state in just one measurement as opposed to an average of multiple measurements. In the case of the QCD group's experiments, they were able to obtain a single-shot fidelity of 61.8% with a readout duration of roughly 14 microseconds. When correcting for the qubit's energy relaxation time, the fidelity jumps up to 92.7%.

'With minor modifications, we could expect to see bolometers approaching the desired 99.9% single-shot fidelity in 200 nanoseconds. For example, we can swap the bolometer material from metal to graphene, which has a lower heat capacity and can detect very small changes in its energy quickly. And by removing other unnecessary components between the bolometer and the chip itself, we can not only make even greater improvements on the readout fidelity, but we can achieve a smaller and simpler measurement device that makes scaling-up to higher qubit counts more feasible,' says Andras Gunyho, the first author on the paper and a doctoral researcher in the QCD group.

Prior to demonstrating the high single-shot readout fidelity of bolometers in their most recent paper, the QCD research group first showed that bolometers can be used for ultrasensitive, real-time microwave measurements in 2019. They then published in 2020 a paper in Nature showing how bolometers made of graphene can shorten readout times to well below a microsecond.

The work was carried out in the Research Council of Finland Centre of Excellence for Quantum Technology (QTF) using OtaNano research infrastructure in collaboration with VTT Technical Research Centre of Finland and IQM Quantum Computers. It was primarily funded by the European Research Council Advanced Grant ConceptQ and the Future Makers Program of the Jane and Aatos Erkko Foundation and the Technology Industries of Finland Centennial Foundation.
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Study shedding new light on Earth's global carbon cycle could help assess liveability of other planets | ScienceDaily
Research has uncovered important new insights into the evolution of oxygen, carbon, and other vital elements over the entire history of Earth - and it could help assess which other planets can develop life, ranging from plants to animals and humans.


						
The study, published today in Nature Geoscience and led by a researcher at the University of Bristol, reveals for the first time how the build up of carbon-rich rocks has accelerated oxygen production and its release into the atmosphere. Until now the exact nature of how the atmosphere became oxygen-rich has long eluded scientists and generated conflicting explanations.

As carbon dioxide is steadily emitted by volcanoes, it ends up entering the ocean and forming rocks like limestone. As global stocks of these rocks build up they can then release their carbon during tectonic processes, including mountain building and metamorphism.

Using this knowledge, the scientists built a unique sophisticated computer model to more accurately chart key changes in the carbon, nutrient and oxygen cycles deep into Earth's history, over 4 billion years of the planet's lifetime.

Lead author and biogeochemist Dr Lewis Alcott, Lecturer in Earth Sciences at the University of Bristol, said: "This breakthrough is important and exciting because it may help us understand how planets, other than Earth, have the potential to support intelligent, oxygen-breathing life.

"Previously we didn't have a clear idea of why oxygen rose from very low concentrations to present-day concentrations, as computer models haven't previously been able to accurately simulate all the possible feedbacks together. This has puzzled scientists for decades and created different theories."

The discovery indicates that older planets, originating billions of years ago like Earth, may have better prospects to accumulate enough carbon-rich deposits in their crust, which could facilitate rapid recycling of carbon and nutrients for life.

The findings showed this gradual carbon enrichment of the crust results in ever-increasing recycling rates of carbon and various minerals, including the nutrients needed for photosynthesis, the process green plants use sunlight to absorb nutrients from carbon dioxide and water. This cycle therefore steadily speeds up oxygen production over the passage of Earth's history.

The research, which started whilst Dr Alcott was a Hutchinson Postdoctoral Fellow at Yale University in the United States, paves the way for future work to further unravel the complex interrelationships between planetary temperature, oxygen, and nutrients.

Co-author Prof Benjamin Mills, Professor of Earth System Evolution at the University of Leeds, said: "We have lots of information about distant stars and the size of the planets that orbit them. Soon this could be used to make a prediction of the planet's potential chemistry, and new advances in telescope technology should let us know if we are correct."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240410112711.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Breakthrough for next-generation digital displays | ScienceDaily
Researchers at Linkoping University, Sweden, have developed a digital display screen where the LEDs themselves react to touch, light, fingerprints and the user's pulse, among other things. Their results, published in Nature Electronics, could be the start of a whole new generation of displays for phones, computers and tablets.


						
"We've now shown that our design principle works. Our results show that there is great potential for a new generation of digital displays where new advanced features can be created. From now on, it's about improving the technology into a commercially viable product," says Feng Gao, professor in optoelectronics at Linkoping University (LiU).

Digital displays have become a cornerstone of almost all personal electronics. However, the most modern LCD and OLED screens on the market can only display information. To become a multi-function display that detects touch, fingerprints or changing lighting conditions, a variety of sensors are required that are layered on top of or around the display.

Researchers at Linkoping University have now developed a completely new type of display where all sensor functions are also found in the display's LEDs without the need of any additional sensors.

The LEDs are made of a crystalline material called perovskite. Its excellent ability of light absorption and emission is the key that enables the newly developed screen.

In addition to the screen reacting to touch, light, fingerprints and the user's pulse, the device can also be charged through the screen thanks to the perovskites' ability to also act as solar cells.

"Here's an example -- your smartwatch screen is off most of the time. During the off-time of the screen, instead of displaying information, it can harvest light to charge your watch, significantly extending how long you can go between charges," says Chunxiong Bao, associate professor at Nanjing University, previously a postdoc researcher at LiU and the lead author of the paper.

For a screen to display all colours, there needs to be LEDs in three colours -- red, green and blue -- that glow with different intensity and thus produce thousands of different colours. The researchers at Linkoping University have developed screens with perovskite LEDs in all three colours, paving the way for a screen that can display all colours within the visible light spectrum.

But there are still many challenges to be solved before the screen is in everyone's pocket. Zhongcheng Yuan, researcher at the University of Oxford, previously postdoc at LiU and the other lead author of the paper, believes that many of the problems will be solved within ten years:

"For instance, the service life of perovskite LEDs needs to be improved. At present, the screen only works for a few hours before the material becomes unstable, and the LEDs go out," he says.
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Scientists identify pro-aging 'sugar signature' in the blood of people living with HIV | ScienceDaily
The Wistar Institute's associate professor Mohamed Abdel-Mohsen, Ph.D., along with his team and collaborators, has identified sugar abnormalities in the blood that may promote biological aging and inflammation in people living with HIV (PLWH). The findings, taken from a large data study comprising more than 1200 participants, are detailed in the new paper, "Immunoglobulin G N-glycan Markers of Accelerated Biological Aging During Chronic HIV Infection," published in the journal Nature Communications.


						
Despite advances in HIV treatment, notably the success of antiretroviral therapy (ART) in suppressing the virus to undetectable levels, HIV remains incurable, with the virus persisting in a dormant state within the body. This chronic presence is linked to long-term health issues, including persistent inflammation and a higher prevalence of aging-related diseases such as cancer and neurocognitive disorders. These conditions tend to occur more frequently and at an earlier age in PLWH compared to the general population.

Abdel-Mohsen seeks to understand how chronic viral infection causes this accelerated biological aging, which refers to the body aging faster than one's chronological years would typically indicate. By understanding the molecular mechanisms behind accelerated biological aging in people living with chronic viral infections, scientists can begin to formulate strategies to mitigate the negative effects.

While many factors in the body can contribute to accelerated biological aging, researchers focused on a novel factor: abnormalities of the human glycome -- the totality of the various sugar structures circulating throughout the body. Previous studies have established a connection between aging and shifts in the glycan composition of immunoglobulins (IgGs), which are critical for immune regulation. As people age, their IgGs lose anti-inflammatory properties and gain pro-inflammatory characteristics.

Abdel-Mohsen's research investigates whether living with a chronic viral infection, such as HIV infection, exacerbates these changes, leading to premature aging and related diseases.

By comparing glycan profiles in more than 1200 individuals, both with and without HIV, the team discovered that PLWH exhibit elevated levels of inflammatory and pro-aging IgG glycan signatures. In a remarkable step forward, the team developed a machine-learning model that uses these glycan signatures to estimate the biological age of PLWH and assess the rate of aging acceleration. This glycan signature also has the potential to predict the onset of comorbid conditions in PLWH, such as cancer, years in advance.

To confirm that these glycan-associated disruptions were causal rather than merely correlative, the research team engineered HIV-specific antibodies designed to exhibit the same kind of aberrant IgG glycan modifications observed in PLWH. Testing these glycoengineered antibodies in vitro confirmed that the modified antibodies were less effective at mounting an immune response than their unmodified counterparts, suggesting that these sugar abnormalities might directly contribute to the worse clinical outcomes observed. Importantly, when they designed these antibodies to have glycans similar to those found in biologically younger individuals, these antibodies demonstrated a remarkable ability to enhance the immune system's ability to fight virus-infected cells.

"Utilizing glycan signatures to predict early onset of diseases in people living with HIV marks a pivotal shift towards proactive healthcare," said Abdel-Mohsen. "This could significantly alter clinical outcomes, allowing for timely interventions and personalized treatment plans. The impact on treatment and management in the HIV community could be revolutionary. Beyond biomarkers, antibodies glycoengineered to mimic biologically younger glycans offer a new therapeutic avenue. This method could enhance immune responses, paving the way for innovative treatments."
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New strategy for assessing the applicability of reactions | ScienceDaily
Chemists often develop and optimise new chemical reactions using so-called model systems, i.e. simple, easily accessible substrates. They then use up to around 100 other substrates as examples to show that the reaction works. This demonstration of versatile applicability is called "scope" in technical jargon. However, a subjective selection of substrates often results in a distorted picture of the range of applications of the newly developed reaction. It is often unclear whether it can be used to synthesise a desired product. To address this problem, a team led by chemist Prof Frank Glorius from the University of Munster (Germany) is proposing a computer-aided, bias-free method for selecting the model substrates to evaluate new chemical reactions.


						
The selection of substrates is based on the complexity and structural properties of real pharmaceutical compounds. "Our method aims to improve the quality and information content of chemical reaction data in the future and to close knowledge gaps," explains Frank Glorius. A deeper understanding of new reactions lowers the barriers to their application in both an academic and industrial context. The availability of high-quality, unbiased data also significantly facilitates the use of machine learning and paves the way for a more comprehensive use of the data. The work has been published in the journal ACS Central Science.

According to the team's authors, attempts to standardise and objectify the development and evaluation of chemical reactions are still quite new and relatively uncommon. "We would like to initiate a 'rethinking process' with our publication. Instead of doing as many experiments as possible, which are often biased or have a predictable outcome, the focus should be on obtaining the best possible data about new chemical reactions," says first author Debanjan Rana.

Other scientists have also tried to evaluate chemical reactions on the basis of "better" selected substrates. However, this work was limited to special cases -- either to firmly selected structures with pharmaceutical relevance or to structures specially tailored for a single reaction, which have to be calculated and selected in a complex process. In contrast to the previous work, the method presented by the Munster team takes the entire structure of a molecule into account, which makes it universally applicable for any chemical reaction.

Niklas Holter, one of the paper's authors in Munster, explains the thought process behind the study: "Scope is of central importance in all publications on chemical synthesis. However, chemists are often biased in their choice of substrate compounds to test. For example, they choose substrates that are structurally very simple, very similar to the model substrate or simply just available in the laboratory ('selection bias'). They often don't mention unsuccessful reactions at all in their publication in order to paint a better picture ('reporting bias')."

When synthesising new chemical compounds, such as active ingredients or materials, chemists have to select the most suitable method for producing the target compound from a large number of known chemical reactions and methods. To do this, they consider several factors such as the yield of the desired product as well as environmental and safety aspects. The development of new, versatile chemical reactions therefore continues to be a focus of current chemical research.

The method developed by the team at the University of Munster used molecular fingerprints to transfer all approved active pharmaceutical ingredients into a digital code. Using unsupervised machine-learning and clustering methods, they created a model that divides this "space" of active pharmaceutical ingredients into chemically meaningful regions based on the molecular structures. To evaluate a new chemical reaction, thousands of potential test substrates can be projected into the same space using the machine-learning model. A test substrate is automatically selected from the centre of each of the previously identified regions to cover the entire space without bias.
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Cockayne syndrome: New insights into cellular DNA repair mechanism | ScienceDaily
Cockayne syndrome is a severe autosomal recessive disorder caused by defective DNA repair mechanisms. People with the disease have much reduced life expectancy and suffer from facial deformities; growth failure; neurological, cognitive, and sensory impairments; bone, joint, and muscle deformities; kidney problems; and premature aging. Like xeroderma pigmentosum (XP), Cockayne syndrome (CS) is a disease where elements of nucleotide excision repair (NER) do not work properly. The purpose of this repair mechanism is to remove DNA damage caused by ultraviolet (UV) light, chemicals, and various other environmental factors.


						
Researchers from the group of biochemist Professor Julian Stingele from LMU's Gene Center Munich have now uncovered important details about the role of the CSB/ERCC6 and CSA/ERCC8 genes involved in Cockayne syndrome. These genes encode two enzymes associated with DNA repair. The results of their work have been published in the journal Nature Cell Biology. "Our data point to a new, previously unknown function of these two genes and their gene products in the repair of covalent DNA-protein interactions in the course of transcription," reports Stingele, referring to the cytotoxic, biologically undesirable crosslinking of proteins to DNA.

An obstacle for transcription

In collaboration with researchers from the University of Cambridge, the scientists demonstrated that DNA-protein crosslinks present a physical obstacle to further transcription. Arresting transcription brings CS proteins to the blockade sites. "Our results indicate that CSB and CSA then initiate the transcription-coupled repair of the toxic DNA-protein crosslinks," says Stingele. "This previously unrecognized cellular function of CS proteins leads to the marking of the DNA damage -- and thence to its enzymatic breakdown."

The study also revealed that this newly discovered function of CS proteins works independently of classic TC-NER (transcription-coupled nucleotide excision repair) enzymes, which are deployed, among other things, for repairing DNA damage caused by UV light -- and the absence of which leads to xeroderma pigmentosum. "The fact that CS proteins have additional functions is noteworthy. This discovery could help to explain the pathological differences between xeroderma pigmentosum and Cockayne syndrome," says Stingele. CS is a more severe and more multifaceted disorder than XP, with complex and incompletely understood causes. As their next step, Stingele's research group plans to decode the exact process of CS-protein-mediated repair.
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Waterproof 'e-glove' could help scuba divers communicate | ScienceDaily
When scuba divers need to say "I'm okay" or "Shark!" to their dive partners, they use hand signals to communicate visually. But sometimes these movements are difficult to see. Now, researchers reporting in ACS Nano have constructed a waterproof "e-glove" that wirelessly transmits hand gestures made underwater to a computer that translates them into messages. The new technology could someday help divers communicate better with each other and with boat crews on the surface.


						
E-gloves -- gloves fitted with electronic sensors that translate hand motions into information -- are already in development, including designs that allow the wearer to interact with virtual reality environments or help people recovering from a stroke regain fine motor skills. However, rendering the electronic sensors waterproof for use in a swimming pool or the ocean, while also keeping the glove flexible and comfortable to wear, is a challenge. So Fuxing Chen, Lijun Qu, Mingwei Tian and colleagues wanted to create an e-glove capable of sensing hand motions when submerged underwater.

The researchers began by fabricating waterproof sensors that rely on flexible microscopic pillars inspired by the tube-like feet of a starfish. Using laser writing tools, they created an array of these micropillars on a thin film of polydimethylsiloxane (PDMS), a waterproof plastic commonly used in contact lenses. After coating the PDMS array with conductive layer of silver, the researchers sandwiched two of the films together with the pillars facing inward to create a waterproof sensor. The sensor -- roughly the size of a USB-C port -- is responsive when flexed and can detect a range of pressures comparable to the light touch of a dollar bill up to the impact of water streaming from a garden hose. The researchers packaged 10 of these waterproof sensors within self-adhesive bandages and sewed them over the knuckles and first finger joints of their e-glove prototype.

To create a hand-gesture vocabulary for the researchers' demonstration, a participant wearing the e-glove made 16 gestures, including "OK" and "Exit." The researchers recorded the specific electronic signals generated by the e-glove sensors for each corresponding gesture. They applied a machine learning technique for translating sign language into words to create a computer program that could translate the e-glove gestures into messages. When tested, the program translated hand gestures made on land and underwater with 99.8% accuracy. In the future, the team says a version of this e-glove could help scuba divers communicate with visual hand signals even when they cannot clearly see their dive partners.

The authors acknowledge funding from the Shiyanjia Lab, National Key Research and Development Program, Taishan Scholar Program of Shandong Province in China, Shandong Province Key Research and Development Plan, Shandong Provincial Universities Youth Innovation Technology Plan Team, National Natural Science Foundation of China, Natural Science Foundation of Shandong Province of China, Shandong Province Science and Technology Small and Medium sized Enterprise Innovation Ability Enhancement Project, Natural Science Foundation of Qingdao, Qingdao Key Technology Research and Industrialization Demonstration Projects, Qingdao Shinan District Science and Technology Plan Project, and Suqian Key Research and Development Plan.
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Microplastic 'hotspots' identified in Long Island Sound | ScienceDaily
Forensic and environmental experts have teamed up to develop a new scientific method to pinpoint microplastic pollution 'hotspots' in open waters.


						
A study by Staffordshire University, The Rozalia Project for a Clean Ocean and Central Wyoming College trialled the technique in New York's Long Island Sound.

Professor Claire Gwinnett from Staffordshire University explained: "Long Island Sound was a location of interest because it has lots of factors that can cause pollution.

"It is an estuary that has high populations of wildlife, it is a busy transport route frequented by cargo ships and is a popular fishing area. Located adjacent to New York City, it is also highly populated and a major tourist destination."

Funded, in part, by the National Geographic Society, the study saw samples collected from the deck of the 60' oceanographic sailing research vessel, American Promise. The team took 1 litre 'grab samples' of surface water every 3 miles from the East River along the middle of Long Island Sound to The Race, where it meets Rhode Island Sound.

Grab sampling allows analysis of specific locations, with the researchers applying a statistical approach to identify hotspots where microplastics were most in evidence.

"People often use the term 'hotspot' but it is not scientifically defined. Previous studies have used largely subjective methods, without the use of any rules or thresholds that differentiate hotspots from non-hotspots," Professor Gwinnett commented.




"Our study proposed a simple yet objective method for determining hotspots using standard deviation values. This is the first time that this has been done."

Two primary and two secondary hotspots were observed, near either end of the sampling area. There is potentially a "bottleneck" effect in the narrower zones or, conversely, a dilution effect in the wider section of Long Island Sound. Similarly, hotspots were observed as being close to or in line with a river mouth, specifically the Thames and Connecticut Rivers.

Overlaying heat maps of various types of shipping and vessel traffic with the microparticle heat map from this study shows potential similarities. In particular, between areas of high recreational and passenger vessel traffic and higher microplastic concentration.

Professor Gwinnett said: "We need to consider factors that might influence these results, such as population, geography and human use. The identified hotspots, however, were found in both densely populated areas and adjacent to some of the least densely populated land areas surrounding Long Island Sound.

"The first step in combatting this type of pollution is by characterizing microparticle samples so that we can begin to understand where they might have come from."

97% of samples contained human-made particulates. Microparticles were classified as 76.14% fibres and 23.86% fragments. 47.76% of the fibres were synthetic and 52.24% were non-synthetic.




Forensic science approaches developed by Staffordshire University were used to analyse the microparticles -- including type, colour, shape, material, presence of delusterant and width -- which identified 30 unique categories of potential sources of pollution.

Rachael Miller, Expedition lead and Rozalia Project Founder, explained: "Unlike larger fragments of plastic, which may exhibit clear features that easily identify its original source, such as bottle cap ridges or a partial logo, this is generally very difficult for microparticles unless an analysis approach which fully characterizes the particle is used.

"Identifying a specific type of item from which a microparticle came from e.g. pair of jeans, carpet, tyre or personal hygiene product increases the likelihood of discovering the mechanism for transport to the environment. That, in turn, increases opportunities to prevent a subset of microplastic pollution."

The authors are now calling for reference databases of potential pollutants of waterways. PhD researcher Amy Osbourne specialises in forensic fibre analysis at Staffordshire University after progressing from the undergraduate degree in Forensic Investigation.

She said: "We cannot confidently identify the sources of pollution without being able to cross reference samples against large, easily searched known provenance databases. Such databases are already used in forensic science when identifying sources of evidence found at crime scenes.

"For example, we might begin with a database of all the different types of fishing nets or tarpaulins that we know are commonly used in areas like Long Island Sound."

Professor Gwinnett added: "While more research is needed to fully understand microplastics concentrations and implications of this pollution, the very presence is enough to engage in solution development and solution-deployment."
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Revascularization enhances quality of life for patients with chronic limb threatening ischemia | ScienceDaily
Study reveals diminished quality of life among patients with chronic limb-threatening ischemia, a severe form of peripheral artery disease, and emphasizes the benefits of revascularization on wellbeing


						
Over 200 million people around the world experience peripheral artery disease (PAD) -- a condition caused by the narrowing of the blood vessels from the heart to the lower limbs that leads to pain when walking -- and for roughly 1-in-10 this advances to chronic limb-threatening ischemia (CLTI), an advanced form of PAD. Those with CLTI often suffer severe pain even at rest, caused by fatty plaque buildup obstructing blood flow, typically to the leg or foot. Those with CLTI face elevated risks of amputation, cardiovascular disease and premature death, yet research on the condition's impact on quality of life remains limited.

Investigators from both of Mass General Brigham's founding members, Brigham and Women's Hospital (BWH) and Massachusetts General Hospital (MGH), as well as Boston Medical Center (BMC), sought to address this problem. Following their previous study highlighting the clinical results of the BEST-CLI trial -- Best Endovascular versus Best Surgical Therapy for Patients with Critical Limb Ischemia -- published in the New England Journal of Medicine (NEJM), the team assessed patient health-related quality of life before and after revascularization treatment. Results are published in Circulation.

"Our study indicates that patients with CLTI have a notably poor quality of life -- substantially lower than with many other chronic conditions," said Matthew Menard, MD, co-director of the Endovascular Surgery Program at BWH and co-principal investigator of BEST-CLI. "Our findings show that revascularization, which restores sufficient blood flow back into the legs, significantly improves quality of life. This confirms the critical role that revascularization plays not just in extending the length of patients' lives but also its importance in optimizing their wellbeing."

Among patients with CLTI, those eligible for surgical treatment often have two options: surgical bypass (Bypass), where surgeons restore blood and oxygen to the lower limb by reconstructing the blocked vessel, or endovascular therapy (Endo), which involves placing a stent or catheter inside an artery and opening it up to bring blood flow through a blockage.

Funded by the National Heart, Lung, and Blood Institute, with ongoing post-enrollment support from theNovo Nordisk Foundation, the BEST-CLI trial enrolled over 1,800 patients with CLTI from 150 research sites in the U.S., Canada, Finland, Italy, and New Zealand between August of 2014 and October of 2019. Investigators assessed how clinical outcomes (previously reported in NEJM) and quality of life metrics varied between revascularization techniques.

"Medicine is generally moving towards a more patient-centric model of care. That means looking at what's best for each patient, taking into account an evidence-based approach. Quality of life is one important element in this determination," said co-principal investigator Kenneth Rosenfield, MD, head of the Section of Vascular Medicine and Intervention in the Division of Cardiology at MGH.




Investigators sorted 1,528 participants into two cohorts. The first cohort was made up of 1,193 patients, all of whom had an available, good-quality, single-segment great saphenous vein (SSGSV), which previous studies have shown is optimal for Bypass. The second cohort was made up of 335 patients who did not have an available SSGSV. Patients in both cohorts were randomized to undergo Bypass or Endo procedures. Researchers assessed quality of life by administering voluntary surveys asking participants about pain levels, activities of daily living, disease symptoms and severity, physical activity, and mental health (anxiety and depression). Surveys were collected at baseline, 30 days post-procedure, at three months, 12 months, then once yearly until the end of the study.

"Patient-reported outcome measures are essential to our understanding of the patient experience," said co-principal investigator Alik Farber, MD, MBA, interim chair of the Department of Surgery, chief of the Division of Vascular and Endovascular Surgery at BMC and professor of Surgery and Radiology at Boston University Chobanian & Avedisian School of Medicine. "Yet these metrics are not often used and sometimes ignored. Here we found an opportunity to hear our patients' voices and use them to improve CLTI outcomes."

While the trial's previously published clinical outcomes revealed that patients treated with Bypass had fewer major amputations and less need for repeat procedures than those treated with Endo, quality of life did not significantly differ between treatments. Survey results instead revealed that participants generally experienced significant improvements in quality of life after treatment, regardless of their cohort or whether they underwent Bypass or Endo. They further highlighted that patients with CLTI overwhelmingly conveyed that their quality of life was low upon entering the trial, before receiving treatment.

This study is limited in that patients filled out quality-of-life questionnaires at distinct periods throughout the trial, but these time points did not necessarily line up with significant health events such as additional revascularization procedures or amputations. Further, there remains a dearth of quality-of-life research for patients with PAD, and there are no specific metrics to assess the quality of life for patients with PAD or CLTI.

Going forward, the team aims to assess differences in the cost-effectiveness of these procedures, and how cost, among other factors, affects patient quality of life and overall health outcomes.

"The next step is to integrate quality-of-life measures into a more sophisticated care plan to account for the clinical status of the patient and the cost-effectiveness of treatment options, both for the patient and the viability of the healthcare system," said Farber.
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A new screening protocol can detect aggressive prostate cancers more selectively | ScienceDaily
A large randomized trial conducted at Tampere University and the University of Helsinki shows that a new three-step prostate cancer screening method can find a considerable number of aggressive cancers. Population-level screening programmes have not been launched in most countries including Finland.


						
The ProScreen trial coordinated by Tampere University and the University of Helsinki investigated the performance of a three-step prostate cancer screening method. The aim was to analyse whether the new method would efficiently reduce mortality while decreasing the major adverse effect of previous screening methods: the overdiagnosing of insignificant prostate cancers.

Some prostate cancers are clinically insignificant because they do not become symptomatic even when left untreated. Such cancers are frequently detected at autopsy. Thus, treating cancer with a good prognosis does not bring benefits, but the treatment itself can still harm the patients' quality of life.

The screening method used in the ProScreen study includes two blood tests and, if necessary, magnetic resonance imaging (MRI) of the prostate. The previously studied screening method has only been based on one blood test, the prostate-specific antigen test (PSA).

In the ProScreen study, both blood tests were positive in 7% of the participants and they were invited to an MRI of the prostate. In about half of these men, a suspicious area was detected by MRI and a prostate biopsy was taken.

Cancer was eventually found in about 2% of the participants. Clinically insignificant cancers were diagnosed in four in a thousand men.

"We have previously demonstrated that PSA screening can decrease prostate cancer mortality to some extent. However, PSA screening produces so many unnecessary cancer diagnoses that the harms outweigh the benefits. The new results show that the three-step method now used produces fewer insignificant cancer diagnoses than PSA screening," says Professor of Epidemiology Anssi Auvinen from Tampere University.




Diagnosing cancer with a good prognosis is not beneficial

Some prostate cancers are clinically insignificant, i.e. they will not progress to the symptomatic stage or cause any harm. The co-lead investigator of the project, Professor of Urology Antti Rannikko from the University of Helsinki, points out that the detection of such latent cancers does not bring any benefits and that they should not even be diagnosed.

"The vast majority of tumours found with the previous PSA screenings are low-risk cases that are likely to represent overdiagnosis. Most of them do not progress to the symptomatic stage even when left untreated. If a prostate cancer with a good prognosis is diagnosed, the primary treatment is always active surveillance," Rannikko says.

Local prostate cancer is usually treated surgically or with radiation therapy. The common side effects of treatment include erectile dysfunction, urinary incontinence, and bowel symptoms.

The main goal of screening is to reduce cancer mortality

The study included more than 60,000 men aged 50 -- 63 years who were randomly allocated for either the three-step screening or a control group without intervention.




The study continues and the study population will expand to also include the neighbouring municipalities of Tampere and Helsinki. Men who have already participated will be invited to a new screening after 2 -- 6 years based on the outcomes of their first screening.

No population-level screening programme has been launched in Finland or in most other European countries but there is a health policy debate on the topic.

According to the researchers, only preliminary evidence of the benefits of the new screening model is available so far. However, the results seem to indicate that major benefits could potentially be achieved in the future. The benefits can only be estimated after a 10-year follow up when the effects on prostate cancer mortality have been analysed.

"The aim of cancer screening is always to reduce mortality. The main criterion for decisions on cancer screening should always be the reduction of mortality to be gained," Auvinen says.

"The ProScreen study, due to its large size and randomised design, can produce the research evidence needed to justify screening decisions," he adds. There is currently no reliable research data on the benefits and harms of MRI screening.

The study was carried out by a large team of researchers, including radiologists, pathologists, urologists, and experts from other fields at Tampere University and Tampere University Hospital (TAYS), as well as the University of Helsinki and Helsinki University Hospital (HUS). The cooperation partners included the local laboratory networks and Lund University.

The study was supported by Cancer Foundation Finland, Research Council of Finland, Jane and Aatos Erkko Foundation, Paivikki and Sakari Sohlberg Foundation and state research funding administered by the Pirkanmaa wellbeing county.

The research article was published in the JAMA -- Journal of the American Medical Association.

Prostate cancer is the most common cancer in men.
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Deforestation harms biodiversity of the Amazon's perfume-loving orchid bees | ScienceDaily
A survey of orchid bees in the Brazilian Amazon state of Rondonia, carried out in the 1990s, is shedding new light the impact of deforestation on the scent-collecting pollinators, which some view as bellwethers of biodiversity in the neotropics.


						
The findings, from a researcher at the University of Kansas, are published today in the peer-reviewed journal Biological Conservation.

"This study on orchid bees was an add-on to previous research on stingless bees. Orchid bees are so easy to collect, so we added them to our broader survey of bee biodiversity across this rapidly developing region in the Amazon," said lead author J. Christopher Brown, professor of geography & atmospheric science at KU. "We've known for decades that particular fragrances like eucalyptus oil, for example, attract male orchid bees, which naturally collect similar fragrances from orchids to use in mating. All you do is dip cotton balls into a variety of chemical attractants and hang these on a string in the open air. The bees start arriving in minutes, hovering around the baits and displaying their often metallic-hued blue and green colors."

A specimen from the genus Euglossa collected during the study in Rondonia, Brazil.

Brown said that this ease of collection, in part, has made orchid bees, native to the tropical rainforests of the Americas, a regular subject of studies to determine the impact of deforestation and forest fragmentation on biodiversity. In a region of intense deforestation, the bees, because they are pollinators, help reveal the toll on local ecosystems more broadly.

"They were among the first types of organisms studied to understand the impact of that deforestation on the general biology and ecology of an area," he said. The researchers identified species of orchid bee,Eulaema nigrita and 11 other species, that are particularly associated with degraded vs. preserved environments, respectively."

Of the experience in the field with orchid bees, Brown said, "I had previously seen orchid bees in museum collections, but seeing them in the field was a wholly different experience. It's breathtaking seeing these bees appear at the baits out of nowhere."

Brown conducted all the fieldwork in 1996 based on a methodology developed with Marcio Oliveira, currently of the National Institute for Amazonian Research in Manaus, who was a fellow graduate student at the time.




"He suggested that, given our opportunity to collect stingless bees in Rondonia, we should also include orchid bees in our research," Brown said. "To achieve this, we developed the methodology with the assistance of two young beekeepers from the region who temporarily abandoned their farming activities to join us in collecting bees throughout the state of Rondonia. Due to various commitments, publication was delayed. Fortunately, the scientific community appreciates the sharing of long-past data and observations."

While the data concerns bees that lived decades ago, their scientific value remains high. In part, this is because the survey covered a much broader geographic area -- the entire state of Rondonia -- than previous studies of orchid bees. The researchers said their aim was to discover impacts on orchid bees beyond the scale of forest patches and fragments.

"Reviewers acknowledged the age of our data but commended the diversity of species we discovered and our unique methodology," Brown said. "While conventional studies involve yearlong collection efforts in a handful of forest fragments, we sampled the bee population in 130 locations across the state in just an hour at each location. This unconventional approach revealed a wealth of bee diversity previously undocumented by others. Our results serve as an important baseline for future studies of biodiversity in the region."

The survey revealed one of the most diverse communities of orchid bees ever found (2,497 individuals, represented by five genera and 48 species across 12 collection zones and 130 sample locations). A rare species of parasitic bee (Aglae caerulea), one that lays eggs in the nests of other species, was found along with two species that are new to science.

However, the researchers report their work revealed the "richness, abundance and composition" of the bee populations were "signficantly impacted by agricultural colonization after as little as 10-17 years of settlement by colonist farmers and ranchers."

Brown said protecting orchid bee habitat and rainforests in general could largely be a matter of internal Brazilian politics and economics, but there were ways to boost their conservation.




"We are optimistic that stricter enforcement of environmental laws under Brazil's new administration will lead to lower deforestation rates in the Amazon," Brown said. "Additionally, there have been market-oriented strategies, such as the moratorium on purchases of soybeans from recently deforested land, that have slowed deforestation, an important finding from previous work published in PLOS ONE."

According to Brown, consumers largely are unaware of these conservation efforts because they are primarily organized at a high level involving agreements among large transportation companies, major soybean producers and large international environmental organizations.

"Our research highlighted the substantial reduction in deforestation resulting from these agreements," he said. "In light of this, the question arises: What actions can consumers take? Many of these initiatives are led by prominent environmental organizations that wield influence with both industry and government. When these organizations yield tangible results, individuals may consider contributing to support their endeavors, particularly if the cause aligns with their interests and is scientifically backed. Such contributions can make a discernible impact."
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Research uncovers differences between men and women in sleep, circadian rhythms and metabolism | ScienceDaily
A new review of research evidence has explored the key differences in how women and men sleep, variations in their body clocks, and how this affects their metabolism.


						
Published in Sleep Medicine Reviews, the paper highlights the crucial role sex plays in understanding these factors and suggests a person's biological sex should be considered when treating sleep, circadian rhythm and metabolic disorders.

Differences in sleep

The review found women rate their sleep quality lower than men's and report more fluctuations in their quality of sleep, corresponding to changes throughout the menstrual cycle.

"Lower sleep quality is associated with anxiety and depressive disorders, which are twice as common in women as in men," says Dr Sarah L. Chellappa from the University of Southampton and senior author of the paper. "Women are also more likely than men to be diagnosed with insomnia, although the reasons are not entirely clear. Recognising and comprehending sex differences in sleep and circadian rhythms is essential for tailoring approaches and treatment strategies for sleep disorders and associated mental health conditions."

The paper's authors also found women have a 25 to 50 per cent higher likelihood of developing restless legs syndrome and are up to four times as likely to develop sleep-related eating disorder, where people eat repeatedly during the night.

Meanwhile, men are three times more likely to be diagnosed with obstructive sleep apnoea (OSA). OSA manifests differently in women and men, which might explain this disparity. OSA is associated with a heightened risk of heart failure in women, but not men.




Sleep lab studies found women sleep more than men, spending around 8 minutes longer in non-REM (Rapid Eye Movement) sleep, where brain activity slows down. While the time we spend in NREM declines with age, this decline is more substantial in older men. Women also entered REM sleep, characterised by high levels of brain activity and vivid dreaming, earlier than men.

Variations in body clocks

The team of all women researchers from the University of Southampton in the UK, and Stanford University and Harvard University in the United States, found differences between the sexes are also present in our circadian rhythms.

They found melatonin, a hormone that helps with the timing of circadian rhythms and sleep, is secreted earlier in women than men. Core body temperature, which is at its highest before sleep and its lowest a few hours before waking, follows a similar pattern, reaching its peak earlier in women than in men.

Corresponding to these findings, other studies suggest women's intrinsic circadian periods are shorter than men's by around six minutes.

Dr Renske Lok from Stanford University, who led the review, says: "While this difference may be small, it is significant. The misalignment between the central body clock and the sleep/wake cycle is approximately five times larger in women than in men. Imagine if someone's watch was consistently running six minutes faster or slower. Over the course of days, weeks, and months, this difference can lead to a noticeable misalignment between the internal clock and external cues, such as light and darkness.




"Disruptions in circadian rhythms have been linked to various health problems, including sleep disorders, mood disorders and impaired cognitive function. Even minor differences in circadian periods can have significant implications for overall health and well-being."

Men tend to be later chronotypes, preferring to go to bed and wake up later than women. This may lead to social jet lag, where their circadian rhythm doesn't align with social demands, like work. They also have less consistent rest-activity schedules than women on a day-to-day basis.

Impact on metabolism

The research team also investigated if the global increase in obesity might be partially related to people not getting enough sleep -- with 30 per cent of 30- to 64-year-olds sleeping less than six hours a night in the United States, with similar numbers in Europe.

There were big differences between how women's and men's brains responded to pictures of food after sleep deprivation. Brain networks associated with cognitive (decision making) and affective (emotional) processes were twice as active in women than in men. Another study found women had a 1.5 times higher activation in the limbic region (involved in emotion processing, memory formation, and behavioural regulation) in response to images of sweet food compared to men.

Despite this difference in brain activity, men tend to overeat more than women in response to sleep loss. Another study found more fragmented sleep, taking longer to get to sleep, and spending more time in bed trying to get to sleep were only associated with more hunger in men.

Both women and men nightshift workers are more likely to develop type 2 diabetes, but this risk is higher in men. Sixty-six per cent of women nightshift workers experienced emotional eating and another study suggests they are around 1.5 times more likely to be overweight or obese compared to women working day shifts.

The researchers also found emerging evidence on how women and men respond differently to treatments for sleep and circadian disorders. For example, weight loss was more successful in treating women with OSA than men, while women prescribed zolpidem (an insomnia medication) may require a lower dosage than men to avoid lingering sleepiness the next morning.

Dr Chellappa added: "Most of sleep and circadian interventions are a newly emerging field with limited research on sex differences. As we understand more about how women and men sleep, differences in their circadian rhythms and how these affect their metabolism, we can move towards more precise and personalised healthcare which enhances the likelihood of positive outcomes."

The research was funded by the Alexander Von Humboldt Foundation, the US Department of Defense and the National Institute of Health.
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The evolving attitudes of Gen X toward evolution | ScienceDaily
As the centennial of the Scopes Monkey Trial of 1925 approaches, a new study illustrates that the attitudes of Americans in Generation X toward evolution shifted as they aged.


						
The study, led by Jon D. Miller, research scientist emeritus in the Institute for Social Research at the University of Michigan, found that while students in middle and high school tended to express uncertain attitudes toward evolution, those attitudes solidified as they graduated high school, went to college and entered the workforce.

"Some may challenge whether the evolution issue is still of relevance and consider it to be a harmless curiosity," Miller said. "U.S. science and technology continue to prosper, although a substantial minority of American adults reject the idea that humans developed from earlier species of animals.

"However, we believe that there are numerous examples of public policy over recent decades when an understanding of basic biological constructs would have helped inform public and political debate on those issues."

The study, published in the journal Public Understanding of Science, used data collected from about 5,000 participants born in the center of Generation X, 1971-1974, over the course of 33 years, from middle school to midlife.

"Research on attitudes toward science typically uses a single survey or a series of surveys of different participants," Miller said. "Using the three-decade record from the Longitudinal Study of American Life enables our study to investigate how attitudes develop and shift over formative decades in the same individuals."

Middle school and high school students displayed a good deal of uncertainty about evolution, with a third having no attitude about evolution and 44% saying that the statement "human beings as we know them developed from earlier species of animals" was probably true or probably false, reflecting a degree of uncertainty about the issue.




During the 15 years after high school, 28% of these Generation X young adults concluded that evolution was definitely true and 27% thought that evolution was definitely false, according to co-author Mark Ackerman, a professor at Michigan Engineering, the U-M School of Information and Michigan Medicine.

"These results demonstrate the impact of postsecondary education, initial career experiences and the polarization of the political system in the United States," Ackerman said.

During the next 15 years (from their early 30s to their late 40s), these Generation X LSAL participants reported a small increase in the proportion of individuals seeing evolution as definitely true (30% in 2020) and a small decrease in the proportion seeing evolution as definitely false (23% in 2020). These results reflect the stabilization of the lives of LSAL respondents, with substantial numbers entering a career of their choice, starting a family and becoming more engaged with their community.

The study investigated the factors that were associated with the participants' attitudes toward evolution at three points during the study. As in a previous study by the same researchers, factors involving education tended to be strong predictors of the acceptance of evolution, while factors involving fundamentalist religious beliefs tended to be strong predictors of the rejection of evolution.

The experience of college-level science courses, the completion of baccalaureate or more advanced degrees, and the development of civic scientific literacy were strong predictors of increased acceptance of evolution.

"Our analysis of a unique longitudinal dataset allowed us to explore the development of attitudes toward a scientific topic in unprecedented detail," Miller said. "And understanding the public's attitudes toward evolution is of particular importance, since evolution is going to continue to be central to biological literacy and -- scientific literacy -- in the 21st century."

Besides Miller and Ackerman of the University of Michigan, authors included Belen Laspra and Carmelo Polino of the University of Oviedo (Spain), Glenn Branch of the National Center for Science Education, and Robert Pennock of Michigan State University.
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Brain stimulation treatment may improve depression, anxiety in older adults | ScienceDaily
A noninvasive brain stimulation treatment improved depression and anxiety symptoms among older adults in a new University of Florida-led study.


						
Improvements in depression and anxiety symptoms were greatest among patients who reported higher symptom levels before treatment. Among participants who experienced moderate to severe state anxiety -- or anxiety associated with stressful situations or events -- the treatment benefits persisted at a one-year followup.

The findings, published in the journal Brain Stimulation, suggest the treatment, known as transcranial direct current stimulation, or tDCS, holds promise as a noninvasive, drug-free option to treat depression and anxiety symptoms, which affect 1 in 4 older adults.

"Depression and anxiety can impact our overall mental health, cognitive function and ability to function independently as we age," said the study's senior author Adam Woods, Ph.D., the associate dean for research and a professor of clinical and health psychology at the UF College of Public Health and Health Professions and co-director of UF's Center for Cognitive Aging and Memory Clinical Translational Research. "Often, front-line treatments involve medication and/or therapy, which can both be effective. However, there is also a pressing need for accessible and noninvasive options that can be deployed in people who are either nonresponsive to pharmaceutical treatment, unable to access or participate in clinic-based intensive treatment programs, or for a variety of other reasons."

Treatment benefits in the UF-led study were seen among participants with subclinical depression and anxiety, meaning their symptoms may not meet the criteria for diagnosis. Yet, even subclinical depression and anxiety can be associated with cognitive decline in older adults, the researchers say.

The tDCS treatment is delivered by a safe and weak electrical current passed through electrodes placed on a person's head. Researchers targeted the prefrontal cortex, an area of the brain associated with cognition and emotion regulation.

The new study was conducted as part of the National Institute on Aging-funded Augmenting Clinical Training in Older Adults Study, the largest study of its kind with older adults participating at UF and University of Arizona study sites. Nearly 400 older adults were randomly assigned to one of two groups: 12 weeks of tDCS paired with cognitive training designed to improve working memory and processing speed, or 12 weeks of cognitive training paired with a placebo version of tDCS.




Investigators also collected a wealth of data from cognitive, functional and neuroimaging tests as well as self-report measures of psychological symptoms, including depression and anxiety.

After controlling for factors such as prescription drugs that may impact depression and anxiety symptoms, the study team found that participants who received the tDCS treatment had significant improvements in mild depression and moderate to severe state anxiety, compared with the group that did not receive tDCS.

"Extensive research has demonstrated the efficacy of active stimulation to this area of the brain in reducing psychological symptoms in individuals with diagnosed psychiatric disorders," said Hanna Hausman, the study's lead author and a UF PHHP clinical psychology Ph.D. student in neuropsychology. "It was an unexpected yet welcome surprise to witness similar effects in our sample of older adults without significant psychiatric histories, especially on a large scale. Demonstrating this therapeutic effect is important because even subclinical depression and anxiety symptoms in older adults are associated with adverse outcomes."

Next steps for this research should include a phase 3 randomized clinical trial designed to assess the effect of tDCS and cognitive training on anxiety among a large and diverse group of older adults, the investigators say. The Korea Food and Drug Administration has approved tDCS as an at-home treatment for depression for adults in South Korea, and with additional study, it could become an accessible and easy-to-use treatment in the U.S. once sufficient evidence is available for U.S. Food and Drug Administration approval.

"tDCS treatment is cost-effective, portable and can be seamlessly integrated with existing mental health therapies or used as a standalone intervention," Hausman said. "Its potential for at-home self-administration would further expand accessibility and reduce personnel costs, making it a promising intervention for individuals who may experience barriers accessing face-to-face clinical care."
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Respiratory allergies: Newly discovered molecule plays a major role in triggering inflammation | ScienceDaily
One of the molecules responsible for triggering the inflammation that causes allergic respiratory diseases, such as asthma and allergic rhinitis, has just been discovered by scientists from the CNRS, Inserm and the Universite Toulouse III -- Paul Sabatier. This molecule, from the alarmin family, represents a therapeutic target of major interest for the treatment of allergic diseases. The study, co-directed by Corinne Cayrol and Jean-Philippe Girard, is published in the Journal of Experimental Medicine on 10 April.


						
The inflammation process plays a crucial role in allergic respiratory diseases, such as asthma and allergic rhinitis. Although the pulmonary epithelium, the carpet of cells that forms the inner surface of the lungs, is recognised as a major player in the respiratory inflammation that causes these diseases, the underlying mechanisms are still poorly understood.

A research team has identified one of the molecules responsible for triggering these allergic reactions, in a study co-led by two CNRS and Inserm scientists working at l'Institut de pharmacologie et de biologie structural (CNRS/Universite Toulouse III -- Paul Sabatier). This molecule from the alarmin family, named TL1A, is released by lung epithelium cells a few minutes after exposure to a mould-type allergen. It cooperates with another alarmin, interleukin-33, to alert the immune system. This double alarm signal stimulates the activity of immune cells, triggering a cascade of reactions responsible for allergic inflammation.

Alarmins, therefore, constitute major therapeutic targets for the treatment of respiratory allergic diseases. In a few years' time, treatments based on antibodies blocking the TL1A alarmin could benefit patients suffering from severe asthma or other allergic diseases. In France, at least 17 million people are affected by allergic diseaseswith the most severe forms of asthma being responsible for several hundred deaths every year.
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Cold-affinity algae species are gradually being replaced by warm-affinity ones off the coast of Biscay | ScienceDaily
The temperature of our planet is rising rapidly. Ninety per cent of the excess heat generated has been absorbed by the sea and, as a result, the surface temperature of the oceans has risen significantly. In this context, immobile and temperature-sensitive organisms are particularly vulnerable.


						
In addition, there are places where the warming of the sea is more significant than in others. For example, off the Basque coast there has been a 0.23 degC increase in sea temperature per decade, compared with a global increase of 0.15 degC. Faced with this situation, the UPV/EHU's Marine Benthos Research Group explored how macroalgae communities in a coastal area off Biscay have been affected by warming. Together with the Blanes Centre for Advanced Research, the group investigated the changes that have taken place over the last 40 years. "It is important to study how macroalgae communities respond to temperature increases in order to preserve marine biodiversity, as they play essential roles in ecosystems," said biologist Olatz Arriaga-Telleria.

One of the main conclusions drawn is the increase in warm-affinity species in the macroalgae communities off the Basque coast due to the increase in temperature, while cold-affinity ones are becoming less numerous. This has led to profound transformations in community structure, as the species that have declined the most, such as Gelidium corneum, are structuring, i.e. they create three-dimensional environments that provide refuge for a wide variety of organisms. What is more, they provide suitable habitats for other algae, fish, invertebrates, etc., where food and protection from predators, among other things, can be found. "We did not detect other species that are replacing these important ecological functions while the structuring species are in decline, which signifies a degradation of the communities," Arriaga explained. The warm-affinity species that have proliferated are smaller and more simple in morphological terms.

Resilience of macroalgae communities

The research has also shown that macroalgae communities respond very quickly to changes in sea temperature. This can be deduced from the data over the last decade. In fact, the temperature increase has not been homogeneous over the 40 years analysed. While the general trend has been upward, the most recent period (2014-2020) investigated saw warmer temperatures. Arriaga explained that "this has allowed us to study what the short-term response of the macroalgae communities is like; we saw that over these 6 years the presence of structuring species at great depths, which had been lost, has partially recovered, while some warm-affinity species have decreased."

Although the resilience displayed by the macroalgae gives rise to some hope, the research team stresses it does not look as if sea temperature control will be taking place right away. And given that temperature is the main cause of structural transformations in macroalgae communities, the team does not envisage an easy future. So they regard continuing the research and increasing the frequency of monitoring as essential: "This would help to better understand the behaviour of the macroalgae communities and to take proactive measures to protect the habitats of vulnerable species." One example could be to identify the areas with the potential to become climate refugia. They are working to find solutions before the situation becomes irreversible.

Olatz Arriaga-Telleria is a biologist and is writing up her PhD thesis with a grant from the Basque Government in the Department of Plant Biology and Ecology at the Faculty of Science and Technology of the UPV/EHU. She belongs to the Marine Benthos Research Group, which studies the impacts of climate change and pollution on macroalgae communities.
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AI-assisted breast-cancer screening may reduce unnecessary testing | ScienceDaily
Using artificial intelligence (AI) to supplement radiologists' evaluations of mammograms may improve breast-cancer screening by reducing false positives without missing cases of cancer, according to a study by researchers at Washington University School of Medicine in St. Louis and Whiterabbit.ai, a Silicon Valley-based technology startup.


						
The researchers developed an algorithm that identified normal mammograms with very high sensitivity. They then ran a simulation on patient data to see what would have happened if all of the very low-risk mammograms had been taken off radiologists' plates, freeing the doctors to concentrate on the more questionable scans. The simulation revealed that fewer people would have been called back for additional testing but that the same number of cancer cases would have been detected.

"False positives are when you call a patient back for additional testing, and it turns out to be benign," explained senior author Richard L. Wahl, MD, a professor of radiology at Washington University's Mallinckrodt Institute of Radiology (MIR) and a professor of radiation oncology. "That causes a lot of unnecessary anxiety for patients and consumes medical resources. This simulation study showed that very low-risk mammograms can be reliably identified by AI to reduce false positives and improve workflows."

The study is published April 10 in the journal Radiology: Artificial Intelligence.

Wahl previously collaborated with Whiterabbit.ai on an algorithm to help radiologists judge breast density on mammograms to identify people who could benefit from additional or alternative screening. That algorithm received clearance from the Food and Drug Administration (FDA) in 2020 and is now marketed by Whiterabbit.ai as WRDensity.

In this study, Wahl and colleagues at Whiterabbit.ai worked together to develop a way to rule out cancer using AI to evaluate mammograms. They trained the AI model on 123,248 2D digital mammograms (containing 6,161 showing cancer) that were largely collected and read by Washington University radiologists. Then, they validated and tested the AI model on three independent sets of mammograms, two from institutions in the U.S. and one in the United Kingdom.

First, the researchers figured out what the doctors did: how many patients were called back for secondary screening and biopsies; the results of those tests; and the final determination in each case. Then, they applied AI to the datasets to see what would have been different if AI had been used to remove negative mammograms in the initial assessments and physicians had followed standard diagnostic procedures to evaluate the rest.

For example, consider the largest dataset, which contained 11,592 mammograms. When scaled to 10,000 mammograms (to make the math simpler for the purposes of the simulation), AI identified 34.9% as negative. If those 3,485 negative mammograms had been removed from the workload, radiologists would have made 897 callbacks for diagnostic exams, a reduction of 23.7% from the 1,159 they made in reality. At the next step, 190 people would have been called in a second time for biopsies, a reduction of 6.9% from the 200 in reality. At the end of the process, both the AI rule-out and real-world standard-of-care approaches identified the same 55 cancers. In other words, this study of AI suggests that out of 10,000 people who underwent initial mammograms, 262 could have avoided diagnostic exams, and 10 could have avoided biopsies, without any cancer cases being missed.

"At the end of the day, we believe in a world where the doctor is the superhero who finds cancer and helps patients navigate their journey ahead," said co-author Jason Su, co-founder and chief technology officer at Whiterabbit.ai. "The way AI systems can help is by being in a supporting role. By accurately assessing the negatives, it can help remove the hay from the haystack so doctors can find the needle more easily. This study demonstrates that AI can potentially be highly accurate in identifying negative exams. More importantly, the results showed that automating the detection of negatives may also lead to a tremendous benefit in the reduction of false positives without changing the cancer detection rate."
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Connecting lab-grown brain cells provides insight into how our own brains work | ScienceDaily
The idea of growing a functioning human brain-like tissues in a dish has always sounded pretty far-fetched, even to researchers in the field. Towards the future goal, a Japanese and French research team has developed a technique for connecting lab-grown brain-mimicking tissue in a way that resembles circuits in our brain.


						
It is challenging to study exact mechanisms of the brain development and functions. Animal studies are limited by differences between species in brain structure and function, and brain cells grown in the lab tend to lack the characteristic connections of cells in the human brain. What's more, researchers are increasingly realizing that these interregional connections, and the circuits that they create, are important for many of the brain functions that define us as humans.

Previous studies have tried to create brain circuits under laboratory conditions, which have been advancing the field. Researchers from The University of Tokyo have recently found a way to create more physiological connections between lab-grown "neural organoids," an experimental model tissue in which human stem cells are grown into three-dimensional developmental brain-mimicking structures. The team did this by linking the organoids via axonal bundles, which is similar to how regions are connected in the living human brain.

"In single-neural organoids grown under laboratory conditions, the cells start to display relatively simple electrical activity," says co-lead author of the study Tomoya Duenki. "when we connected two neural organoids with axonal bundles, we were able to see how these bidirectional connections contributed to generating and synchronizing activity patterns between the organoids, showing some similarity to connections between two regions within the brain."

The cerebral organoids that were connected with axonal bundles showed more complex activity than single organoids or those connected using previous techniques. In addition, when the research team stimulated the axonal bundles using a technique known as optogenetics, the organoid activity was altered accordingly and the organoids were affected by these changes for some time, in a process known as plasticity.

"These findings suggest that axonal bundle connections are important for developing complex networks," explains Yoshiho Ikeuchi, senior author of the study. "Notably, complex brain networks are responsible for many profound functions, such as language, attention, and emotion."

Given that alterations in brain networks have been associated with various neurological and psychiatric conditions, a better understanding of brain networks is important. The ability to study lab-grown human neural circuits will improve our knowledge of how these networks form and change over time in different situations, and may lead to improved treatments for these conditions.
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Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials | ScienceDaily
In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.


						
The researchers from The University of Manchester describe a force-controlled release system that harnesses natural forces to trigger targeted release of molecules, which could significantly advance medical treatment and smart materials.

The discovery, published today in the journal Nature, uses a novel technique using a type of interlocked molecule known as rotaxane. Under the influence of mechanical force -- such as that observed at an injured or damaged site -- this component triggers the release of functional molecules, like medicines or healing agents, to precisely target the area in need. For example, the site of a tumour.

It also holds promise for self-healing materials that can repair themselves in situ when damaged, prolonging the lifespan of these materials. For example, a scratch on a phone screen.

Guillaume De Bo, Professor of Organic Chemistry at The University of Manchester, said: "Forces are ubiquitous in nature and play pivotal roles in various processes. Our aim was to exploit these forces for transformative applications, particularly in material durability and drug delivery.

"Although this is only a proof-of-concept design, we believe that our rotaxane-based approach holds immense potential with far reaching applications -- we're on the brink of some truly remarkable advancements in healthcare and technology."

Traditionally, the controlled release of molecules with force has presented challenges in releasing more than one molecule at once, usually operating through a molecular "tug of war" game where two polymers pull at either side to release a single molecule.




The new approach involves two polymer chains attached to a central ring-like structure that slide along an axle supporting the cargo, effectively releasing multiple cargo molecules in response to force application. The scientists demonstrated the release of up to five molecules simultaneously with the possibility of releasing more, overcoming previous limitations.

The breakthrough marks the first time scientists have been able to demonstrate the ability to release more than one component, making it one of the most efficient release systems to date.

The researchers also show versatility of the model by using different types of molecules, including drug compounds, fluorescent markers, catalyst and monomers, revealing the potential for a wealth of future applications.

Looking ahead, the researchers aim to delve deeper into self-healing applications, exploring whether two different types of molecules can be released at the same time. For example, the integration of monomers and catalysts could enable polymerization at the site of damage, creating an integrated self-healing system within materials.

They will also look to expand the sort of molecules that can be released.

Prof De Bo said: "We've barely scratched the surface of what this technology can achieve. The possibilities are limitless, and we're excited to explore further."
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A microbial plastic factory for high-quality green plastic | ScienceDaily
Engineered bacteria can produce a plastic modifier that makes renewably sourced plastic more processable, more fracture resistant and highly biodegradable even in sea water. The Kobe University development provides a platform for the industrial-scale, tunable production of a material that holds great potential for turning the plastic industry green.


						
Plastic is a hallmark of our civilization. It is a family of highly formable (hence the name), versatile and durable materials, most of which are also persistent in nature and therefore a significant source of pollution. Moreover, many plastics are produced from crude oil, a non-renewable resource. Engineers and researchers worldwide are searching for alternatives, but none have been found that exhibit the same advantages as conventional plastics while avoiding their problems. One of the most promising alternatives is polylactic acid, which can be produced from plants, but it is brittle and does not degrade well.

To overcome these difficulties, Kobe University bioengineers around TAGUCHI Seiichi together with the biodegradable polymer manufacturing company Kaneka Corporation decided to mix polylactic acid with another bioplastic, called LAHB, which has a range of desirable properties, but most of all it is biodegradable and mixes well with polylactic acid. However, in order to produce LAHB, they needed to engineer a strain of bacteria that naturally produces a precursor, by systematically manipulating the organism's genome through the addition of new genes and the deletion of interfering ones.

In the scientific journal ACS Sustainable Chemistry & Engineering, they now report that they could thus create a bacterial plastic factory that produces chains of LAHB in high amounts, using just glucose as feedstock. In addition, they also show that by modifying the genome, they could control the length of the LAHB chain and thus the properties of the resulting plastic. They were thus able to produce LAHB chains up to ten times longer than with conventional methods, which they call "ultra-high molecular weight LAHB."

Most importantly, by adding LAHB of this unprecedented length to polylactic acid, they could create a material that exhibits all the properties the researchers had aimed for. The resulting highly transparent plastic is much better moldable and more shock resistant than pure polylactic acid, and also biodegrades in seawater within a week. Taguchi comments on this achievement, saying "By blending polylactic acid with LAHB, the multiple problems of polylactic acid can be overcome in one fell swoop, and the so modified material is expected to become an environmentally sustainable bioplastic that satisfies the conflicting needs of physical robustness and biodegradability."

The Kobe University bioengineers, however, dream bigger. The strain of bacteria they used in this work is in principle able to use CO2 as a raw material. It should thus be possible to synthesize useful plastics directly from the greenhouse gas. Taguchi explains, "Through the synergy of multiple projects, we aim to realize a biomanufacturing technology that effectively links microbial production and material development."

This research was commissioned by the New Energy and Industrial Technology Development Organization of Japan (grant JPNP20005) and funded by the Ministry of Education, Culture, Sports, Science and Technology Japan (grant 19K22069) and the Japan Science and Technology Agency (grant JPMJTM19YC). It was conducted in collaboration with researchers from Kaneka Corporation and the National Institute of Advanced Industrial Science and Technology.
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        Pacific cities much older than previously thought
        New evidence of one of the first cities in the Pacific shows they were established much earlier than previously thought, according to new research. The study used aerial laser scanning to map archaeological sites on the island of Tongatapu in Tonga, showing Earth structures were being constructed in Tongatapu around AD 300.

      

      
        The hidden role of the Milky Way in ancient Egyptian mythology
        Astrophysicists shed light on the relationship between the Milky Way and the Egyptian sky-goddess Nut. The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

      

      
        How the body switches out of 'fight' mode
        Cortisone and other related glucocorticoids are extremely effective at curbing excessive immune reactions. But previously, astonishingly little was known about how they exactly do that. Researchers have now explored the molecular mechanism of action in greater detail. As the researchers report, glucocorticoids reprogram the metabolism of immune cells, activating the body's natural 'brakes' on inflammation. These findings lay the groundwork for development of anti-inflammatory agents with fewer an...

      

      
        New drug prevents flu-related inflammation and lung damage
        Findings show a newly created drug can prevent runaway inflammation while still allowing the immune system to handle the virus, even when given late into infection.

      

      
        Researchers discover how we perceive bitter taste
        A new study reveals the detailed protein structure of the TAS2R14, a bitter taste receptor that allows us to perceive bitter taste. In addition to solving the structure of this taste receptor, the researchers were also able to determine where bitter-tasting substances bind to TAS2R14 and how they activate them. The findings may lead to the development of drugs that targeting taste receptors.

      

      
        Does the time of day you move your body make a difference to your health?
        Undertaking the majority of daily physical activity in the evening is linked to the greatest health benefits for people living with obesity, according to researchers who followed the trajectory of 30,000 people over almost 8 years.

      

      
        3D mouth of an ancient jawless fish suggests they were filter-feeders, not scavengers or hunters
        Early jawless fish were likely to have used bony projections surrounding their mouths to modify the mouth's shape while they collected food. Experts have used CT scanning techniques to build up the first 3D pictures of these creatures, which are some of the earliest vertebrates (animals with backbones) in which the mouth is fossilized. Their aim was to answer questions about feeding in early vertebrates without jaws in the early Devonian epoch -- sometimes called the Age of Fishes -- around 400 m...

      

      
        Breakthrough for next-generation digital displays
        Researchers have developed a digital display screen where the LEDs themselves react to touch, light, fingerprints and the user's pulse, among other things. Their results could be the start of a whole new generation of displays for phones, computers and tablets.

      

      
        Connecting lab-grown brain cells provides insight into how our own brains work
        Researchers have developed a technique to connect lab-grown neural 'organoids' (three-dimensional developmental brain-like structures grown from human stem cells) using axonal bundles, similar to the connections between regions in the human brain. This technique allows brain networks to be better represented experimentally in the lab, and will improve understanding and studies of network-related brain disorders.

      

      
        Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials
        In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.

      

      
        Tiny plastic particles are found everywhere
        Microplastic particles can be found in the most remote ocean regions on earth. In Antarctica, pollution levels are even higher than previously assumed.

      

      
        What's quieter than a fish? A school of them
        Swimming in schools makes fish surprisingly stealthy underwater, with a group able to sound like a single fish. Engineers working with a high-tech simulation of schooling mackerel offer new insight into why fish swim in schools and promise for the design and operation of much quieter submarines and autonomous undersea vehicles.

      

      
        Do some mysterious bones belong to gigantic ichthyosaurs?
        Several similar large, fossilized bone fragments have been discovered in various regions across Western and Central Europe since the 19th century. The animal group to which they belonged is still the subject of much debate to this day. A study could now settle this dispute once and for all: The microstructure of the fossils indicates that they come from the lower jaw of a gigantic ichthyosaur. These animals could reach 25 to 30 meters in length, a similar size to the modern blue whale.

      

      
        After being insulted, writing down your feelings on paper then getting rid of it reduces anger
        Researchers have discovered a simple, but effective, strategy to help people reduce their feelings of anger. Disposing of a piece of paper containing your written thoughts on the cause of your anger can effectively neutralize it. This process is like a Japanese tradition called hakidashisara, in which people write their negative thoughts on a plate then destroy it. Their findings suggest a simple and effective method of suppressing anger supported by science.

      

      
        Pregnancy accelerates biological aging in a healthy, young adult population
        Pregnancy may carry a cost, reports a new study. The research shows that women who reported having been pregnant looked biologically older than women who had never been pregnant, and women who had been pregnant more often looked biologically older than those who reported fewer pregnancies.

      

      
        Engineers design soft and flexible 'skeletons' for muscle-powered robots
        Engineers designed modular, spring-like devices to maximize the work of live muscle fibers so they can be harnessed to power biohybrid robots.

      

      
        Toothed whale echolocation organs evolved from jaw muscles
        Genetic analysis finds evidence suggesting that acoustic fat bodies in the heads of toothed whales were once the muscles and bone marrow of the jaw.

      

      
        A friendly pat on the back can improve performance in basketball
        A free throw in basketball will have every eye glued to one person. It's an intensely stressful situation. A research team studied whether a friendly tap on the shoulder increases the odds of making a shot.

      

      
        How the moon turned itself inside out
        Linking analyses of the moon's gravity field with models of its earliest evolution, scientists tell a story of the moon turning itself inside out after it solidified from a primordial magma ocean. The process left behind a vestige of dense, titanium-rich material beneath its Earth-facing side that makes its presence known by gravity anomalies.

      

      
        Climate change threatens Antarctic meteorites
        Antarctica harbors a large concentration of meteorites imbuing the icy continent with an unparalleled wealth of information on our solar system. However, these precious meteorites are rapidly disappearing from the ice sheet surface due to global warming, according to a new study.

      

      
        New study highlights the benefit of touch on mental and physical health
        Through a large-scale analysis, researchers have uncovered the ways in which consensual touch can benefit a person's physical and mental wellbeing.

      

      
        Mediterranean marine worm has developed enormous eyes
        Scientists are amazed at the discovery of a bristle worm with such sharp-seeing eyes that they can measure up to those of mammals and octopuses. The researchers suspect that these marine worms may have a secretive language, which uses UV light only seen by their own species. The advanced vision of such a primitive creature helps to finally settle an epic debate about the evolution of eyes.

      

      
        Telescope detects unprecedented behavior from nearby magnetar
        Captured by cutting-edge radio telescope technology, a chance reactivation of a magnetar -- the Universe's most powerful magnets -- has revealed an unexpectedly complex environment.

      

      
        A simple, inexpensive way to make carbon atoms bind together
        The active ingredient in many drugs is what's known as a small molecule: bigger than water, much smaller than an antibody and mainly made of carbon. It's tough, however, to make these molecules if they require a quaternary carbon -- a carbon atom bonded to four other carbon atoms. But now, scientists have uncovered a potential cost-effective way to produce these tricky motifs.

      

      
        RNA that doesn't age
        Certain RNA molecules in the nerve cells in the brain last a life time without being renewed. Neuroscientists have now demonstrated that this. RNAs are generally short-lived molecules that are constantly reconstructed to adjust to environmental conditions. The research group hopes to decipher the complex aging process of the brain and gain a better understanding of related degenerative diseases.

      

      
        CHEOPS detects a 'rainbow' on an exoplanet
        The CHEOPS space telescope is providing new information on the mysterious exoplanet WASP-76b. This ultra-hot giant is characterized by an asymmetry between the amount of light observed on its eastern terminator -- the fictitious line that separates its night side from its day side -- and that observed on its western terminator. This peculiarity is thought to be due to a 'glory', a luminous phenomenon similar to a rainbow, which occurs if the light from the star -- the 'sun' around which the exopl...

      

      
        Stellar collisions produce strange, zombie-like survivors
        Densely packed, fast-moving stars at the Milky Way's center can collide with each other. New research uses simulations to explore the outcomes of these collisions. Some collisions are more like 'violent high fives' while others are full-on mergers.

      

      
        Finds at Schoningen show wood was crucial raw material 300,000 years ago
        During archaeological excavations in the Schoningen open-cast coal mine in 1994, the discovery of the oldest, remarkably well-preserved hunting weapons known to humanity caused an international sensation. Spears and a double-pointed throwing stick were found lying between animal bones about ten meters below the surface in deposits at a former lakeshore. In the years that followed, extensive excavations have gradually yielded numerous wooden objects from a layer dating from the end of a warm inter...

      

      
        Discovery of how limiting damage from an asthma attack could stop disease
        Scientists have discovered a new cause for asthma that sparks hope for treatment that could prevent the life-threatening disease.
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Pacific cities much older than previously thought | ScienceDaily
New evidence of one of the first cities in the Pacific shows they were established much earlier than previously thought, according to new research from The Australian National University (ANU).


						
The study used aerial laser scanning to map archaeological sites on the island of Tongatapu in Tonga.

Lead author, PhD scholar Phillip Parton, said the new timeline also indicates that urbanisation in the Pacific was an indigenous innovation that developed before Western influence.

"Earth structures were being constructed in Tongatapu around AD 300. This is 700 years earlier than previously thought," Mr Parton said.

"As settlements grew, they had to come up with new ways of supporting that growing population. This kind of set-up -- what we call low density urbanisation -- sets in motion huge social and economic change. People are interacting more and doing different kinds of work."

Mr Parton said traditionally, studying urbanisation in the Pacific has been tricky due to challenges collecting data, but new technology has changed that.

"We were able to combine high-tech mapping and archaeological fieldwork to understand what was happening in Tongatapu," he said.




"Having this type of information really adds to our understanding of early Pacific societies.

"Urbanisation is not an area that had been investigated much until now. When people think of early cities they usually think of traditional old European cities with compact housing and windy cobblestone streets. This is a very different kind of city.

"But it shows the contribution of the Pacific to urban science. We can see clues that Tongatapu's influence spread across the southwest Pacific Ocean between the 13th and 19th centuries."

According to Mr Parton, the collapse of this kind of low-density urbanisation in Tonga was largely due to the arrival of Europeans.

"It didn't collapse because the system was flawed; it was more to do with the arrival of Europeans and introduced diseases," he said.

"This is just the beginning in terms of early Pacific settlements. There's likely still much to be discovered."

The study has been published in the Journal of Archaeological Method and Theory.
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The hidden role of the Milky Way in ancient Egyptian mythology | ScienceDaily
Ancient Egyptians were known for their religious beliefs and astronomical knowledge of the Sun, Moon, and planets, but up until now it has been unclear what role the Milky Way played in Egyptian religion and culture.


						
A new study by a University of Portsmouth astrophysicist sheds light on the relationship between the Milky Way and the Egyptian sky-goddess Nut.

Nut is goddess of the sky, who is often depicted as a star-studded woman arched over her brother, the earth god Geb. She protects the earth from being flooded by the encroaching waters of the void, and plays a key role in the solar cycle, swallowing the Sun as it sets at dusk and giving birth to it once more as it rises at dawn.

The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

Associate Professor in Astrophysics, Dr Or Graur, said: "I chanced upon the sky-goddess Nut when I was writing a book on galaxies and looking into the mythology of the Milky Way. I took my daughters to a museum and they were enchanted by this image of an arched woman and kept asking to hear stories about her.

"This sparked my interest and I decided to combine both astronomy and Egyptology to do a double analysis -- astronomical and cross-cultural -- of the sky-goddess Nut, and whether she really could be linked to the Milky Way."

Dr Graur drew from a rich collection of ancient sources including the Pyramid Texts, Coffin Texts, and the Book of Nut and compared them alongside sophisticated simulations of the Egyptian night sky.




He found compelling evidence that the Milky Way highlighted Nut's divine presence.

Furthermore, Dr Graur connected Egyptian beliefs with those of other cultures, showing similarities in how different societies interpret the Milky Way.

He said: "My study also shows that Nut's role in the transition of the deceased to the afterlife and her connection to the annual bird migration are consistent with how other cultures understand the Milky Way. For example, as a spirits' road among different peoples in North and Central America or as the Birds' Path in Finland and the Baltics.

"My research shows how combining disciplines can offer new insights into ancient beliefs, and it highlights how astronomy connects humanity across cultures, geography, and time. This paper is an exciting start to a larger project to catalogue and study the multicultural mythology of the Milky Way."
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How the body switches out of 'fight' mode | ScienceDaily
Cortisone and other related glucocorticoids are extremely effective at curbing excessive immune reactions. But previously, astonishingly little was known about how they exactly do that. A team of researchers from Charite -- Universitatsmedizin Berlin, Uniklinikum Erlangen and Ulm University have now explored the molecular mechanism of action in greater detail. As the researchers report in the journal Nature, glucocorticoids reprogram the metabolism of immune cells, activating the body's natural "brakes" on inflammation. These findings lay the groundwork for development of anti-inflammatory agents with fewer and less severe side effects.


						
The glucocorticoid cortisone is actually naturally present in the body as cortisol, a stress hormone. The organism releases cortisol to improve the body's responses to stress. Cortisol intervenes in sugar and fat metabolism and affects other parameters, including blood pressure and respiratory and heart rate. At higher doses, it also inhibits the activity of the immune system, which makes it useful for medical purposes: Due to their excellent efficacy, synthetic glucocorticoid derivates that inhibit inflammation, even more than the natural substance present in the body, are used to treat a wide range of immune-mediated inflammatory diseases. They are among the most widely used medications of all.

Glucocorticoids affect not only genes, but also cellular energy sources

However, glucocorticoid-based medications also have side effects, especially at higher doses and when administered for longer periods. These side effects are related to the other effects of the body's own cortisol. They include high blood pressure, osteoporosis, diabetes, and weight gain. With the aim of developing anti-inflammatory agents with fewer and less severe side effects, a team of researchers led by Prof. Gerhard Kronke, director of the Department of Rheumatology and Clinical Immunology at Charite, has now conducted a closer study of how the immunosuppressive effects of glucocorticoids exactly works.

"It was previously known that glucocorticoids activate a number of genes in different cells of the body," Kronke explains. "But through this mechanism, they mainly activate the resources present in the body. This does not adequately explains its strong immunosuppressive effect. In our study, we have now been able to show that glucocorticoids affect more than just the gene expression in immune cells. It also affects the cell s powerhouses, the mitochondria. And that this effect on cell metabolism is in turn crucial to the anti-inflammatory effects exerted by glucocorticoids."

Swords to plowshares

For the study, the research team focused on macrophages, a type of immune cell responsible for eliminating intruders such as viruses and bacteria. These cells can also play a role in the emergence of immune-mediated inflammatory diseases. The researchers studied how these immune cells -- derived in this case from mice -- responded to inflammatory stimuli in a laboratory setting and what effects additional administration of a glucocorticoid had. The researchers observed that in addition to its effect on gene expression, glucocorticoids had a major effect in reversing changes in the cell metabolism that had been initiated by the inflammatory stimuli.




"When macrophages are put into 'fight' mode, they redirect their cellular energy into arming for a fight. Instead of supplying energy, their mitochondria produce the components needed to fight intruders," Kronke says, describing the processes involved. "Glucocorticoids reverse the process, switching the 'fight' mode back off and turning swords into plowshares, so to speak. A tiny molecule called itaconate plays an especially important role in this."

Itaconate mediates anti-inflammatory effect of glucocorticoids

Itaconate is an anti-inflammatory substance that the body naturally produces inside its mitochondria. Macrophages produce it early on when they are activated so that the inflammatory reaction will subside after a certain period. Generation of this natural immune "brake," however, requires sufficient fuel. When the cell s powerhouses are arming up for a fight, that is no longer the case, so itaconate production dwindles to a halt after a while. With normal, short-term inflammation, this timing is effective because the immune response has also subsided in the meantime.

"With a persistent inflammatory stimulus, the drop-off in itaconate production is an issue because there is then no immune 'brake' even though the immune system is still running on all cylinders, eventually contributing to chronic inflammation," explains Dr. Jean-Philippe Auger, a scientist at the Department of Medicine 3 -- Rheumatology and Immunology at Uniklinikum Erlangen and the first author of the study. "This is where glucocorticoids intervenes. By reprogramming the mitochondrial function, they ramp up the formation of itaconate in the macrophages, restoring its anti-inflammatory effect."

The search for new active substances

Using animal models for asthma and rheumatoid arthritis, the researchers were able to demonstrate how much the anti-inflammatory effect of glucocorticoids depends on itaconate. Glucocorticoids had no effect in animals that were unable to produce itaconate. So, if itaconate mediates the immunosuppressant effect of cortisone, wouldn't it be possible to administer itaconate directly, instead of glucocorticoids?

"Unfortunately, itaconate isn't a particularly good candidate as an anti-inflammatory drug, because it's unstable, and due to its high reactivity, it could cause side effects if administered systemically," Kronke explains. "Aside from that, we assume the processes in humans to be a bit more complex than those in mice. So our plan is to look for new synthetic compounds that are just as effective as glucocorticoids at reprogramming the mitochondrial metabolism inside immune cells, but have fewer and less severe side effects."
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New drug prevents flu-related inflammation and lung damage | ScienceDaily
Infection with the influenza virus leads to lung injury through inflammation over-activation that causes collateral damage to cells required for breathing. Such damage can be life-threatening, but scientists have a new preventative treatment. A team from St. Jude Children's Research Hospital, University of Houston, Tufts University School of Medicine and Fox Chase Cancer Center created a drug that can prevent flu-induced lung injury. In a mouse model, the drug achieves a novel balance between shutting down runaway inflammation and allowing the immune system to stop the virus. The findings were published today in Nature.


						
"Our drug significantly increased survival and lowered symptoms of influenza virus infection," said co-corresponding author Paul Thomas, PhD, St. Jude Department of Host-Microbe Interactions. "It dampened dangerous inflammation and even seemed to improve the adaptive response against the virus."

In a series of experiments, the drug UH15-38 protected against lethal influenza. Results showed that the drug protected mouse models from similar amounts of influenza that humans experience, even at low doses. Additionally, the team found that a high drug dose could fully protect against an infection with a substantial amount of virus, which would usually be deadly. The models were protected even if they received the dose days after infection, a difficult achievement for an influenza therapeutic.

"This drug can also do something we've never seen before," Thomas said. "We're able to start five days after the initial infection and show that we're still providing some benefit."

Providers must administer modern antiviral drugs within the first few days of infection to be effective. This study suggests that UH15-38 may fill a currently unmet need, as patients with severe disease have often been infected for several days by the time they get to a doctor. The breakthrough results from understanding how influenza and the immune system interact to cause lung injury.

Sending influenza-infected cells down the right path

"Infected lung cells create inflammation that alerts the immune system that there's a problem, but too much of it generates runaway inflammation that can cause major problems," Thomas said. "We need to strike a delicate balance between maintaining enough of these processes to get rid of the virus, but not so much that you're getting this runaway inflammation."

The collaborating scientists achieved a Goldilocks amount of inflammation using clever chemistry. Their new drug inhibited one part of a major inflammation protein in immune cells: Receptor-Interacting Protein Kinase 3 (RIPK3). RIPK3 controls two cell death pathways in response to infection: apoptosis and necroptosis. Necroptosis is highly inflammatory, but apoptosis is not. Both pathways are used in the antiviral response. UH15-38 was designed to prevent RIPK3 from starting necroptosis while maintaining its pro-apoptotic properties.




"Knocking out RIPK3 entirely is not great because then the immune system can't clear the virus," Thomas said. "When we knocked out just necroptosis, the animals did better because they still had apoptosis and could still get rid of infected cells, but it wasn't as inflammatory."

Stopping lung inflammation and injury

"We also showed that the improved survival was the direct result of the reduction in local inflammation and improved lung cell survival," Thomas said.

In a series of prior studies, the Thomas lab found that a specific set of cells in the lung are collateral damage in the runaway inflammatory response. These cells, Type 1 alveolar epithelial cells, handle gas exchange, letting oxygen in and carbon dioxide out. Loss of these cells leads to an inability to breathe. The current study demonstrated that this group of literal breath-taking cells was spared in the presence of the drug. Additionally, inflammation-related immune cells, such as neutrophils, were far less prevalent in the lungs of treated animals.

"Often the worst part of influenza illness happens after the virus is controlled when runaway inflammation destroys lung cells," Thomas said. "UH15-38 can dampen that influenza-caused inflammation while leaving viral clearance and the other functions of the immune and tissue responses intact. That makes it a promising candidate to move forward toward the clinic."
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Researchers discover how we perceive bitter taste | ScienceDaily
Humans can sense five different tastes: sour, sweet, umami, bitter, and salty, using specialized sensors on our tongues called taste receptors. Other than allowing us to enjoy delicious foods, the sensation of taste allows us to determine the chemical makeup of food and prevents us from consuming toxic substances.


						
Researchers at the UNC School of Medicine, including Bryan Roth, MD, PhD, the Michael Hooker Distinguished Professor of Pharmacology, and Yoojoong Kim, PhD, a postdoctoral researcher in the Roth Lab, recently set out to address one very basic question: "How exactly do we perceive bitter taste?"

A new study, published in Nature, reveals the detailed protein structure of the TAS2R14 bitter taste receptor. In addition to solving the structure of this taste receptor, the researchers were also able to determine where bitter-tasting substances bind to TAS2R14 and how they activate them, allowing us to taste bitter substances.

"Scientists know very little about the structural make up of sweet, bitter, and umami taste receptors," said Kim. "Using a combination of biochemical and computational methods, we now know the structure of the bitter taste receptor TAS2R14 and the mechanisms that initializes the sensation of bitter taste in our tongues."

This detailed information is important for discovering and designing drug candidates that can directly regulate taste receptors, with the potential to treat metabolic diseases such as obesity and diabetes.

From Chemicals to Electricity to Sensation

TAS2R14s are members of the G protein-coupled receptor (GPCR) family of bitter taste receptors. The receptors are attached to a protein known as a G protein. TAS2R14 stands out from the others in its family because it can identify more than 100 distinct substances known as bitter tastants.




Researchers found that when bitter tastants come into contact with TAS2R14 receptors, the chemicals wedge themselves into to a specific spot on the receptor called an allosteric site, this causes the protein to change its shape, activating the attached G protein.

This triggers a series of biochemical reactions within the taste receptor cell, leading to activation of the receptor, which can then send signals to tiny nerve fibers -- through the cranial nerves in the face -- to an area of the brain called the gustatory cortex. It is here where the brain processes and perceives the signals as bitterness. And of course, this complex signaling system occurs almost instantaneously.

Cholesterol's Role in Bitter Taste Reception

While working to define its structure, researchers found another unique feature of TAS2R14 -- that cholesterol is giving it a helping hand in its activation.

"Cholesterol was residing in another binding site called the orthosteric pocket in TAS2R14, while the bitter tastant binds to the allosteric site," said Kim. "Through molecular dynamics simulations, we also found that the cholesterol puts the receptor in a semi-active state, so it can be easily activated by the bitter tastant."

Bile acids, which are created in the liver, have similar chemical structures with cholesterol. Previous studies have suggested that bile acids can bind and activate TAS2R14, but little is known about how and where they bind in the receptor.




Using their newfound structure, researchers found that bile acids might be binding to the same orthosteric pocket as cholesterol. While the exact role of bile acid or cholesterol in TAS2R14 remains unknown, it may play a role in the metabolism of these substances or in relation to metabolic disorders such as obesity or diabetes.

How This Can Help Drug Development

The discovery of this novel allosteric binding site for bitter tasting substances is unique.

The allosteric binding region is located between TAS2R14 and its coupled G protein is called G-protein alpha. This region is critical to form a signaling complex, which helps to transfer the signal from the taste receptor to the G-protein to the taste receptor cells.

"In the future, this structure will be key to discovering and designing drug candidates that can directly regulate G proteins through the allosteric sites," said Kim. "We also have the ability to affect specific G-protein subtypes, like G-protein alpha or G-protein beta, rather than other G-protein pathways that we don't want to cause any other side effects."

Roth and Kim have made a number of new discoveries, but some leave more questions than answers. While running a genomics study, they found that the TAS2R14 protein in complex with the GI is expressed outside the tongue, especially in the cerebellum in the brain, the thyroid, and the pancreas. Researchers are planning future studies to elucidate the function these proteins may have outside of the mouth.

This work was supported by the NIH Illuminating the Druggable Genome Initiative.
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Does the time of day you move your body make a difference to your health? | ScienceDaily
Undertaking the majority of daily physical activity in the evening is linked to the greatest health benefits for people living with obesity, according to researchers from the University of Sydney, Australia who followed the trajectory of 30,000 people over almost 8 years.


						
Using wearable device data to categorise participant's physical activity by morning, afternoon or evening, the researchers uncovered that those who did the majority of their aerobic moderate to vigorous physical activity- the kind that raises our heartrate and gets us out of breath- between 6pm and midnight had the lowest risk of premature death and death from cardiovascular disease.

The frequency with which people undertook moderate to vigorous physical activity (MVPA) in the evening, measured in short bouts up to or exceeding three minutes, also appeared to be more important than their total amount of physical activity daily.

The study, led by researchers from the University's Charles Perkins Centre is published in the journal Diabetes Care today.

"Due to a number of complex societal factors, around two in three Australians have excess weight or obesity which puts them at a much greater risk of major cardiovascular conditions such as heart attacks and stroke, and premature death," said Dr Angelo Sabag, Lecturer in Exercise Physiology at the University of Sydney.

"Exercise is by no means the only solution to the obesity crisis, but this research does suggest that people who can plan their activity into certain times of the day may best offset some of these health risks."

Smaller clinical trials have shown similar results, however the large scale of participant data in this study, the use of objective measures of physical activity and hard outcomes, such as premature death, makes these findings significant.




Joint first author Dr Matthew Ahmadi also stressed that the study did not just track structured exercise. Rather researchers focused on tracking continuous aerobic MVPA in bouts of 3 minutes or more as previous research shows a strong association between this type of activity, glucose control and lowered cardiovascular disease risk compared with shorter (non-aerobic) bouts.

"We didn't discriminate on the kind of activity we tracked, it could be anything from power walking to climbing the stairs, but could also include structured exercise such as running, occupational labour or even vigorously cleaning the house," said Dr Ahmadi, National Heart Foundation postdoctoral research fellow at the Charles Perkins Centre, University of Sydney.

While observational, the findings of the study support the authors original hypothesis, which is the idea -- based on previous research -- that people living with diabetes or obesity, who are already glucose intolerant in the late evening, may be able to offset some of that intolerance and associated complications, by doing physical activity in the evening.

The researchers used data from UK Biobank and included 29,836 adults aged over 40 years of age living with obesity, of whom 2,995 participants were also diagnosed with Type 2 diabetes.

Participants were categorised into morning, afternoon of evening MVPA based on when they undertook the majority of their aerobic MVPA as measured by a wrist accelerometer worn continuously for 24 hours a day over 7 days at study onset.

The team then linked health data (from the National Health Services and National Records of Scotland) to follow participants health trajectory for 7.9 years. Over this period they recorded 1,425 deaths, 3,980 cardiovascular events and 2,162 microvascular disfunction events.




To limit bias, the researchers accounted for differences such as age, sex, smoking, alcohol intake, fruit and vegetable consumption, sedentary time, total MVPA, education, medication use and sleep duration. They also excluded participants with pre-existing cardiovascular disease and cancer.

The researchers say the length of the study follow-up and additional sensitivity analysis bolster the strength of their findings however, due to the observational design, they cannot completely rule out potential reverse causation. This is the possibility that some participants had lower aerobic MVPA levels due to underlying or undiagnosed disease.

Professor Emmanuel Stamatakis, Director of the Mackenzie Wearables Research Hub at the Charles Perkins Centre and senior author on the paper, said the sophistication of studies in the wearables field is providing huge insights into the patterns of activity that are most beneficial for health.

"It is a really exciting time for researchers in this field and practitioners alike, as wearable device-captured data allow us to examine physical activity patterns at a very high resolution and accurately translate findings into advice that could play an important role in health care," said Professor Stamatakis.

"While we need to do further research to establish causal links, this study suggests that the timing of physical activity could be an important part of the recommendations for future obesity and Type 2 diabetes management, and preventive healthcare in general."
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3D mouth of an ancient jawless fish suggests they were filter-feeders, not scavengers or hunters | ScienceDaily
Early jawless fish were likely to have used bony projections surrounding their mouths to modify the mouth's shape while they collected food.


						
Experts led by the University of Birmingham have used CT scanning techniques to build up the first 3D pictures of these creatures, which are some of the earliest vertebrates (animals with backbones) in which the mouth is fossilised. Their aim was to answer questions about feeding in early vertebrates without jaws in the early Devonian epoch -- sometimes called the Age of Fishes -- around 400 million years ago.

Feeding behaviours are commonly used by scientists to help piece together early evolution of vertebrates, and different jaw shapes and constructions can suggest a broad range of feeding strategies. In the absence of jaws, many competing theories have been developed ranging from biting and slicing, to filtering food from sediment or water.

In a new study, published in Proceedings of the Royal Society B, an international team of palaeontologists have been able to visualise the mouth parts of one of these jawless fish, called Rhinopteraspis dunensis, in detail. The images revealed the structure and arrangement of finger-like bones that project from the lower 'lip' of the animal's mouth, which the scientists believe acted to control the mouth's size and shape as it captured food particles from surrounding water.

Senior author and project lead Dr Ivan Sansom said: "The application of CT scanning techniques to the study of fossil fish is revealing so much new information about these ancient vertebrates and giving us the opportunity to study precious and unique specimens without destructive investigation."

Lead author Dr Richard Dearden explained: "In this case, these methods have allowed us to fit all of the small bones of this animal's mouth together, and try and understand how it fed from this integrated system rather than by using isolated bones. Instead of a steady trend towards 'active food acquisition' -- scavenging or hunting -- we see a real diversity and range of feeding behaviours among our earliest vertebrate relatives."

The reconstruction produced by the team shows that the bony plates around the mouth would have had limited movement, making it unlikely that the animals were hunters capable of 'biting'. In combination with an elongated snout, they would also have found it difficult to scoop and filter sediment directly from the bottom of the sea. However these plates would have allowed it to control opening of the mouth, and perhaps strain food from water in a way also used by animals such as flamingos or oysters.




The findings offer a new perspective on theories of vertebrate evolution, since current hypotheses argue that long term evolutionary trends move from passive food consumption to increasingly predatory behaviour. In contrast, the work outlined in this paper suggests that in fact, early vertebrates had a broad range of different feeding behaviours long before jawed animals started to appear.

The study was funded by the Leverhulme Trust and is part of a collaborative project between the University of Birmingham, the Natural History Museum, and the University of Bristol, in the UK, and Naturalis Biodiversity Centre, in the Netherlands.
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In a new study, published in Proceedings of the Royal Society B, an international team of palaeontologists have been able to visualise the mouth parts of one of these jawless fish, called Rhinopteraspis dunensis, in detail. The images revealed the structure and arrangement of finger-like bones that project from the lower 'lip' of the animal's mouth, which the scientists believe acted to control the mouth's size and shape as it captured food particles from surrounding water.

Senior author and project lead Dr Ivan Sansom said: "The application of CT scanning techniques to the study of fossil fish is revealing so much new information about these ancient vertebrates and giving us the opportunity to study precious and unique specimens without destructive investigation."

Lead author Dr Richard Dearden explained: "In this case, these methods have allowed us to fit all of the small bones of this animal's mouth together, and try and understand how it fed from this integrated system rather than by using isolated bones. Instead of a steady trend towards 'active food acquisition' -- scavenging or hunting -- we see a real diversity and range of feeding behaviours among our earliest vertebrate relatives."

The reconstruction produced by the team shows that the bony plates around the mouth would have had limited movement, making it unlikely that the animals were hunters capable of 'biting'. In combination with an elongated snout, they would also have found it difficult to scoop and filter sediment directly from the bottom of the sea. However these plates would have allowed it to control opening of the mouth, and perhaps strain food from water in a way also used by animals such as flamingos or oysters.

The findings offer a new perspective on theories of vertebrate evolution, since current hypotheses argue that long term evolutionary trends move from passive food consumption to increasingly predatory behaviour. In contrast, the work outlined in this paper suggests that in fact, early vertebrates had a broad range of different feeding behaviours long before jawed animals started to appear.

The study was funded by the Leverhulme Trust and is part of a collaborative project between the University of Birmingham, the Natural History Museum, and the University of Bristol, in the UK, and Naturalis Biodiversity Centre, in the Netherlands.
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Breakthrough for next-generation digital displays | ScienceDaily
Researchers at Linkoping University, Sweden, have developed a digital display screen where the LEDs themselves react to touch, light, fingerprints and the user's pulse, among other things. Their results, published in Nature Electronics, could be the start of a whole new generation of displays for phones, computers and tablets.


						
"We've now shown that our design principle works. Our results show that there is great potential for a new generation of digital displays where new advanced features can be created. From now on, it's about improving the technology into a commercially viable product," says Feng Gao, professor in optoelectronics at Linkoping University (LiU).

Digital displays have become a cornerstone of almost all personal electronics. However, the most modern LCD and OLED screens on the market can only display information. To become a multi-function display that detects touch, fingerprints or changing lighting conditions, a variety of sensors are required that are layered on top of or around the display.

Researchers at Linkoping University have now developed a completely new type of display where all sensor functions are also found in the display's LEDs without the need of any additional sensors.

The LEDs are made of a crystalline material called perovskite. Its excellent ability of light absorption and emission is the key that enables the newly developed screen.

In addition to the screen reacting to touch, light, fingerprints and the user's pulse, the device can also be charged through the screen thanks to the perovskites' ability to also act as solar cells.

"Here's an example -- your smartwatch screen is off most of the time. During the off-time of the screen, instead of displaying information, it can harvest light to charge your watch, significantly extending how long you can go between charges," says Chunxiong Bao, associate professor at Nanjing University, previously a postdoc researcher at LiU and the lead author of the paper.

For a screen to display all colours, there needs to be LEDs in three colours -- red, green and blue -- that glow with different intensity and thus produce thousands of different colours. The researchers at Linkoping University have developed screens with perovskite LEDs in all three colours, paving the way for a screen that can display all colours within the visible light spectrum.

But there are still many challenges to be solved before the screen is in everyone's pocket. Zhongcheng Yuan, researcher at the University of Oxford, previously postdoc at LiU and the other lead author of the paper, believes that many of the problems will be solved within ten years:

"For instance, the service life of perovskite LEDs needs to be improved. At present, the screen only works for a few hours before the material becomes unstable, and the LEDs go out," he says.
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Connecting lab-grown brain cells provides insight into how our own brains work | ScienceDaily
The idea of growing a functioning human brain-like tissues in a dish has always sounded pretty far-fetched, even to researchers in the field. Towards the future goal, a Japanese and French research team has developed a technique for connecting lab-grown brain-mimicking tissue in a way that resembles circuits in our brain.


						
It is challenging to study exact mechanisms of the brain development and functions. Animal studies are limited by differences between species in brain structure and function, and brain cells grown in the lab tend to lack the characteristic connections of cells in the human brain. What's more, researchers are increasingly realizing that these interregional connections, and the circuits that they create, are important for many of the brain functions that define us as humans.

Previous studies have tried to create brain circuits under laboratory conditions, which have been advancing the field. Researchers from The University of Tokyo have recently found a way to create more physiological connections between lab-grown "neural organoids," an experimental model tissue in which human stem cells are grown into three-dimensional developmental brain-mimicking structures. The team did this by linking the organoids via axonal bundles, which is similar to how regions are connected in the living human brain.

"In single-neural organoids grown under laboratory conditions, the cells start to display relatively simple electrical activity," says co-lead author of the study Tomoya Duenki. "when we connected two neural organoids with axonal bundles, we were able to see how these bidirectional connections contributed to generating and synchronizing activity patterns between the organoids, showing some similarity to connections between two regions within the brain."

The cerebral organoids that were connected with axonal bundles showed more complex activity than single organoids or those connected using previous techniques. In addition, when the research team stimulated the axonal bundles using a technique known as optogenetics, the organoid activity was altered accordingly and the organoids were affected by these changes for some time, in a process known as plasticity.

"These findings suggest that axonal bundle connections are important for developing complex networks," explains Yoshiho Ikeuchi, senior author of the study. "Notably, complex brain networks are responsible for many profound functions, such as language, attention, and emotion."

Given that alterations in brain networks have been associated with various neurological and psychiatric conditions, a better understanding of brain networks is important. The ability to study lab-grown human neural circuits will improve our knowledge of how these networks form and change over time in different situations, and may lead to improved treatments for these conditions.
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Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials | ScienceDaily
In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.


						
The researchers from The University of Manchester describe a force-controlled release system that harnesses natural forces to trigger targeted release of molecules, which could significantly advance medical treatment and smart materials.

The discovery, published today in the journal Nature, uses a novel technique using a type of interlocked molecule known as rotaxane. Under the influence of mechanical force -- such as that observed at an injured or damaged site -- this component triggers the release of functional molecules, like medicines or healing agents, to precisely target the area in need. For example, the site of a tumour.

It also holds promise for self-healing materials that can repair themselves in situ when damaged, prolonging the lifespan of these materials. For example, a scratch on a phone screen.

Guillaume De Bo, Professor of Organic Chemistry at The University of Manchester, said: "Forces are ubiquitous in nature and play pivotal roles in various processes. Our aim was to exploit these forces for transformative applications, particularly in material durability and drug delivery.

"Although this is only a proof-of-concept design, we believe that our rotaxane-based approach holds immense potential with far reaching applications -- we're on the brink of some truly remarkable advancements in healthcare and technology."

Traditionally, the controlled release of molecules with force has presented challenges in releasing more than one molecule at once, usually operating through a molecular "tug of war" game where two polymers pull at either side to release a single molecule.




The new approach involves two polymer chains attached to a central ring-like structure that slide along an axle supporting the cargo, effectively releasing multiple cargo molecules in response to force application. The scientists demonstrated the release of up to five molecules simultaneously with the possibility of releasing more, overcoming previous limitations.

The breakthrough marks the first time scientists have been able to demonstrate the ability to release more than one component, making it one of the most efficient release systems to date.

The researchers also show versatility of the model by using different types of molecules, including drug compounds, fluorescent markers, catalyst and monomers, revealing the potential for a wealth of future applications.

Looking ahead, the researchers aim to delve deeper into self-healing applications, exploring whether two different types of molecules can be released at the same time. For example, the integration of monomers and catalysts could enable polymerization at the site of damage, creating an integrated self-healing system within materials.

They will also look to expand the sort of molecules that can be released.

Prof De Bo said: "We've barely scratched the surface of what this technology can achieve. The possibilities are limitless, and we're excited to explore further."
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Tiny plastic particles are found everywhere | ScienceDaily
It's not the first study on microplastics in Antarctica that researchers from the University of Basel and the Alfred-Wegener Institute (AWI) have conducted. But analysis of the data from an expedition in spring 2021 shows that environmental pollution from these tiny plastic particles is a bigger problem in the remote Weddell Sea than was previously known.


						
The total of 17 seawater samples all indicated higher concentrations of microplastics than in previous studies. "The reason for this is the type of sampling we conducted," says Clara Leistenschneider, doctoral candidate in the Department of Environmental Sciences at the University of Basel and lead author of the study.

The current study focused on particles measuring between 11 and 500 micrometers in size. The researchers collected them by pumping water into tanks, filtering it, and then analyzing it using infrared spectroscopy. Previous studies in the region had mostly collected microplastic particles out of the ocean using fine nets with a mesh size of around 300 micrometers. Smaller particles would simply pass through these plankton nets.

The results of the new study indicate that 98.3 percent of the plastic particles present in the water were smaller than 300 micrometers, meaning that they were not collected in previous samples. "Pollution in the Antarctic Ocean goes far beyond what was reported in past studies," Leistenschneider notes. The study appears in the journal Science of the Total Environment.

What role do ocean currents play?

The individual samples were polluted to different extents. The offshore samples, which were collected north of the continental slope and the Antarctic Slope Current, contained the highest concentrations of microplastics. The reasons for this are not conclusively known. It may be that the ice that tends to form near the coast retains the tiny plastic particles, and they are only released back into the water when the ice melts. It could also be the case that ocean currents play a role. "They might work like a barrier, reducing water exchange between the north and south," suggests Gunnar Gerdts from the AWI in Heligoland, Germany.

What is certainly true is that ocean currents are an important factor and the subject of many open questions in the field. So far the researchers have only examined water samples from the ocean surface, but not from lower depths. This is primarily due to limited time on the ship expeditions for taking samples and to equipment with insufficient pumping capacity. "It would nonetheless be revealing to analyze such data, since the deep currents differ greatly from the surface currents and thermohaline circulation leads to exchange with water masses from northern regions," Leistenschneider says.




It is also still unclear how the microplastics make their way to the Weddell Sea in the first place and whether they ever leave the region. The strong Antarctic Circumpolar Current, which flows all the way around the Antarctic Ocean at a latitude of about 60deg south, might prevent their departure. The researchers are also not yet able to say conclusively where the microplastics originate. Possible sources include regional ship traffic from the tourism, fishing and research industries, as well as research stations on land. However, the microplastics might also make their way to Antarctica from other regions via ocean currents or atmospheric transport.

Research leads to awareness

Clara Leistenschneider plans to focus next on analyzing the sediment samples she collected during the same expedition. This should provide information about how microplastics are accumulating on the sea floor, which is home to unique and sensitive organisms and is a breeding ground for Antarctic icefish (Bovichtidae).

With the increase in tourism in the Antarctic Ocean, pollution may increase even more in the future, further impacting the environment and the food chain.

Nonetheless, Leistenschneider remains cautiously optimistic: "Research on the topic has dramatically increased awareness in recent years of the problems that microplastics cause for the environment and all living organisms." Although there is no all-encompassing solution, she notes that a variety of stakeholders all over the world are working intensively to better understand the problem and develop innovative ideas to reduce plastic pollution. And, of course, "every individual who engages in environmentally-conscious behavior can bring about positive change."
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What's quieter than a fish? A school of them | ScienceDaily
Swimming in schools makes fish surprisingly stealthy underwater, with a group able to sound like a single fish.


						
The new findings by Johns Hopkins University engineers working with a high-tech simulation of schooling mackerel, offers new insight into why fish swim in schools and promise for the design and operation of much quieter submarines and autonomous undersea vehicles.

"It's widely known that swimming in groups provides fish with added protection from predators, but we questioned whether it also contributes to reducing their noise," said senior author Rajat Mittal. "Our results suggest that the substantial decrease in their acoustic signature when swimming in groups, compared to solo swimming, may indeed be another factor driving the formation of fish schools."

The work is newly published in Bioinspiration & Biomimetics.

The team created a 3D model based on the common mackerel to simulate different numbers of fish swimming, changing up their formations, how close they swam to one another, and the degrees to which their movements synched. The model, which applies to many fish species, simulates one to nine mackerel being propelled forward by their tail fins.

The team found that a school of fish moving together in just the right way was stunningly effective at noise reduction: A school of seven fish sounded like a single fish.

"A predator, such as a shark, may perceive it as hearing a lone fish instead of a group," Mittal said. "This could have significant implications for prey fish."

The single biggest key to sound reduction, the team found, was the synchronization of the school's tail flapping -- or actually the lack thereof.




If fish moved in unison, flapping their tail fins at the same time, the sound added up and there was no reduction in total sound. But if they alternated tail flaps, the fish canceled out each other's sound, the researchers found.

"Sound is a wave," Mittal said. "Two waves can either add up if they are exactly in phase or they can cancel each other if they are exactly out of phase. That's kind of what's happening here though we're talking about faint sounds that would barely be audible to a human."

The tail fin movements that reduce sound also generate flow interaction between the fish that allow the fish to swim faster while using less energy, said lead author Ji Zhou, a Johns Hopkins graduate student studying mechanical engineering.

"We find that reduction in flow-generated noise does not have to come at the expense of performance," Zhou said. "We found cases where significant reductions in noise are accompanied by noticeable increases in per capita thrust, due to the hydrodynamic interactions between the swimmers."

The team was surprised to find that the sound reduction benefits kick in as soon as one swimming fish joins another. Noise reduction grows as more fish join a school, but the team expects the benefits to cap off at some point.

"Simply being together and swimming in any manner contributes to reducing the sound signature," Mittal said. "No coordination between the fish is required."

Next the team plans to add ocean turbulence into the models and create simulations that allow the fish to swim more "freely."
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Do some mysterious bones belong to gigantic ichthyosaurs? | ScienceDaily
Several similar large, fossilized bone fragments have been discovered in various regions across Western and Central Europe since the 19th century. The animal group to which they belonged is still the subject of much debate to this day. A study carried out at the University of Bonn could now settle this dispute once and for all: The microstructure of the fossils indicates that they come from the lower jaw of a gigantic ichthyosaur. These animals could reach 25 to 30 meters in length, a similar size to the modern blue whale. The results have now been published in the journal PeerJ.


						
In 1850, the British naturalist Samuel Stutchbury reported a mysterious find in a scientific journal: A large, cylindrical bone fragment had been discovered at Aust Cliff -- a fossil deposit near to Bristol. Similar bone fragments have since been found in various different places around Europe, including Bonenburg in North Rhine-Westphalia and in the Provence region of France. More than 200 million years ago, these areas were submerged beneath a huge ocean that covered vast swathes of Western and Central Europe. Fossil remains from the animal world of that time -- including marine and coastal dwellers -- have been preserved in the sediment.

There is still some debate to this day about the animal group to which these large, fossilized bones belonged. Stutchbury assumed in his examination of the first finds that they came from a labyrinthodontia, an extinct crocodile-like land creature. However, this hypothesis was questioned by other researchers, who believed instead that the fossils came from long-necked dinosaurs (sauropods), stegosaurs or a still completely unknown group of dinosaurs.

Unusual tissue made of protein fibers

"Already by the beginning of the 20th century, some other researchers had theorized that the fossils could possibly be from a gigantic ichthyosaur," explains Marcello Perillo. The young researcher has been investigating this theory as part of his Master's Thesis in the research group headed by Prof. Martin Sander in the Institute of Geosciences at the University of Bonn. As part of his work, he examined the microstructure of the fossilized bone tissue. "Bones of similar species generally have a similar structure," he says. "Osteohistology -- the analysis of bone tissue -- can thus be used to draw conclusions about the animal group from which the find originates."

Perillo first took samples from the bones that have so far not been classified. "I compared specimens from South West England, France and Bonenburg," he says. "They all displayed a very specific combination of properties. This discovery indicated that they might come from the same animal group." He then used a special microscope to prove that the bone wall had a very unusual structure: It contained long strands of mineralized collagen, a protein fiber, which were interwoven in a characteristic way that had not yet been found in other bones.

Ichthyosaur bones with a similar structure

Interestingly, fossils from large ichthyosaurs from Canada also have a very similar bone wall structure. "However, this structure is not found in fossil samples from other animal groups that I have studied," emphasized Perillo. "Therefore, it seems highly probable that the fragments in question also belong to an ichthyosaur and that the findings refute the claim that the bones come from a land-living dinosaur."




It is likely that the fossils come from the lower jaw of a sea creature. By comparing the size of the fragments with the jaws of other species in this animal group, it is possible to deduce the length of the animals: They could possibly have reached a length of 25 to 30 meters, as proponents of the ichthyosaur theory had originally speculated in an earlier study. "However, this number is only an estimate and far from certain -- until, that is, we find more complete fossil remains," says Perillo. Nevertheless, they were certainly exceptionally large.

The first ichthyosaur lived in the ancient oceans in the early Triassic period around 250 million years ago. Species as big as whales existed early on but the largest creatures only appeared around 215 million years ago. Almost all species of ichthyosaur then died out at the end of the Triassic period more than 200 million years ago.

The unusual structure of their bone walls -- which is similar to carbon fiber reinforced materials -- probably kept the bone very stable while allowing for fast growth. "These huge jaws would have been exposed to strong shearing forces even when the animal was eating normally," says Perillo. "It is possible that these animals also used their snouts to ram into their prey, similar to the orcas of today. However, this is still pure speculation at this time."
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After being insulted, writing down your feelings on paper then getting rid of it reduces anger | ScienceDaily
A research group in Japan has discovered that writing down one's reaction to a negative incident on a piece of paper and then shredding it or throwing it away reduces feelings of anger.


						
"We expected that our method would suppress anger to some extent," lead researcher Nobuyuki Kawai said. "However, we were amazed that anger was eliminated almost entirely."

This research is important because controlling anger at home and in the workplace can reduce negative consequences in our jobs and personal lives. Unfortunately, many anger management techniques proposed by specialists lack empirical research support. They can also be difficult to recall when angry.

The results of this study, published in Scientific Reports, are the culmination of years of previous research on the association between the written word and anger reduction. It builds on work showing how interactions with physical objects can control a person's mood.

For their project, Kawai and his graduate student Yuta Kanaya, both at the Graduate School of Informatics, Nagoya University, asked participants to write brief opinions about important social problems, such as whether smoking in public should be outlawed. They then told them that a doctoral student at Nagoya University would evaluate their writing.

However, the doctoral students doing the evaluation were plants. Regardless of what the participants wrote, the evaluators scored them low on intelligence, interest, friendliness, logic, and rationality. To really drive home the point, the doctoral students also wrote the same insulting comment: "I cannot believe an educated person would think like this. I hope this person learns something while at the university."

After handing out these negative comments, the researchers asked the participants to write their thoughts on the feedback, focusing on what triggered their emotions. Finally, one group of participants was told to either dispose of the paper they wrote in a trash can or keep it in a file on their desk. A second group was told to destroy the document in a shredder or put it in a plastic box.

The students were then asked to rate their anger after the insult and after either disposing of or keeping the paper. As expected, all participants reported a higher level of anger after receiving insulting comments. However, the anger levels of the individuals who discarded their paper in the trash can or shredded it returned to their initial state after disposing of the paper. Meanwhile, the participants who held on to a hard copy of the insult experienced only a small decrease in their overall anger.

Kawai imagines using his research to help businesspeople who find themselves in stressful situations. "This technique could be applied in the moment by writing down the source of anger as if taking a memo and then throwing it away when one feels angry in a business situation," he explained.

Along with its practical benefits, this discovery may shed light on the origins of the Japanese cultural tradition known as hakidashisara (hakidashi refers to the purging or spitting out of something, and sara refers to a dish or plate) at the Hiyoshi shrine in Kiyosu, Aichi Prefecture, just outside of Nagoya. Hakidashisara is an annual festival where people smash small discs representing things that make them angry. Their findings may explain the feeling of relief that participants report after leaving the festival.
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Pregnancy accelerates biological aging in a healthy, young adult population | ScienceDaily
Pregnancy may carry a cost, reports a new study from the Columbia University Mailman School of Public Health. The research, carried out among 1735 young people in the Philippines, shows that women who reported having been pregnant looked biologically older than women who had never been pregnant, and women who had been pregnant more often looked biologically older than those who reported fewer pregnancies. Notably, the number of pregnancies fathered was not associated with biological aging among same-aged cohort men, which implies that it is something about pregnancy or breastfeeding specifically that accelerates biological aging. The findings are published in The Proceedings of National Academy of Sciences.


						
This study builds on epidemiological findings that high fertility can have negative side effects on women's health and longevity. What was unknown, however, was whether the costs of reproduction were present earlier in life, before disease and age-related decline start to become apparent. Until now, one of the challenges has been quantifying biological aging among the young. This challenge was overcome by using a collection of new tools that use DNA methylation (DNAm) to study different facets of cellular aging, health, and mortality risk. These tools, called 'epigenetic clocks' allow researchers to study aging earlier in life, filling a key gap in the study of biological aging.

"Epigenetic clocks have revolutionized how we study biological aging across the lifecourse and open up new opportunities to study how and when long-term health costs of reproduction and other life events take hold," said Calen Ryan PhD, lead author of the study and associate research scientist in the Columbia Aging Center.

"Our findings suggest that pregnancy speeds up biological aging, and that these effects are apparent in young, high-fertility women," said Ryan. "Our results are also the first to follow the same women through time, linking changes in each woman's pregnancy number to changes in her biological age."

The relationship between pregnancy history and biological age persisted even after taking into account various other factors tied to biological aging, such as socioeconomic status, smoking, and genetic variation, but were not present among men from the same sample. This finding, noted Ryan, points to some aspect of bearing children -- rather than sociocultural factors associated with early fertility or sexual activity -- as a driver of biological aging.

Despite the striking nature of the findings, Ryan encourages readers to remember the context: "Many of the reported pregnancies in our baseline measure occurred during late adolescence, when women are still growing. We expect this kind of pregnancy to be particularly challenging for a growing mother, especially if her access to healthcare, resources, or other forms of support is limited."

Ryan also acknowledged that there is more work to do, "We still have a lot to learn about the role of pregnancy and other aspects of reproduction in the aging process. We also do not know the extent to which accelerated epigenetic aging in these particular individuals will manifest as poor health or mortality decades later in life."

Ryan said that our current understanding of epigenetic clocks and how they predict health and mortality comes largely from North America and Europe, but that the aging process can take slightly different forms in the Philippines and other places around the world.




"Ultimately I think our findings highlight the potential long-term impacts of pregnancy on women's health, and the importance of taking care of new parents, especially young mothers."

Co-authors are Christopher Kuzawa, Northwestern University, Nanette R. Lee and Delia B. Carba,USC-Office of Population Studies Foundation; Julie L. MacIsaac, David S. Lin, and Parmida Atashzay, University of British Columbia; Daniel BelskyColumbia Public Health and Columbia Aging Center; Michael S. Kobor, University of British Columbia, Canadian Institute for Advanced Research, Centre for Molecular Medicine and Therapeutics.

The study was supported by the National Institutes of Health R01AG061006; National Science Foundation BCS 1751912; University of British Columbia UBC 60055724.
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Engineers design soft and flexible 'skeletons' for muscle-powered robots | ScienceDaily
Our muscles are nature's perfect actuators -- devices that turn energy into motion. For their size, muscle fibers are more powerful and precise than most synthetic actuators. They can even heal from damage and grow stronger with exercise.


						
For these reasons, engineers are exploring ways to power robots with natural muscles. They've demonstrated a handful of "biohybrid" robots that use muscle-based actuators to power artificial skeletons that walk, swim, pump, and grip. But for every bot, there's a very different build, and no general blueprint for how to get the most out of muscles for any given robot design.

Now, MIT engineers have developed a spring-like device that could be used as a basic skeleton-like module for almost any muscle-bound bot. The new spring, or "flexure," is designed to get the most work out of any attached muscle tissues. Like a leg press that's fit with just the right amount of weight, the device maximizes the amount of movement that a muscle can naturally produce.

The researchers found that when they fit a ring of muscle tissue onto the device, much like a rubber band stretched around two posts, the muscle pulled on the spring, reliably and repeatedly, and stretched it five times more, compared with other previous device designs.

The team sees the flexure design as a new building block that can be combined with other flexures to build any configuration of artificial skeletons. Engineers can then fit the skeletons with muscle tissues to power their movements.

"These flexures are like a skeleton that people can now use to turn muscle actuation into multiple degrees of freedom of motion in a very predictable way," says Ritu Raman, the Brit and Alex d'Arbeloff Career Development Professor in Engineering Design at MIT. "We are giving roboticists a new set of rules to make powerful and precise muscle-powered robots that do interesting things."

Raman and her colleagues report the details of the new flexure design in a paper appearing in the journal Advanced Intelligent Systems. The study's MIT co-authors include Naomi Lynch '12, SM '23; undergraduate Tara Sheehan; graduate students Nicolas Castro, Laura Rosado, and Brandon Rios; and professor of mechanical engineering Martin Culpepper.




Muscle pull

When left alone in a petri dish in favorable conditions, muscle tissue will contract on its own but in directions that are not entirely predictable or of much use.

"If muscle is not attached to anything, it will move a lot, but with huge variability, where it's just flailing around in liquid," Raman says.

To get a muscle to work like a mechanical actuator, engineers typically attach a band of muscle tissue between two small, flexible posts. As the muscle band naturally contracts, it can bend the posts and pull them together, producing some movement that would ideally power part of a robotic skeleton. But in these designs, muscles have produced limited movement, mainly because the tissues are so variable in how they contact the posts. Depending on where the muscles are placed on the posts, and how much of the muscle surface is touching the post, the muscles may succeed in pulling the posts together but at other times may wobble around in uncontrollable ways.

Raman's group looked to design a skeleton that focuses and maximizes a muscle's contractions regardless of exactly where and how it is placed on a skeleton, to generate the most movement in a predictable, reliable way.

"The question is: How do we design a skeleton that most efficiently uses the force the muscle is generating?" Raman says.




The researchers first considered the multiple directions that a muscle can naturally move. They reasoned that if a muscle is to pull two posts together along a specific direction, the posts should be connected to a spring that only allows them to move in that direction when pulled.

"We need a device that is very soft and flexible in one direction, and very stiff in all other directions, so that when a muscle contracts, all that force gets efficiently converted into motion in one direction," Raman says.

Soft flex

As it turns out, Raman found many such devices in Professor Martin Culpepper's lab. Culpepper's group at MIT specializes in the design and fabrication of machine elements such as miniature actuators, bearings, and other mechanisms, that can be built into machines and systems to enable ultraprecise movement, measurement, and control, for a wide variety of applications. Among the group's precision machined elements are flexures -- spring-like devices, often made from parallel beams, that can flex and stretch with nanometer precision.

"Depending on how thin and far apart the beams are, you can change how stiff the spring appears to be," Raman says.

She and Culpepper teamed up to design a flexure specifically tailored with a configuration and stiffness to enable muscle tissue to naturally contract and maximally stretch the spring. The team designed the device's configuration and dimensions based on numerous calculations they carried out to relate a muscle's natural forces with a flexure's stiffness and degree of movement.

The flexure they ultimately designed is 1/100 the stiffness of muscle tissue itself. The device resembles a miniature, accordion-like structure, the corners of which are pinned to an underlying base by a small post, which sits near a neighboring post that is fit directly onto the base. Raman then wrapped a band of muscle around the two corner posts (the team molded the bands from live muscle fibers that they grew from mouse cells), and measured how close the posts were pulled together as the muscle band contracted.

The team found that the flexure's configuration enabled the muscle band to contract mostly along the direction between the two posts. This focused contraction allowed the muscle to pull the posts much closer together -- five times closer -- compared with previous muscle actuator designs.

"The flexure is a skeleton that we designed to be very soft and flexible in one direction, and very stiff in all other directions," Raman says. "When the muscle contracts, all the force is converted into movement in that direction. It's a huge magnification."

The team found they could use the device to precisely measure muscle performance and endurance. When they varied the frequency of muscle contractions (for instance, stimulating the bands to contract once versus four times per second), they observed that the muscles "grew tired" at higher frequencies, and didn't generate as much pull.

"Looking at how quickly our muscles get tired, and how we can exercise them to have high-endurance responses -- this is what we can uncover with this platform," Raman says.

The researchers are now adapting and combining flexures to build precise, articulated, and reliable robots, powered by natural muscles.

"An example of a robot we are trying to build in the future is a surgical robot that can perform minimally invasive procedures inside the body," Raman says. "Technically, muscles can power robots of any size, but we are particularly excited in making small robots, as this is where biological actuators excel in terms of strength, efficiency, and adaptability."
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Toothed whale echolocation organs evolved from jaw muscles | ScienceDaily
Genetic analysis finds evidence suggesting that acoustic fat bodies in the heads of toothed whales were once the muscles and bone marrow of the jaw.


						
Dolphins and whales use sound to communicate, navigate and hunt. New research suggests that the collections of fatty tissue that enable toothed whales to do so may have evolved from their skull muscles and bone marrow.

Scientists at Hokkaido University determined DNA sequences of genes which were expressed in acoustic fat bodies -- collections of fat around the head that toothed whales use for echolocation. They measured gene expression in the harbor porpoise (Phocoena phocoena) and Pacific white-sided dolphin (Lagenorhynchus obliquidens). Their findings were published in the journal Gene.

The evolution of acoustic fat bodies in the head -- the melon in the whale forehead, extramandibular fat bodies (EMFB) alongside the jawbone, and intramandibular fat bodies (IMFB) within the jawbone -- was essential for sound use such as echolocation. However, little is known about the genetic origins of those fatty tissues.

"Toothed whales have undergone significant degenerations and adaptations to their aquatic lifestyle," said Hayate Takeuchi, a PhD student at Hokkaido University's Hayakawa Lab and first author of the study. One adaptation was the partial loss of their sense of smell and taste, along with the gain of echolocation to enable them to navigate in the underwater environment.

The researchers found that genes which are normally associated with muscle function and development were active in the melon and EMFBs. There was also evidence of an evolutionary connection between the extramandibular fat and the masseter muscle, which in humans connects the lower jawbone to the cheekbones and is a key muscle involved in chewing.

"This study has revealed that the evolutionary tradeoff of masticatory muscles for the EMFB -- between auditory and feeding ecology -- was crucial in the aquatic adaptation of toothed whales," said Assistant Professor Takashi Hayakawa of the Faculty of Environmental Earth Science, who led the study. "It was part of the evolutionary shift away from chewing to simply swallowing food, which meant the chewing muscles were no longer needed."

Analysis of gene expression in the intramandibular fat detected activity of genes related to immune functions, such as the activation of some elements of the immune response and regulation of T cell formation.

The Stranding Network Hokkaido (SNH) is another important aspect of the research, as the samples used in this study were collected by them. SNH has collected specimens of stranded whales in the seashore and river mouth in Hokkaido. "Long-term communication with local people and communities in Hokkaido has enabled researchers to conduct various studies of whale biology, including our surprising findings," said Professor Takashi Fritz Matsuishi, the director of SNH.
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A friendly pat on the back can improve performance in basketball | ScienceDaily
A free throw in basketball will have every eye glued to one person. It's an intensely stressful situation. A research team led by the University of Basel studied whether a friendly tap on the shoulder increases the odds of making a shot.


						
In difficult situations, physical touch like a hug or a pat on the back can reduce stress. Whether this influences performance in stressful life situations has not yet been studied in detail. A team of researchers headed by Christiane Buttner at the Faculty of Psychology of the University of Basel investigated this question in the context of basketball games. Their results appeared in the journal Psychology of Sport & Exercise.

One of the most stressful situations during a game is a free throw. A player receives a free throw if they were fouled while attempting to score. In most cases, the fouled player gets two free throws and can win one point per successful shot. Many games are decided by free throws.

Buttner and her colleagues at the University of Landau and Purdue University studied precisely this situation using videos of basketball games. The study included a total of 60 games played by women's basketball teams in the National Collegiate Athletic Association (NCAA) in the US. The games contained 835 incidents of two free throws.

Your team has your back

The researchers counted how many of her four teammates touched the shooter before a shot, for example by tapping her on the shoulder or squeezing her hand. They then calculated whether there was a statistical association between the number of touches by teammates and the success rate of the subsequent shot.

The data showed that the chance of scoring rose when teammates showed their support through touch. The effect only appeared after a failed first shot. "So support from teammates is most helpful when your stress level is already high because you've missed the first of the two shots," Buttner says in summary.




It's conceivable that a pat on the back or squeeze of the hand could also help manage stress and improve performance in other team situations, says the psychologist.

A free throw in basketball will have every eye glued to one person. It's an intensely stressful situation. A research team led by the University of Basel studied whether a friendly tap on the shoulder increases the odds of making a shot.

In difficult situations, physical touch like a hug or a pat on the back can reduce stress. Whether this influences performance in stressful life situations has not yet been studied in detail. A team of researchers headed by Christiane Buttner at the Faculty of Psychology of the University of Basel investigated this question in the context of basketball games. Their results appeared in the journal Psychology of Sport & Exercise.

One of the most stressful situations during a game is a free throw. A player receives a free throw if they were fouled while attempting to score. In most cases, the fouled player gets two free throws and can win one point per successful shot. Many games are decided by free throws.

Buttner and her colleagues at the University of Landau and Purdue University studied precisely this situation using videos of basketball games. The study included a total of 60 games played by women's basketball teams in the National Collegiate Athletic Association (NCAA) in the US. The games contained 835 incidents of two free throws.

Your team has your back

The researchers counted how many of her four teammates touched the shooter before a shot, for example by tapping her on the shoulder or squeezing her hand. They then calculated whether there was a statistical association between the number of touches by teammates and the success rate of the subsequent shot.

The data showed that the chance of scoring rose when teammates showed their support through touch. The effect only appeared after a failed first shot. "So support from teammates is most helpful when your stress level is already high because you've missed the first of the two shots," Buttner says in summary.

It's conceivable that a pat on the back or squeeze of the hand could also help manage stress and improve performance in other team situations, says the psychologist.
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How the moon turned itself inside out | ScienceDaily
About 4.5 billion years ago, a small planet smashed into the young Earth, flinging molten rock into space. Slowly, the debris coalesced, cooled and solidified, forming our moon. This scenario of how the Earth's moon came to be is the one largely agreed upon by most scientists. But the details of how exactly that happened are "more of a choose-your-own adventure novel," according to researchers in the University of Arizona Lunar and Planetary Laboratory who published a paper in Nature Geoscience. The findings offer important insights into the evolution of the lunar interior, and potentially for planets such as the Earth or Mars.


						
Most of what is known about the origin of the moon comes from analyses of rock samples, collected by Apollo astronauts more than 50 years ago, combined with theoretical models. The samples of basaltic lava rocks brought back from the moon showed surprisingly high concentrations of titanium. Later satellite observations found that these titanium-rich volcanic rocks are primarily located on the moon's nearside, but how and why they got there has remained a mystery -- until now.

Because the moon formed fast and hot, it was likely covered by a global magma ocean. As the molten rock gradually cooled and solidified, it formed the moon's mantle and the bright crust we see when we look up at a full moon at night. But deeper below the surface, the young moon was wildly out of equilibrium. Models suggest that the last dregs of the magma ocean crystallized into dense minerals including ilmenite, a mineral containing titanium and iron.

"Because these heavy minerals are denser than the mantle underneath, it creates a gravitational instability, and you would expect this layer to sink deeper into the moon's interior," said Weigang Liang, who led the research as part of his doctoral work at LPL.

Somehow, in the millennia that followed, that dense material did sink into the interior, mixed with the mantle, melted and returned to the surface as titanium-rich lava flows that we see on the surface today.

"Our moon literally turned itself inside out," said co-author and LPL associate professor Jeff Andrews-Hanna. "But there has been little physical evidence to shed light on the exact sequence of events during this critical phase of lunar history, and there is a lot of disagreement in the details of what went down -- literally."

Did this material sink as it formed a little at a time, or all at once after the moon had fully solidified? Did it sink into the interior globally and then rise up on the near side, or did it migrate to the near side and then sink? Did it sink in one big blob, or several smaller blobs?




"Without evidence, you can pick your favorite model. Each model holds profound implications for the geologic evolution of our moon," said co-lead author Adrien Broquet of the German Aerospace Center in Berlin, who did the work during his time as a postdoctoral research associate at LPL.

In a previous study, led by Nan Zhang at Peking University in Beijing, who is also a co-author on the latest paper, models predicted that the dense layer of titanium-rich material beneath the crust first migrated to the near side of the moon, possibly triggered by a giant impact on the far side, and then sunk into the interior in a network of sheetlike slabs, cascading into the lunar interior almost like waterfalls. But when that material sank, it left behind a small remnant in a geometric pattern of intersecting linear bodies of dense titanium-rich material beneath the crust.

"When we saw those model predictions, it was like a lightbulb went on," said Andrews-Hanna, "because we see the exact same pattern when we look at subtle variations in the moon's gravity field, revealing a network of dense material lurking below the crust."

In the new study, the authors compared simulations of a sinking ilmenite-rich layer to a set of linear gravity anomalies detected by NASA's GRAIL mission, whose two spacecraft orbited the moon between 2011 and 2012, measuring tiny variations in its gravitational pull. These linear anomalies surround a vast dark region of the lunar near side covered by volcanic flows known as mare (Latin for "sea").

The authors found that the gravity signatures measured by the GRAIL mission are consistent with ilmenite layer simulations, and that the gravity field can be used to map out the distribution of the ilmenite remnants left after the sinking of the majority of the dense layer.

"Our analyses show that the models and data are telling one remarkably consistent story," Liang said. "Ilmenite materials migrated to the near side and sunk into the interior in sheetlike cascades, leaving behind a vestige that causes anomalies in the moon's gravity field, as seen by GRAIL."

The team's observations also constrain the timing of this event: The linear gravity anomalies are interrupted by the largest and oldest impact basins on the near side and therefore must have formed earlier. Based on these cross-cutting relationships, the authors suggest that the ilmenite-rich layer sank prior to 4.22 billion years ago, which is consistent with it contributing to later volcanism seen on the lunar surface.




"Analyzing these variations in the moon's gravity field allowed us to peek under the moon's surface and see what lies beneath," said Broquet, who worked with Liang to show that the anomalies in the moon's gravitational field match what would be expected for the zones of dense titanium-rich material predicted by computer simulation models of lunar overturn.

Lopsided moon

While the detection of lunar gravity anomalies provides evidence for the sinking of a dense layer in the moon's interior and allows for a more precise estimate of how and when this event occurred, what we see on the surface of the moon adds even more intrigue to the story, according to the research team.

"The moon is fundamentally lopsided in every respect," Andrews-Hanna said, explaining that the near side facing the Earth, and particularly the dark region known as Oceanus Procellarum region, is lower in elevation, has a thinner crust, is largely covered in lava flows, and has high concentrations of typically rare elements like titanium and thorium. The far side differs in each of these respects. Somehow, the overturn of the lunar mantle is thought to be related to the unique structure and history of the near side Procellarum region. But the details of that overturn have been a matter of considerable debate among scientists.

"Our work connects the dots between the geophysical evidence for the interior structure of the moon and computer models of its evolution," Liang added.

"For the first time we have physical evidence showing us what was happening in the moon's interior during this critical stage in its evolution, and that's really exciting," Andrews-Hanna said. "It turns out that the moon's earliest history is written below the surface, and it just took the right combination of models and data to unveil that story."

"The vestiges of early lunar evolution are present below the crust today, which is mesmerizing," Broquet said. "Future missions, such as with a seismic network, would allow a better investigation of the geometry of these structures."

Liang added: "When the Artemis astronauts eventually land on the moon to begin a new era of human exploration, we will have a very different understanding of our neighbor than we did when the Apollo astronauts first set foot on it."
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Climate change threatens Antarctic meteorites | ScienceDaily
Using artificial intelligence, satellite observations, and climate model projections, a team of researchers from Switzerland and Belgium calculate that for every tenth of a degree of increase in global air temperature, an average of nearly 9,000 meteorites disappear from the surface of the ice sheet. This loss has major implications, as meteorites are unique samples of extraterrestrial bodies that provide insights into the origin of life on Earth and the formation of the Moon.


						
Disappearing at an alarming rate

By 2050, about a quarter of the estimated of 300,000 -- 800,000 meteorites in Antarctica will be lost due to glacial melt. By end of the century, researchers anticipate that number could rise approaching a loss of meteorites closer to three-quarters of the meteorites on the continent under a high-warming scenario.

Published in the journal Nature Climate Change, Harry Zekollari co-led the study while working under Professor Daniel Farinotti in the Laboratory of Hydraulics, Hydrology and Glaciology at the Department of Civil, Environmental and Geomatic Engineering at ETH Zurich. Zekollari and co-lead Veronica Tollenaar, Universite Libre de Bruxelles, reveal in the study that ongoing warming results in the loss of about 5,000 meteorites a year, outpacing the collection efforts of Antarctic meteorites by a factor five.

Meteorites -- time capsules of the universe

Zekollari, now an Associate Professor of Glaciology at Vrije Universiteit Brussel, calls for a major international effort to preserve the scientific value of meteorites, "We need to accelerate and intensify efforts to recover Antarctic meteorites. The loss of Antarctic meteorites is much like the loss of data that scientists glean from ice cores collected from vanishing glaciers -- once they disappear, so do some of the secrets of the universe."

Meteorites are fragments from space that provide unique information about our solar system. Antarctica is the most prolific place to find meteorites, and to date, about 60 percent of all meteorites ever found on Earth have been collected from the surface of the Antarctic ice sheet. The flow of the ice sheet concentrates meteorites in so-called "meteorite stranding zones," where their dark crust allows them to be easily detected. In addition to intensifying recovery operations, there is potential to increase the efficiency of meteorite recovery missions in the short term. This potential relies mainly on data-driven analysis to identify unexplored meteorite stranding zones and mapping areas exposing blue ice where meteorites are often found.




Extraterrestrial heritage slipping away

Due to their dark colour, meteorites preferentially heat up with respect to the surrounding ice. As this heat transfers from the meteorites to the ice, it can warm up the ice, and eventually cause the ice to locally melt, leading to a sinking of meteorites underneath the surface of the ice sheet. Once the meteorites enter the ice sheet, even at shallow depths, they cannot be detected anymore, and they are thus lost for science.

As atmospheric temperatures increase, so does the surface temperature of the ice, intensifying the loss. "Even when temperatures of the ice are well below zero, the dark meteorites warm-up so much in the sun that they can melt the ice directly beneath the meteorite. Through this process, the warm meteorite creates a local depression in the ice and over time fully disappears under the surface," says Tollenaar.

Scientists conclude that in the long-term, the only way to preserve most of the remaining unrecovered Antarctic meteorites is to rapidly reduce greenhouse gas emissions.
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New study highlights the benefit of touch on mental and physical health | ScienceDaily

You might recognize the comforting feeling when someone offers you a hug at the end of a stressful day or strokes your shoulder when you're feeling down. But the question remains: can touch really help you feel better, and does it matter who it's from or how they touch you? To explore these questions, researchers from the Social Brain Lab at the Netherlands Institute for Neuroscience and the University Hospital Essen conducted a large-scale analysis of studies exploring touch interventions.

The benefits of touch on mental and physical health 

Does touch truly improve someone's wellbeing? It is an easy question to ask but more complicated to answer. Individual studies often only focus on specific instances and may contradict each other. Combining all these studies together for a large-scale analysis offers a clearer answer: yes, touch substantially improves both physical and mental wellbeing, for example via reduction of pain, anxiety, depression, and stress in adults. But in fact, those with physical or mental health problems (and therefore most in need of support) benefit even more from touch than healthy adults. "This is especially relevant considering how often touch interventions are overlooked" Packheiser, first author, adds.

"A key question of our study is to leverage the hundreds of individual studies out there to identify what type of touch works best," adds professor Keysers, director of the Social Brain Lab. "What if you don't have a friend or partner close by to hug you? Would touch from a stranger or even a machine also help? And how often? The study clearly shows that touch can indeed be optimized, but the most important factors are not necessarily those we suspect."

Interestingly, the person touching you, how they touch you, and the duration of their touch doesn't make a difference in terms of impact. A long-lasting massage by a therapist could therefore be just as effective as a quick hug offered by a friend. That is, until the frequency of the intervention is considered. The more often a touch intervention is offered, the greater the impact. A quick hug could therefore be even more impactful than a massage if it is offered more frequently.

Human or non-human touch?

The next question was whether touch intervention needs to be human at all. As it turns out, object or robot interventions can be equally effective at improving physical wellbeing. "There are lots of people in need of wellbeing improvements, perhaps because they're lonely but also because they may be inflicted by clinical conditions. These results indicate that a touch-robot, or even a simple weighted blanket has the potential to help those people," last author Frederic Michon explains. However, the benefits of robot and object interventions are less effective for mental wellbeing. Mental health disorders like anxiety or depression might therefore require human touch after all, "perhaps suggestive of the importance for an emotional component associated with the touch," Michon point out.




While the researchers were equally curious about human-to-animal contact, studies exploring this question are still lacking. "It would be useful to see whether an animal's or pet's touch could improve wellbeing, and inversely if they also benefit from it, but unfortunately there simply aren't enough studies, or properly controlled ones, for us to draw any general conclusions on these topics," Michon clarifies.

Touch interventions across ages

When the team looked into the impact of touch on newborns, they found out that newborns also benefited significantly from touch. However, the person conducting the touch intervention was more important: the benefits of touch are higher when done by a parent instead of a healthcare worker. "This finding could be impactful," Packheiser adds. "Death rates due to premature births are high in some countries and the knowledge that a baby benefits more from the touch of their own parent offers another easily implementable form of support for the baby's health."

Due to a lack of studies, it proved difficult to draw conclusions about children and teenagers. "Large scale studies like this help us draw more general conclusions but they also help us identify where research is lacking," Michon explains. "We hope that our findings can steer future research to explore lesser-known questions. This includes animal touch, but also touch across ages, and in specific clinical settings like autistic patients, another category that has not been explored extensively."
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Mediterranean marine worm has developed enormous eyes | ScienceDaily
Scientists are amazed at the discovery of a bristle worm with such sharp-seeing eyes that they can measure up to those of mammals and octopuses. The researchers from University of Copenhagen and Lund University suspect that these marine worms may have a secretive language, which uses UV light only seen by their own species. The advanced vision of such a primitive creature helps to finally settle an epic debate about the evolution of eyes.


						
The Vanadis bristle worm has eyes as big as millstones -- relatively speaking. Indeed, if our eyes were proportionally as big as the ones of this Mediterranean marine worm, we would need a big sturdy wheelbarrow and brawny arms to lug around the extra 100kg.

As a set, the worm's eyes weigh about twenty times as much as the rest of the animal's head and seem grotesquely out of place on this tiny and transparent marine critter. As if two giant, shiny red balloons have been strapped to its body.

Vanadis bristle worms, also known as polychaetes, can be found around the Italian island of Ponza, just west of Naples. Like some of the island's summertime partiers, the worms are nocturnal and out of sight when the sun is high in the sky. So what does this polychaete do with its walloping peepers after dark? And what are they good for?

Neuro- and marine biologist Anders Garm from the University of Copenhagen's Department of Biology couldn't ignore the question. Setting other plans aside, the researcher felt compelled to dive in and try to find out. He was hooked as soon as his colleague Michael Bok at Lund University showed him a recording of the bristle worm.

"Together, we set out to unravel the mystery of why a nearly invisible, transparent worm that feeds in the dead of night has evolved to acquire enormous eyes. As such, the first aim was to answer whether large eyes endow the worm with good vision," says Michael Bok who together with Anders Garm, authors a new research article that does just that.

It turns out that the Vanadis' eyesight is excellent and advanced. Research has demonstrated that this worm can use its eyes to see small objects and track their movements.




"It's really interesting because an ability like this is typically reserved for us vertebrates, along with arthropods (insects, spiders, etc.) and cephalopods (octopus, squid). This is the first time that such an advanced and detailed view has been demonstrated beyond these groups. In fact, our research has shown that the worm has outstanding vision. Its eyesight is on a par with that of mice or rats, despite being a relatively simple organism with a miniscule brain," says Garm.

This is what makes the worm's eyes and extraordinary vision unique in the animal kingdom. And it was this combination of factors about the Vanadis bristle worm that really caught Anders Garm's attention. The researcher's work focuses on understanding how otherwise simple nervous systems can have very complex functions -- which was definitely the case here.

UV light and a secret language

For now, the researchers are trying to find out what caused the worm to develop such good eyesight. The worms are transparent, except for their eyes, which need to register light to function. So they can't be inherently transparent. That means that they come with evolutionary trade-offs. As becoming visible must have come at a cost to the Vanadis, something about the evolutionarily benefits of its eyes must outweigh the consequences.

Precisely what the worms gain remains unclear, particularly because they are nocturnal animals that tuck away during the day, when eyes usually work best.

"No one has ever seen the worm during the day, so we don't know where it hides. So, we cannot rule out that its eyes are used during the day as well. What we do know is that its most important activities, like finding food and mating, occur at night. So, it is likely that this is when its eyes are important," says Anders Garm.




Part of the explanation may be due to the fact that these worms see different wavelengths of light than we humans do. Their vision is geared to ultraviolet light, invisible to the human eye. And according to Garm, this may indicate that the purpose of its eyes is to see bioluminescent signals in the otherwise pitch-black nighttime sea.

"We have a theory that the worms themselves are bioluminescent and communicate with each other via light. If you use normal blue or green light as bioluminescence, you also risk attracting predators. But if instead, the worm uses UV light, it will remain invisible to animals other than those of its own species. Therefore, our hypothesis is that they've developed sharp UV vision so as to have a secret language related to mating," says Garm, who continues:

"It may also be that they are on the lookout look for UV bioluminescent prey. But regardless, it makes things truly exciting as UV bioluminescence has yet to be witnessed in any other animal. So, we hope to be able to present this as the first example," says the researcher.

Exciting for robotics research and evolutionary history

As a result of the discovery, Anders Garm and his research colleagues have also started working with robotics researchers from the Maersk Mc-Kinney Moller Institute at the University of Southern Denmark (SDU) who find technological inspiration in biology. Together, they share a common goal of investigating whether it is possible to understand the mechanism behind these eyes well enough so as to translate it into technology.

"Together with the robotics researchers, we are working to understand how animals with brains as simple as these can process all of the information that such large eyes are likely able to collect. This suggests that there are super smart ways to process information in their nervous system. And if we can detect these mechanisms mathematically, they could be integrated into computer chips and used to control robots," explains Ander Garm.

According to Garm, Vanadis' eyes are also interesting with regards to evolutionary theory because they could help settle one of the heaviest academic debates surrounding the theory: Whether eyes have only evolved once -- and evolved into every form that we know of today, or whether they have arisen several times, independently of one another, in evolutionary history.

Vanadis' eyes are built simply, but equipped with advanced functionality. At the same time, they have evolved in a relatively short evolutionarily time span of just a few million years. This means that they must have developed independently of, for example, human eyes, and that the development of vision, even with a high level of function, is possible in a relatively short time.

The eye and evolution

In general, eyes come in complex sizes, which is the case with the human eye, for example. Evolutionary skeptics have often pointed to the eye and said 'see for yourself, this must have been created by God'. The eyes of the Vanadis worm have a surprisingly simple natural "design" that has evolved in a relatively short time span compared to typical evolutionary timelines -- i.e., a few million years. Despite their simplicity, they are advanced.

The emergence of eyes has been the subject of many debates since Darwin presented his theory of evolution in On the Origin of Species, both among those who are religious and skeptics outside science, as well as among eye biology and vision researchers.

One of these debates has been about whether eyes have only evolved once -- and into every form that we know today, or whether they have arisen several times, independently of one another, in evolutionary history. Research in recent years has provided a number of pieces of evidence to support the latter, and the eyes of the Vanadis worm are another powerful piece of evidence in that direction.

"This means that they must have developed independently of, for example, human eyes and that the development of vision, even with a high level of function, is possible in a relatively short time. Because, this worm is so young on an evolutionary scale," says Michael Bok.

Darwin and the eye

In Charles Darwin's major work, On the Origin of Species, he wrote about the incredible nature of the eye in relation to his theory of evolution by natural selection. He is often quoted by evolutionary skeptics as saying:

"To suppose that the eye with all its inimitable contrivances for adjusting the focus to different distances, for admitting different amounts of light, and for the correction of spherical and chromatic aberration, could have been formed by natural selection, seems, I confess, absurd in the highest degree..."

But these quotations often forget to add the end of the passage:

"Yet reason tells me, that if numerous gradations from a perfect and complex eye to one very imperfect and simple, each grade being useful to its possessor, can be shown to exist; if further, the eye does vary ever so slightly, and the variations be inherited, which is certainly the case; and if any variation or modification in the organ be ever useful to an animal under changing conditions of life, then the difficulty of believing that a perfect and complex eye could be formed by natural selection, though insuperable by our imagination, can hardly be considered real." (Origin of Species, chap. 6)

Facts: The Worm
    	The Vanadis worm belongs to a family of large-eyed bristle worms, or polychaeta, found in many parts of the world.
    	Its eyesight rivals that of rodents such as mice and rats. Vanadis' eyes weigh about 20 times more than the rest of its head
    	The worms can see UV light and focus on relatively small objects, tracking them as they move.
    	It is nocturnal. The researchers believe that these bristle worms use their eyes to communicate for mating and hunting prey.

Facts: Bioluminescence
    	Bioluminescence is when organisms are luminescent, i.e., capable of producing light using their own power. This can be done chemically within the body, as with glow-worms.
    	Should the researchers succeed in documenting it, the Vanadis worm could become the first animal proven to use UV bioluminescence, meaning that they create ultraviolet light naturally, for communication, among other things.
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Telescope detects unprecedented behavior from nearby magnetar | ScienceDaily
Researchers using Murriyang, CSIRO's Parkes radio telescope, have detected unusual radio pulses from a previously dormant star with a powerful magnetic field.


						
 New results published today in Nature Astronomy describe radio signals from magnetar XTE J1810-197 behaving in complex ways.

 Magnetars are a type of neutron star and the strongest magnets in the Universe. At roughly 8,000 light years away, this magnetar is also the closest known to Earth.

 Most are known to emit polarised light, though the light this magnetar is emitting is circularly polarised, where the light appears to spiral as it moves through space.

 Dr Marcus Lower, a postdoctoral fellow at Australia's national science agency -- CSIRO, led the latest research and said the results are unexpected and totally unprecedented.

 "Unlike the radio signals we've seen from other magnetars, this one is emitting enormous amounts of rapidly changing circular polarisation. We had never seen anything like this before," Dr Lower said.

 Dr Manisha Caleb from the University of Sydney and co-author on the study said studying magnetars offers insights into the physics of intense magnetic fields and the environments these create.




 "The signals emitted from this magnetar imply that interactions at the surface of the star are more complex than previous theoretical explanations."

 Detecting radio pulses from magnetars is already extremely rare: XTE J1810-197 is one of only a handful known to produce them.

 While it's not certain why this magnetar is behaving so differently, the team has an idea.

 "Our results suggest there is a superheated plasma above the magnetar's magnetic pole, which is acting like a polarising filter," Dr Lower said.

 "How exactly the plasma is doing this is still to be determined."

 XTE J1810-197 was first observed to emit radio signals in 2003. Then it went silent for well over a decade. The signals were again detected by the University of Manchester's 76-m Lovell telescope at the Jodrell Bank Observatory in 2018 and quickly followed up by Murriyang, which has been crucial to observing the magnetar's radio emissions ever since.

 The 64-m diameter telescope on Wiradjuri Country is equipped with a cutting edge ultra-wide bandwidth receiver. The receiver was designed by CSIRO engineers who are world leaders in developing technologies for radio astronomy applications.

 The receiver allows for more precise measurements of celestial objects, especially magnetars, as it is highly sensitive to changes in brightness and polarisation across a broad range of radio frequencies.

 Studies of magnetars such as these provide insights into a range of extreme and unusual phenomena, such as plasma dynamics, bursts of X-rays and gamma-rays, and potentially fast radio bursts.
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A simple, inexpensive way to make carbon atoms bind together | ScienceDaily
The active ingredient in many drugs is what's known as a small molecule: bigger than water, much smaller than an antibody and mainly made of carbon. It's tough, however, to make these molecules if they require a quaternary carbon -- a carbon atom bonded to four other carbon atoms. But now, Scripps Research scientists have uncovered a potential cost-effective way to produce these tricky motifs.


						
In the new findings, which were published in Science on April 5, 2024, Scripps Research chemists show that it's possible to convert feedstock chemicals into quaternary carbons using a single, inexpensive iron catalyst. This method could benefit drug developers by making molecules cheaper and easier to produce at small and large scales.

"Quaternary carbons are ubiquitous across various areas of research -- from drug discovery to material science," says co-first author Nathan Dao, a PhD candidate at Scripps Research. "The synthesis of quaternary carbons, however, is a long-standing challenge in the field of organic chemistry, typically requiring numerous steps and relying on harsh conditions or less accessible starting materials."

In addition to Dao, the study's co-first authors included Xu-Cheng Gan and Benxiang Zhang.

Catalysts are substances used to speed up the rate of a chemical reaction. Sometimes, several different catalysts are necessary to promote a certain reaction and obtain the desired result: a veritable 'reaction soup'. But catalysts can be very expensive, and they don't always react as intended -- and the more catalysts used, the more waste that's produced. But the Scripps Research scientists determined that a single catalyst could perform multiple crucial rolls.

"A difficult chemical reaction often requires many interacting components," according to co-senior author, Ryan Shenvi, PhD, a professor in the Department of Chemistry at Scripps Research. "A benefit of this work is it's incredibly simple."

The team identified simple conditions to convert carboxylic acids and olefins, two major classes of chemical feedstocks -- or raw materials that fuel a machine or industrial process -- into quaternary carbons by using an inexpensive iron-based catalyst. In addition, these chemical feedstocks aren't only abundant, but they're also low cost.




"Similar reactions have been gaining traction lately, so this discovery was inevitable," Shenvi explains. "The pieces were already in the literature, but no one had put them together before."

Overall, the study, which was done in collaboration with the lab of senior co-author Phil Baran, PhD, the Dr. Richard A. Lerner Endowed Chair in the Department of Chemistry at Scripps Research, highlights the ongoing role of chemistry in the development of modern technology and pharmaceuticals.

"This work is yet another striking demonstration of the power of the collaborative atmosphere at Scripps Research to unearth new transformations that can have a dramatic impact on simplifying the practice of organic synthesis," Baran adds.

This work and the researchers involved were supported by funding from the National Institutes of Health (grants GM122606 and GM118176), the National Science Foundation (CHE1955922), Nanjing King-Pharm Co., Ltd), Pfizer and Biogen.
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RNA that doesn't age | ScienceDaily
Certain RNA molecules in the nerve cells in the brain last a life time without being renewed. Neuroscientists from Friedrich-Alexander-Universitat Erlangen-Nurnberg (FAU) have now demonstrated that this is the case together with researchers from Germany, Austria and the USA. RNAs are generally short-lived molecules that are constantly reconstructed to adjust to environmental conditions. With their findings that have now been published in the journal Science, the research group hopes to decipher the complex aging process of the brain and gain a better understanding of related degenerative diseases.


						
Most cells in the human body are regularly renewed, thereby retaining their vitality. However, there are exceptions: the heart, the pancreas and the brain consist of cells that do not renew throughout the whole lifespan, and yet still have to remain in full working order. "Aging neurons are an important risk factor for neurodegenerative illnesses such as Alzheimer's," says Prof. Dr. Tomohisa Toda, Professor of Neural Epigenomics at FAU and at the Max Planck Center for Physics and Medicine in Erlangen. "A basic understanding of the aging process and which key components are involved in maintaining cell function is crucial for effective treatment concepts:"

In a joint study conducted together with neuroscientists from Dresden, La Jolla (USA) and Klosterneuburg (Austria), the working group led by Toda has now identified a key component of brain aging: the researchers were able to demonstrate for the first time that certain types of ribonucleic acid (RNA) that protect genetic material exist just as long as the neurons themselves. "This is surprising, as unlike DNA, which as a rule never changes, most RNA molecules are extremely short-lived and are constantly being exchanged," Toda explains.

In order to determine the life span of the RNA molecules, the Toda group worked together with the team from Prof. Dr. Martin Hetzer, a cell biologist at the Institute of Science and Technology Austria (ISTA). "We succeeded in marking the RNAs with fluorescent molecules and tracking their lifespan in mice brain cells," explains Tomohisa Toda, who has unique expertise in epigenetics and neurobiology and who was awarded an ERC Consolidator Grant for his research in 2023. "We were even able to identify the marked long-lived RNAs in two year old animals, and not just in their neurons, but also in somatic adult neural stem cells in the brain."

In addition, the researchers discovered that the long-lived RNAs, that they referred to as LL-RNA for short, tend to be located in the cells' nuclei, closely connected to chromatin, a complex of DNA and proteins that forms chromosomes. This indicates that LL-RNA play a key role in regulating chromatin. In order to confirm this hypothesis, the team reduced the concentration of LL-RNA in an in-vitro experiment with adult neural stem cell models, with the result that the integrity of the chromatin was strongly impaired.

"We are convinced that LL-RNAs play an important role in the long-term regulation of genome stability and therefore in the life-long conservation of nerve cells," explains Tomohisa Toda. "Future research projects should give a deeper insight into the biophysical mechanisms behind the long-term conservation of LL-RNAs. We want to find out more about their biological function in chromatin regulation and what effect aging has on all these mechanisms."
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CHEOPS detects a 'rainbow' on an exoplanet | ScienceDaily
The CHEOPS space telescope, whose scientific operations centre is based at the University of Geneva (UNIGE), is providing new information on the mysterious exoplanet WASP-76b. This ultra-hot giant is characterised by an asymmetry between the amount of light observed on its eastern terminator -- the fictitious line that separates its night side from its day side -- and that observed on its western terminator. This peculiarity is thought to be due to a ''glory'', a luminous phenomenon similar to a rainbow, which occurs if the light from the star -- the ''sun'' around which the exoplanet orbits -- is reflected by clouds made up of a perfectly uniform substance. If this hypothesis is confirmed, this would be the first detection of this phenomenon outside our solar system. This work, carried out in collaboration with the European Space Agency (ESA) and the University of Bern (UNIBE), is published in Astronomy & Astrophysics.


						
WASP-76b is an ultra-hot giant planet. Orbiting its host star twelve times closer than Mercury orbits our Sun, it receives more than 4,000 times the Sun's radiation on Earth. ''The exoplanet is 'inflated' by the intense radiation from its star. So, although it is 10% less massive than our cousin Jupiter, it is almost twice as big,'' explains Monika Lendl, assistant professor in the Department of Astronomy of the UNIGE Faculty of Science, and co-author of the study.

Since its discovery in 2013, WASP-76b has been the subject of intense scrutiny by astronomers. A strangely hellish picture has emerged. One side of the planet is always facing its star, reaching temperatures of 2,400 degrees Celsius. Elements that would form rocks on Earth melt and evaporate here, before condensing on the slightly cooler night side, creating clouds of iron that drip molten iron rain.

The crucial contribution of CHEOPS

One of the most disturbing observations for astronomers is the asymmetry between the planet's two terminators. The terminator is the imaginary line that separates the day and night sides of a planet. In the case of WASP-76b, the observations show an increase in the amount of light from the terminator to the east of the planet compared with the one to the west.

To solve this mystery, astronomers used no fewer than twenty-three observations with the CHEOPS space telescope, spread over three years. The ESA satellite, which is piloted by Switzerland and has its scientific operations centre at the UNIGE Department of Astronomy, observed numerous secondary eclipses of the planet (when it passes behind its star) and several phase curves (continuous observation during a complete revolution of the planet).

Combining these new data with those from other telescopes (TESS, Hubble and Spitzer), the astronomers were able to put forward a surprising hypothesis to explain the excess luminous flux on the eastern side of the planet: ''This unexpected glow could be caused by a strong, localised and anisotropic reflection -- i.e. one that depends on direction -- what we call a glory,'' explains Olivier Demangeon, researcher at the Instituto de Astrofisica e Ciencias do Espaco in Portugal and lead author of the study.




A first outside our solar system

Glories are common phenomena on Earth. They have also been observed on Venus. The effect, similar to a rainbow, occurs when light is reflected by clouds made up of perfectly uniform droplets. In the case of Earth, the droplets are made out of water, but the nature of these droplets on WASP-76b remains mysterious. It could be iron, as this has already been detected in the planet's extremely hot atmosphere. The detection of this phenomenon on WASP-76b is the first of its kind outside our solar system.

''The reason why no such glory has ever been observed outside our solar system is that this phenomenon requires very specific conditions. First of all, the atmospheric particles must be almost perfectly spherical, completely uniform and sufficiently stable to be observed throughout a long time. These droplets have to be directly illuminated by the planet's host star, and the observer -- in this case CHEOPS -- must be in the right position,'' explains Olivier Demangeon.

Results to be confirmed

Further data will be needed to confirm with certainty that this intriguing excess of light on the eastern terminator of WASP-76b is a glory. This confirmation would attest to the presence of clouds made up of perfectly spherical droplets that have existed for at least three years, or that are constantly renewing themselves. For such clouds to persist, the temperature of the atmosphere would also have to be stable over time -- a fascinating and detailed insight into what could be happening on WASP-76b.

Detecting such tiny phenomena at such a great distance will enable scientists and engineers to identify others that are just as crucial. For example, the reflection of starlight off liquid lakes and oceans -- a necessary condition for habitability.
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Stellar collisions produce strange, zombie-like survivors | ScienceDaily
Despite their ancient ages, some stars orbiting the Milky Way's central supermassive black hole appear deceptively youthful. But unlike humans, who might appear rejuvenated from a fresh round of collagen injections, these stars look young for a much darker reason.


						
They ate their neighbors.

This is just one of the more peculiar findings from new Northwestern University research. Using a new model, astrophysicists traced the violent journeys of 1,000 simulated stars orbiting our galaxy's central supermassive black hole, Sagittarius A* (Sgr A*).

So densely packed with stars, the region commonly experiences brutal stellar collisions. By simulating the effects of these intense collisions, the new work finds that collision survivors can lose mass to become stripped down, low-mass stars or can merge with other stars to become massive and rejuvenated in appearance.

"The region around the central black hole is dense with stars moving at extremely high speeds," said Northwestern's Sanaea C. Rose, who led the research. "It's a bit like running through an incredibly crowded subway station in New York City during rush hour. If you aren't colliding into other people, then you are passing very closely by them. For stars, these near collisions still cause them to interact gravitationally. We wanted to explore what these collisions and interactions mean for the stellar population and characterize their outcomes."

Rose will present this research at the American Physical Society's (APS) April meeting in Sacramento, California. "Stellar Collisions in the Galactic Center" will take place on Thursday (April 4) as part of the session "Particle Astrophysics and the Galactic Center."

Rose is the Lindheimer Postdoctoral Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). She began this work as a Ph.D. candidate at UCLA.




Destined to collide

The center of our Milky Way is a strange and wild place. The gravitational pull of Sgr A* accelerates stars to whip around their orbits at terrifying speeds. And the sheer number of stars packed into the galaxy's center is upwards of a million. The densely packed cluster plus the lightning-fast speeds equal a high-speed demolition derby. In the innermost region -- within 0.1 parsecs of the black hole -- few stars escape unscathed.

"The closest star to our sun is about four light-years away," Rose explained. "Within that same distance near the supermassive black hole, there are more than a million stars. It's an incredibly crowded neighborhood. On top of that, the supermassive black hole has a really strong gravitational pull. As they orbit the black hole, stars can move at thousands of kilometers per second."

Within this tight, hectic neighborhood, stars can collide with other stars. And the closer stars live to the supermassive black hole, the likelihood of collision increases. Curious of the outcomes of these collisions, Rose and her collaborators developed a simulation to trace the fates of stellar populations in the galactic center. The simulation takes several factors into account: density of the stellar cluster, mass of the stars, orbit speed, gravity and distances from the Sgr A*.

From 'violent high fives' to total mergers

In her research, Rose pinpointed one factor that is most likely to determine a star's fate: its distance from the supermassive black hole.




Within 0.01 parsecs from the black hole, stars -- moving at speeds reaching thousands of kilometers per second -- constantly bump into one another. It's rarely a head-on collision and more like a "violent high five," as Rose describes it. The impacts are not strong enough to smash the stars completely. Instead, they shed their outer layers and continue speeding along the collision course.

"They whack into each other and keep going," Rose said. "They just graze each other as though they are exchanging a very violent high five. This causes the stars to eject some material and lose their outer layers. Depending on how fast they are moving and how much they overlap when they collide, they might lose quite a bit of their outer layers. These destructive collisions result in a population of strange, stripped down, low-mass stars."

Outside of 0.01 parsecs, stars move at a more relaxed pace -- hundreds of kilometers per second as opposed to thousands. Because of the slower speeds, these stars collide with one another but then don't have enough energy to escape. Instead, they merge to become more massive. In some cases, they might even merge multiple times to become 10 times more massive than our sun.

"A few stars win the collision lottery," Rose said. "Through collisions and mergers, these stars collect more hydrogen. Although they were formed from an older population, they masquerade as rejuvenated, young-looking stars. They are like zombie stars; they eat their neighbors."

But the youthful appearance comes at the cost of a shorter life expectancy.

"They die very quickly," Rose said. "Massive stars are sort of like giant, gas-guzzling cars. They start with a lot of hydrogen, but they burn through it very, very fast."

Extreme environment 'unlike any other'

Although Rose finds simple joy in studying the bizarre, extreme region near our galactic center, her work also can reveal information about the history of the Milky Way. And because the central cluster is extremely difficult to observe, her team's simulations can illuminate otherwise hidden processes.

"It's an environment unlike any other," Rose said. "Stars, which are under the influence of a supermassive black hole in a very crowded region, are unlike anything we will ever see in our own solar neighborhood. But if we can learn about these stellar populations, then we might be able to learn something new about how the galactic center was assembled. At the very least, it certainly provides a point of contrast for the neighborhood where we live."

Rose's APS presentation will include research published by The Astrophysical Journal Letters in March 2024and by The Astrophysical Journal in September 2023.

This work was supported by the National Science Foundation (grant number AST 2206428) and NASA (grant number 80NSSC20K050) as well as by the Charles E. Young Fellowship, the Dissertation Year Fellowship at UCLA, the Thacher Fellowship, the Bhaumik Institute and the CIERA Lindheimer Fellowship.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240404190755.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Finds at Schoningen show wood was crucial raw material 300,000 years ago | ScienceDaily
During archaeological excavations in the Schoningen open-cast coal mine in 1994, the discovery of the oldest, remarkably well-preserved hunting weapons known to humanity caused an international sensation. Spears and a double-pointed throwing stick were found lying between animal bones about ten meters below the surface in deposits at a former lakeshore. In the years that followed, extensive excavations have gradually yielded numerous wooden objects from a layer dating from the end of a warm interglacial period 300,000 years ago. The findings suggested a hunting ground on the lakeshore. An interdisciplinary research team from the Universities of Gottingen and Reading (UK), and the Lower Saxony State Office for Cultural Heritage (NLD) has now examined all the wood objects for the first time. State-of-the-art imaging techniques such as 3D microscopy and micro-CT scanners have produced surprising results. The research was published in PNAS.


						
This is the first time that researchers have been able to demonstrate new ways of handling and working the wood, such as the "splitting technique." Small pieces of split wood were sharpened, for example to use them in processing hunted animals. First author Dr Dirk Leder from NLD says: "There is evidence of much more extensive and varied processing of spruce and pine wood than previously thought. Selected logs were shaped into spears and throwing sticks and brought to the site, while broken tools were repaired and recycled on site." At least 20 spears and throwing sticks had been left behind on the former lakeshore. This doubles the number of known wooden weapons at the site. Dr Tim Koddenberg from the University of Gottingen explains: "The extraordinary state of preservation of the Schoningen wood has enabled us, for the first time, to document and identify the woodworking techniques in detail thanks to state-of-the-art microscopy methods."

The wide range of woodworking techniques used, as well as the various weapons and tools of early humans, show the outstanding importance of wood as a raw material, which is almost never preserved from this period. The Schoningen finds bear witness to extensive experience in woodworking, technical know-how and sophisticated work processes. Project leader Professor Thomas Terberger, who works at the NLD and the University of Gottingen, states: "Wood was a crucial raw material for human evolution, but it is only in Schoningen that it has survived from the Palaeolithic period in such quality." Schoningen is therefore part of the internationally outstanding cultural heritage of early humans. Only recently, the site was included in the nomination list for UNESCO World Heritage Site at the request of the state of Lower Saxony.

The study was funded by the German Research Foundation (DFG) and the Ministry of Science and Culture of Lower Saxony.
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Discovery of how limiting damage from an asthma attack could stop disease | ScienceDaily
Scientists at King's College London have discovered a new cause for asthma that sparks hope for treatment that could prevent the life-threatening disease.


						
Most current asthma treatments stem from the idea that it is an inflammatory disease. Yet, the life-threatening feature of asthma is the attack or the constriction of airways, making breathing difficult. The new study, published today in Science, shows for the first time that many features of an asthma attack -- inflammation, mucus secretion, and damage to the airway barrier that prevents infections -- result from this mechanical constriction in a mouse model.

The findings suggest that blocking a process that normally causes epithelial cell death could prevent the damage, inflammation, and mucus that result from an asthma attack.

Professor Jody Rosenblatt from King's College London said: "Our discovery is the culmination of more than ten years work. As cell biologists who watch processes, we could see that the physical constriction of an asthma attack causes widespread destruction of the airway barrier. Without this barrier, asthma sufferers are far more likely to get long-term inflammation, wound healing, and infections that cause more attacks. By understanding this fundamental mechanism, we are now in a better position to prevent all these events."

In the UK, 5.4 million people have asthma and can suffer from symptoms such as wheezing, coughing, feeling breathlessness and a tight chest. Triggers such as pollen or dust can make asthma symptoms worse and can lead to a life-threatening asthma attack.

Despite the disease commonality, the causes of asthma are still not understood. Current medications treat the consequences of an asthma attack by opening the airways, calming inflammation, and breaking up the sticky mucus which clogs the airway, which help control asthma, but do not prevent it.

The answer to stopping asthma symptoms may lie in cell extrusion, a process the researchers discovered that drives most epithelial cell death. Scientists used mouse lung models and human airway tissue to discover that when the airways contract, known as bronchoconstriction, the epithelial cells that line the airway get squeezed out to later die.




Because bronchoconstriction causes so many cell extrusions, it damages the airway barrier which causes inflammation and excess mucus.

In previous studies, the scientists found that the chemical compound gadolinium can block extrusion. In this study, they found it could work in mice to prevent the excess extrusion that causes damage and inflammation after an asthma attack. The authors note that gadolinium has not been tested in humans and has not been deemed to be safe or efficacious.

Professor Rosenblatt said: "This constriction and destruction of the airways causes the post-attack inflammation and excess mucus secretion that makes it difficult for people with asthma to breathe.

"Current therapies do not prevent this destruction -- an inhaler such as Albuterol opens the airways, which is critical to breathing but, dishearteningly, we found it does not prevent the damage and the symptoms that follow an attack. Fortunately, we found that we can use an inexpensive compound, gadolinium which is frequently used for MRI imaging, to stop the airway damage in mice models as well as the ensuing inflammation and mucus secretion. Preventing this damage could then prevent the build-up of musculature that cause future attacks."

Professor Chris Brightling from the University of Leicester and one of the co-authors of the study said: "In the last decade there has been tremendous progress in therapies for asthma particularly directed towards airway inflammation. However, there remains ongoing symptoms and attacks in many people with asthma. This study identifies a new process known as epithelial extrusion whereby damage to the lining of the airway occurs as a consequence of mechanical constriction and can drive many of the key features of asthma. Better understanding of this process is likely to lead to new therapies for asthma."

Dr Samantha Walker, Director of Research and Innovation at Asthma + Lung UK, said: "Only two per cent of public health funding is allocated to developing new treatments for the 12 million people living with lung conditions in the UK so new research that can help in the treatment or prevention of asthma is good news.




"This research using an experimental mouse model shows that constricting the airways leads to damage to the lung lining and inflammation, like that seen in asthma. It is this constriction and resulting damage that makes it difficult for people with asthma to breathe.

"Current medications for asthma work by treating the inflammation, but this isn't effective for everyone. Treatments aim to prevent future asthma attacks and improve asthma control by taking inhalers every day, but we know that ~31 per cent of people with asthma don't have treatment options that work for them, putting them at risk of potentially life-threatening asthma attacks.

"This discovery opens important new doors to explore possible new treatment options desperately needed for people with asthma rather than focusing solely on inflammation."

The discovery of the mechanics behind cell extrusion could underlie other inflammatory diseases that also feature constriction such as cramping of the gut and inflammatory bowel disease.

The paper is in collaboration with the University of Leicester and funded by Wellcome, Howard Hughes Medical Institute and the American Asthma Foundation.
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        Newly found genetic variant defends against Alzheimer's disease
        Neuroscientists have identified a genetic mutation that fends off Alzheimer's disease in people at high risk and could lead to a new way to protect people from the disease.

      

      
        New way to generate human cartilage
        University of Montana researchers and their partners have found a new method to generate human cartilage of the head and neck.

      

      
        New origin of deep brain waves discovered
        Biomedical engineering researchers have uncovered a previously unknown source of two key brain waves crucial for deep sleep: slow waves and sleep spindles. Traditionally believed to originate from one brain circuit linking the thalamus and cortex, the team's findings suggest that the axons in memory centers of the hippocampus play a role.

      

      
        More than half a million global stroke deaths may be tied to climate change
        A changing climate may be linked to growing death and disability from stroke in regions around the world, according to a new study. Researchers found over three decades that non-optimal temperatures, those above or below temperatures associated with the lowest death rates, were increasingly linked to death and disability due to stroke. The study does not prove that climate change causes stroke. It only shows an association. The study also did not examine other risk factors such as high blood pres...

      

      
        Mixed diets balance nutrition and carbon footprint
        What we eat can impact our health as well as the environment. Many studies have looked at the impacts of diets in very general terms focused at the level of food groups. A new study explores this issue following a more nuanced dish-level approach. One of the benefits of this kind of study is that people's connections with their diets vary around the world and have strong cultural associations. Knowledge of the impacts of diets using dishes rather than broad food groups can help individuals make i...

      

      
        AI powered 'digital twin' models the infant microbiome
        Researchers have developed a new generative artificial intelligence (AI) tool that models the infant microbiome. This 'digital twin' of the infant microbiome creates a virtual model that predicts the changing dynamics of microbial species in the gut, and how they change as the infant develops.

      

      
        Size of salty snack influences eating behavior that determines amount consumed
        The size of an individual snack piece not only influences how fast a person eats it, but also how much of it they eat, according to a new study. With nearly a quarter of daily calorie intake in the United States coming from snacks, these findings may have implications for helping people better understand how eating behavior impacts calorie and sodium intake.

      

      
        How the body switches out of 'fight' mode
        Cortisone and other related glucocorticoids are extremely effective at curbing excessive immune reactions. But previously, astonishingly little was known about how they exactly do that. Researchers have now explored the molecular mechanism of action in greater detail. As the researchers report, glucocorticoids reprogram the metabolism of immune cells, activating the body's natural 'brakes' on inflammation. These findings lay the groundwork for development of anti-inflammatory agents with fewer an...

      

      
        New drug prevents flu-related inflammation and lung damage
        Findings show a newly created drug can prevent runaway inflammation while still allowing the immune system to handle the virus, even when given late into infection.

      

      
        Researchers identify protein that controls CAR T cell longevity
        CAR T cell therapy has revolutionized the way certain types of cancer are treated, and the longer those CAR T cells live in a patient's body, the more effectively they respond to cancer. Now, researchers have found that a protein called FOXO1 improves the survival and function of CAR T cells, which may lead to more effective CAR T cell therapies and could potentially expand its use in difficult-to-treat cancers.

      

      
        The genesis of our cellular skeleton, image by image
        Cells contain various specialized structures -- such as the nucleus, mitochondria or peroxisomes -- known as 'organelles'. Tracing their genesis and determining their structure is fundamental to understanding cell function and the pathologies linked to their dysfunction.

      

      
        Researchers discover how we perceive bitter taste
        A new study reveals the detailed protein structure of the TAS2R14, a bitter taste receptor that allows us to perceive bitter taste. In addition to solving the structure of this taste receptor, the researchers were also able to determine where bitter-tasting substances bind to TAS2R14 and how they activate them. The findings may lead to the development of drugs that targeting taste receptors.

      

      
        Does the time of day you move your body make a difference to your health?
        Undertaking the majority of daily physical activity in the evening is linked to the greatest health benefits for people living with obesity, according to researchers who followed the trajectory of 30,000 people over almost 8 years.

      

      
        Mechanism of action of the hepatitis B and D virus cell entry inhibitor bulevirtide deciphered
        Over 12 million people worldwide suffer from a chronic infection with the hepatitis D virus. This most severe viral liver disease is associated with a high risk of dying from liver cirrhosis and liver cancer. It is caused by the hepatitis D virus (HDV), which uses the surface proteins of the hepatitis B virus (HBV) as a vehicle to specifically enter liver cells via a protein in the cell membrane -- the bile salt transporter protein NTCP.

      

      
        New insight into combating drug-resistant prostate cancer
        New research sheds light on the significance of the glucocorticoid receptor in drug-resistant prostate cancer, showing that the development of drug resistance could be prevented by limiting the activity of coregulator proteins.

      

      
        A promising target for new RNA therapeutics now accessible
        Only recently, a new era in medicine began with the first RNA vaccines. These active substances are modified RNAs that trigger immune responses of the human immune system. Another approach in RNA medicine targets the body's own RNA and its protein modulators by specifically tailored active substances.

      

      
        Obese and overweight children at risk of iron deficiency
        Children and young people who are overweight or obese are at significantly higher risk of iron deficiency, according to a study by nutritional scientists.

      

      
        AI makes retinal imaging 100 times faster, compared to manual method
        Researchers applied artificial intelligence (AI) to a technique that produces high-resolution images of cells in the eye. They report that with AI, imaging is 100 times faster and improves image contrast 3.5-fold. The advance, they say, will provide researchers with a better tool to evaluate age-related macular degeneration (AMD) and other retinal diseases.

      

      
        Impact of aldehydes on DNA damage and aging
        Researchers have discovered the connection between aldehydes, organic compounds produced by cells as part of metabolic processes, and rapid aging. Their findings indicate a potential treatment for diseases that lead to accelerated aging as well as a means to counteract aging in healthy people by controlling exposure to aldehyde-inducing substances including alcohol, pollution, and smoke.

      

      
        Scientists identify pro-aging 'sugar signature' in the blood of people living with HIV
        Scientists have identified sugar abnormalities in the blood that may promote biological aging and inflammation in people living with HIV.

      

      
        Revascularization enhances quality of life for patients with chronic limb threatening ischemia
        Over 200 million people around the world experience peripheral artery disease (PAD) -- a condition caused by the narrowing of the blood vessels from the heart to the lower limbs that leads to pain when walking -- and for roughly 1-in-10 this advances to chronic limb-threatening ischemia (CLTI), an advanced form of PAD. Those with CLTI often suffer severe pain even at rest, caused by fatty plaque buildup obstructing blood flow, typically to the leg or foot.

      

      
        A new screening protocol can detect aggressive prostate cancers more selectively
        A large randomized trial shows that a new three-step prostate cancer screening method can find a considerable number of aggressive cancers. Population-level screening programs have not been launched in most countries.

      

      
        Research uncovers differences between men and women in sleep, circadian rhythms and metabolism
        A new review of research evidence has explored the key differences in how women and men sleep, variations in their body clocks, and how this affects their metabolism.

      

      
        The evolving attitudes of Gen X toward evolution
        As the centennial of the Scopes Monkey Trial of 1925 approaches, a new study illustrates that the attitudes of Americans in Generation X toward evolution shifted as they aged.

      

      
        Brain stimulation treatment may improve depression, anxiety in older adults
        A noninvasive brain stimulation treatment improved depression and anxiety symptoms among older adults in a new study.

      

      
        Respiratory allergies: Newly discovered molecule plays a major role in triggering inflammation
        One of the molecules responsible for triggering the inflammation that causes allergic respiratory diseases, such as asthma and allergic rhinitis, has just been discovered. This molecule, from the alarmin family, represents a therapeutic target of major interest for the treatment of allergic diseases.

      

      
        AI-assisted breast-cancer screening may reduce unnecessary testing
        Researchers showed that AI assistance potentially could improve breast-cancer screening by reducing the number of false positives without missing true positives.

      

      
        Connecting lab-grown brain cells provides insight into how our own brains work
        Researchers have developed a technique to connect lab-grown neural 'organoids' (three-dimensional developmental brain-like structures grown from human stem cells) using axonal bundles, similar to the connections between regions in the human brain. This technique allows brain networks to be better represented experimentally in the lab, and will improve understanding and studies of network-related brain disorders.

      

      
        Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials
        In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.

      

      
        Can the bias in algorithms help us see our own?
        New research shows that people recognize more of their biases in algorithms' decisions than they do in their own -- even when those decisions are the same.

      

      
        The genomic architecture of inherited DNA variants
        In a study that spans more than a decade, researchers have looked at generations of families in a specific population to reveal the role newly inherited DNA variants play on recessive disease traits, and in the process, they have created a population specific database revealing unique DNA information unseen in larger cohorts.

      

      
        Beating back bitter taste in medicine
        The bitter taste of certain drugs is a barrier to taking some medications as prescribed, especially for people who are particularly sensitive to bitter taste. A team found that the diabetes drug rosiglitazone could partially block the bitter taste of some especially bad-tasting medications. The hope is that repurposed drugs could be added in small doses to other medicines to make them less bitter and taste better, thereby encouraging compliance with bitter drug regimens.

      

      
        Cardiology team performs novel heart artery repair with newly approved device
        Medical researchers have performed a successful transcatheter tricuspid valve repair procedure with a groundbreaking catheter.

      

      
        Nasal spray safely treats recurrent abnormal heart rhythms, clinical trial suggests
        A clinical trial showed that a nasal spray that patients administer at home, without a physician, successfully and safely treated recurrent episodes of a condition that causes rapid abnormal heart rhythms. The study provides real-world evidence that a wide range of patients can safely and effectively use the experimental drug, called etripamil, to treat recurrent paroxysmal supraventricular tachycardia (PSVT) episodes at home, potentially sparing them the need for repeated hospital trips for more...

      

      
        Targeting RAS proteins may prevent relapse in Acute Myeloid Leukemia
        Relapses in a common form of leukemia may be preventable following new research that has identified how the cancer develops resistance to first line treatments.

      

      
        Machine learning method reveals chromosome locations in individual cell nucleus
        Researchers have made a significant advancement toward understanding how the human genome is organized inside a single cell. This knowledge is crucial for analyzing how DNA structure influences gene expression and disease processes.

      

      
        New consensus statement aims to improve endometriosis evaluation
        A new expert consensus statement aims to improve endometriosis evaluation. Endometriosis is a common condition with substantial diagnostic delay, leading patients to experience pain, infertility, lost wages and interrupted relationships. The consensus provides recommendations for augmenting routine pelvic ultrasounds through additional maneuvers and imaging to improve diagnosis of deep endometriosis.

      

      
        New technique sheds light on memory and learning
        The findings may also have implications for learning and memory disorders, including Fragile X syndrome.

      

      
        New atlas of mRNA variants captures inner workings of the brain
        Investigators have assembled the most comprehensive atlas to date of messenger RNA (mRNA) variants in the mouse and human brain. The atlas is an important new resource in understanding brain development, neuron specialization and other brain functions.

      

      
        A smarter city skyline for flood safety
        With climate change and rising urbanization, the likelihood and severity of urban flooding are increasing. But not all city blocks are created equal. Researchers investigated how urban layout and building structures contribute to pedestrian safety during flooding. Based on their simulated results, the team recommends modifying building corners and protective block layouts to reduce pedestrian risk.

      

      
        Bacteria in cancer unmasked
        Researchers have compiled a detailed catalogue of bacteria living in cancer metastases. Having analyzed over 4000 tumors, they shed light on the diversity of these co-inhabitants and how they might interact with cancer cells and their surroundings. For example, certain bacteria were linked to a worse response to immunotherapy. This study paves the way to a better understanding of how bacteria help or hinder cancer (therapy), and how we can use this for patients' advantage.

      

      
        Periostin shows promise to help fight a common form of esophageal cancer
        Esophageal squamous cell carcinoma (ESCC) accounts for around 90% of esophageal cancers, especially in East Asia. New findings in indicate that periostin, or POSTN, promotes ESCC progression by enhancing cancer and stromal cell migration in cancer-associated fibroblasts (CAFs). Therefore, it may be a novel therapeutic target for treating ESCC.

      

      
        Cognitive decline may be detected using network analysis, according to Concordia researchers
        Researchers use network analysis to study whether it can reveal the subtle changes associated with subjective cognitive decline that cannot otherwise be detected through standard test analyses. By running a statistical analysis of data merged from two large Canadian data sets, the researchers were able to visualize the strength of relationships between the nodes among people who are classified as cognitively normal (CN), or who have diagnoses of subjective cognitive decline (SCD), mild cognitive ...

      

      
        Research could unlock more precise prognoses and targeted treatments for children with cancer
        Researchers have identified new variations in neuroblastoma that could lead to a more accurate prognosis and better-targeted treatments for this devastating childhood cancer. A study reveals three new subgroups of the most common type of neuroblastoma, each with different genetic traits, expected outcomes, and distinguishing features that offer clues as to which treatments may be most effective.

      

      
        After being insulted, writing down your feelings on paper then getting rid of it reduces anger
        Researchers have discovered a simple, but effective, strategy to help people reduce their feelings of anger. Disposing of a piece of paper containing your written thoughts on the cause of your anger can effectively neutralize it. This process is like a Japanese tradition called hakidashisara, in which people write their negative thoughts on a plate then destroy it. Their findings suggest a simple and effective method of suppressing anger supported by science.

      

      
        Are lab-grown brain tissues ethical? There is no no-brainer answer
        Researchers offer insights into the ethical dilemmas and legal complexities surrounding brain organoids, especially those derived from human fetal tissue. Their findings advocate for thorough regulatory frameworks to ensure that scientific and medical progress in this field is conducted responsibly and ethically, with strong regulations supported by sound ethical and legal principles.

      

      
        Heart disease, depression linked by inflammation
        Coronary artery disease and major depression may be genetically linked via inflammatory pathways to an increased risk for cardiomyopathy, a degenerative heart muscle disease, researchers have found.

      

      
        The surprising connection between male infertility and family cancer risk
        A study suggests families with infertile male relatives may face elevated cancer risks. Tapping into genetic data, families could help personalize cancer risk assessments.

      

      
        Tiny brain bubbles carry complete codes
        Scientists discovered that the biological instructions within these vesicles differed significantly in postmortem brain samples donated from patients suffering from Alzheimer's disease.

      

      
        Preventive angioplasty does not improve prognosis
        For heart attack patients, treating only the coronary artery that caused the infarction works just as well as preventive balloon dilation of the other coronary arteries, according to a new large study.
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Newly found genetic variant defends against Alzheimer's disease | ScienceDaily
Columbia researchers have discovered a genetic variant that reduces the odds of developing Alzheimer's disease by up to 70% and may be protecting thousands of people in the United States from the disease.


						
The discovery of the protective variant, which appears to allow toxic forms of amyloid out of the brain and through the blood-brain barrier, supports emerging evidence that the brain's blood vessels play a large role in Alzheimer's disease and could herald a new direction in therapeutic development.

"Alzheimer's disease may get started with amyloid deposits in the brain, but the disease manifestations are the result of changes that happen after the deposits appear," says Caghan Kizil, PhD, a co-leader of the study that identified the variant and associate professor of neurological sciences (in neurology and in the Taub Institute) at Columbia University Vagelos College of Physicians and Surgeons. 

"Our findings suggest that some of these changes occur in the brain's vasculature and that we may be able to develop new types of therapies that mimic the gene's protective effect to prevent or treat the disease."

An attractive drug target?

The protective variant identified by the study occurs in a gene that makes fibronectin, a component of the blood-brain barrier, a lining surrounding the brain's blood vessels that controls the movement of substances in and out of the brain.

Fibronectin is usually present in the blood-brain barrier in very minute amounts, but it is increased in large amounts in people with Alzheimer's disease. The variant identified in the fibronectin gene seems to protect against Alzheimer's disease by preventing the buildup of excess fibronectin at the blood-brain barrier.




"It's a classic case of too much of a good thing," Kizil says. "It made us think that excess fibronectin could be preventing the clearance of amyloid deposits from the brain."

The researchers confirmed that hypothesis in a zebrafish model of Alzheimer's disease and have additional studies in mice underway. They also found that reducing fibronectin in the animals increased amyloid clearance and improved other damage caused by Alzheimer's disease.

"These results gave us the idea that a therapy targeting fibronectin and mimicking the protective variant could provide a strong defense against the disease in people," says study co-leader Richard Mayeux, MD, chair of neurology and the Gertrude H. Sergievsky Professor of Neurology, Psychiatry, and Epidemiology.

The newest treatments for Alzheimer's disease target the amyloid deposits directly and are very efficient at removing the deposits via the immune system. However, simply removing the deposits this way doesn't improve symptoms or repair other damage.

"We may need to start clearing amyloid much earlier and we think that can be done through the bloodstream," Mayeux adds. "That's why we are excited about the discovery of this variant in fibronectin, which may be a good target for drug development."

Protective gene was found in people resilient to Alzheimer's disease

The researchers discovered the protective variant in people who never developed symptoms but who had inherited the e4 form of the APOE gene, which significantly increases the risk of developing Alzheimer's disease.




"These resilient people can tell us a lot about the disease and what genetic and non-genetic factors might provide protection," says study co-leader Badri N. Vardarajan, PhD, assistant professor of neurological science (in neurology, the Gertrude H. Sergievsky Center, and the Taub Institute), who is an expert in using computational approaches to discover Alzheimer's disease genes.

"We hypothesized that these resilient people may have genetic variants that protect them from APOEe4."

To find protective mutations, the Columbia researchers sequenced the genomes of several hundred APOEe4 carriers over age 70 of various ethnic backgrounds, including those with and without Alzheimer's disease. Many participants were residents of Northern Manhattan who were enrolled in the Washington Heights/Inwood Columbia Aging Project, an ongoing study that has been conducted by Columbia University's Department of Neurology for more than 30 years. 

The study identified the fibronectin variant, and the Columbia team publicized their results in a preprint for other researchers to view. Based on the Columbia team's observations, another group from Stanford and Washington universities replicated the study in an independent cohort of APOEe4 carriers, mostly of European origin.

"They found the same fibronectin variant, which confirmed our finding and gave us even more confidence in our result," Vardarajan says.

The two groups combined the data on their 11,000 participants, which allowed them to calculate that the mutation reduces the odds of developing Alzheimer's in APOE4 carriers by 71% and forestalls the disease by roughly four years in those who eventually develop the disease.

The researchers estimate that 1% to 3% of APOEe4 carriers in the United States -- roughly 200,000 to 620,000 people -- may also carry the protective fibronectin mutation.

Wide therapeutic potential

The fibronectin variant, though discovered in APOEe4 carriers, could protect against Alzheimer's disease in people with other forms of APOE.

"There's a significant difference in fibronectin levels in the blood-brain barrier between cognitively healthy individuals and those with Alzheimer's disease, independent of their APOEe4 status," Kizil says.

"Anything that reduces excess fibronectin should provide some protection, and a drug that does this could be a significant step forward in the fight against this debilitating condition."
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New way to generate human cartilage | ScienceDaily
University of Montana researchers and their partners have found a new method to generate human cartilage of the head and neck.


						
Mark Grimes, a biology professor in UM's Division of Biological Sciences, said they have induced stem cells to become the cell type that normally makes up human craniofacial cartilage. Stem cells can replicate themselves and also develop into different types of cells.

"The cells that normally give rise to this type of cartilage are called neural crest cells," Grimes said. "We found a novel method for generating craniofacial organoids from neural crest cells."

Organoids are a simplified, miniature version of an organ that mimic the architecture and gene expression of the organ. "Organoids are a good model for certain human tissues that we can study in ways that are not possible using tissue from human beings," he said.

Grimes said there is a critical unmet need for new methods to regenerate human cartilage for the 230,000 children born annually in the U.S. with craniofacial defects. Growing cartilage in the laboratory also could lead to effective treatments to repair craniofacial cartilage damage due to injuries.

The researchers studied gene expression data at the RNA and protein level to reveal how cartilage cells arise from stem cells. They revealed that stem cells communicate in the early stages to become elastic cartilage, which makes up human ears.

To accomplish this, the team used extensive analysis of biological markers and machine-learning pattern-recognition techniques to understand the cell signaling pathways involved when cells differentiate into cartilage.

It is difficult to reconstruct natural features such as a person's ears, nose or larynx with current plastic surgery techniques, and transplanted tissue is often rejected without immunosuppressants.

"To use patient-derived stem cells to generate craniofacial cartilage in the laboratory, you need to understand the human-specific differentiation mechanisms," Grimes said. "Our aim is to develop a protocol for craniofacial cartilage generation for transplantation using human stem cells."

The research was published in the journal iScience. Besides Grimes, contributing UM authors include Lauren Foltz, Nagashree Avabhrath and Jean-Marc Lanchy. Other authors are Bradly Peterson of Missoula's Pathology Consultants of Western Montana and Tyler Levy, Anthony Possemato and Majd Ariss of Cell Signaling Technology of Danvers, Massachusetts.
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New origin of deep brain waves discovered | ScienceDaily
University of California, Irvine biomedical engineering researchers have uncovered a previously unknown source of two key brain waves crucial for deep sleep: slow waves and sleep spindles. Traditionally believed to originate from one brain circuit linking the thalamus and cortex, the team's findings, published today in Scientific Reports, suggest that the axons in memory centers of the hippocampus play a role.


						
For decades, slow waves and sleep spindles have been identified as essential elements of deep sleep, measured through electroencephalography recordings on the scalp. However, the UC Irvine-led team revealed a novel source of these brain waves within the hippocampus and were able to measure them in single axons.

The study demonstrates that slow waves and sleep spindles can originate from axons within the hippocampus' cornu ammonis 3 region. These oscillations in voltage occur independently of neuronal spiking activity, challenging existing theories about the generation of these brain waves.

"Our research sheds light on a previously unrecognized aspect of deep sleep brain activity," said lead author Mengke Wang, former UC Irvine undergraduate student in biomedical engineering who is now a graduate student at Johns Hopkins University (Wang conducted the study while at UC Irvine). "We've discovered that the hippocampus, typically associated with memory formation, plays a crucial role in generating slow waves and sleep spindles, offering new insights into how these brain waves support memory processing during sleep."

The team utilized innovative techniques -- including in vitro reconstructions of hippocampal subregions and microfluidic tunnels for single axon communication -- to observe spontaneous spindle waves in isolated hippocampal neurons. These findings suggest that spindle oscillations originate from active ion channels within axons, rather than through volume conduction as previously thought.

"The discovery of spindle oscillations in single hippocampal axons opens new avenues for understanding the mechanisms underlying memory consolidation during sleep," said co-author Gregory Brewer, adjunct professor of biomedical engineering. "These findings have significant implications for sleep research, potentially paving the way for new approaches to treating sleep-related disorders."

Brewer's other research affiliations include the Institute for Memory Impairment and Neurological Disorders and the Center for Neurobiology of Learning and Memory.

By uncovering the hippocampus's role in generating slow waves and sleep spindles, this research expands our understanding of the brain's activity during deep sleep and its impact on memory processing. The findings offer a promising foundation for future studies exploring the therapeutic potential of targeting hippocampal activity to improve sleep quality and cognitive function.

Joining Brewer and Wang in this study, which received financial support from the UCI Foundation, were William Tang, professor emeritus of biomedical engineering; Bryce Mander, associate professor of psychiatry & human behavior; and Samuel Lassers, graduate student researcher in biomedical engineering.
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More than half a million global stroke deaths may be tied to climate change | ScienceDaily
A changing climate may be linked to growing death and disability from stroke in regions around the world, according to a study published in the April 10, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. Researchers found over three decades that non-optimal temperatures, those above or below temperatures associated with the lowest death rates, were increasingly linked to death and disability due to stroke. The study does not prove that climate change causes stroke. It only shows an association. The study also did not examine other risk factors such as high blood pressure and high cholesterol levels.


						
Researchers found that the majority of these strokes were due to lower than optimal temperatures, however they also found an increase in strokes tied to higher than optimal temperatures. With lower temperatures, a person's blood vessels can constrict, increasing blood pressure. High blood pressure is a risk factor for stroke. Higher temperatures may cause dehydration, affecting cholesterol levels and resulting in slower blood flow, factors that can also lead to stroke.

"Dramatic temperature changes in recent years have affected human health and caused widespread concern," said study author Quan Cheng, PhD, of Xiangya Hospital Central South University in Changsha, China. "Our study found that these changing temperatures may increase the burden of stroke worldwide, especially in older populations and areas with more health care disparities.

For the study, researchers looked at 30 years of health records for more than 200 countries and territories. They examined the number of stroke deaths and burden of stroke-related disability due to non-optimal temperatures.

They then divided the data to look at different regions, countries and territories. They also looked at age groups and genders.

In 2019, there were 521,031 stroke deaths linked to non-optimal temperatures. There were also 9.4 million disability-adjusted life years due to stroke linked to non-optimal temperatures. Disability-adjusted life years are the number of years of life lost due to premature death and years lived with illness.

When looking at low temperatures compared to high temperatures, they found that 474,002 of the total deaths were linked to low temperatures.




Researchers found that the rate of death from stroke from temperature changes for male participants was 7.7 per 100,000 compared to 5.9 per 100,000 for female participants.

When looking at regions, central Asia had the highest death rate for stroke linked to non-optimal temperatures with 18 per 100,000. At the national level, North Macedonia had the highest death rate with 33 per 100,000.

"More research is needed to determine the impact of temperature change on stroke and to target solutions to address health inequalities," Cheng said. "Future research should aim to reduce this threat by finding effective health policies that address potential causes of climate change, such as the burning of fossil fuels, deforestation and industrial processes."

The study was supported by Hunan Youth Science and Technology Talent Project.
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Mixed diets balance nutrition and carbon footprint | ScienceDaily
What we eat can impact our health as well as the environment. Many studies have looked at the impacts of diets in very general terms focused at the level of food groups. A new study led by researchers at the University of Tokyo explores this issue following a more nuanced dish-level approach. One of the benefits of this kind of study is that people's connections with their diets vary around the world and have strong cultural associations. Knowledge of the impacts of diets using dishes rather than broad food groups can help individuals make informed choices and those in the food industry improve their practices.


						
"Our main conclusion is this: Mixed diets can offer good health and environmental outcomes. This is because mixed diets can afford consumers a larger diversity of dishes that can meet both nutritional requirements and have low carbon footprints," said the lead author of the study, Associate Professor Yin Long from the University of Tokyo's Graduate School of Engineering. "We identified trade-offs in terms of nutrition, carbon footprint and price for individual dishes with multiple ingredients, rather than using broad food categories such as red meat, fish or vegetables, as has been done in most similar studies so far. Although dishes from the same broad categories such as beef-based or fish-based dishes exhibit familiar trends as found in other studies in having comparatively higher carbon footprints, there are times when dishes do not follow the patterns of their respective food groups. It is also interesting to see a large concentration of dishes with low nutrient density and correspondingly low emissions and prices."

Such examples are diets based on dishes with a greater proportion of plant-based ingredients that indeed tend to have lower carbon footprints, but sometimes fail to meet daily requirements for some nutrients. Conversely, mixed diets strike a balance between what is considered good nutritional outcome and carbon footprint. This is because mixed diets tend to afford larger combinations of dishes that both meet daily nutrient requirements and have low carbon footprints than stricter diets, for example, diets relying only on a subset of dish categories. The researchers found this out by analyzing data on 45 dishes popular in Japan that consist of multiple ingredients and have different cooking times, using algorithms that seek to optimize some parameters within sets of data.

"We should stress that we do not believe that impact analyses based on food groups and dishes are mutually exclusive, though. Instead, we believe they are highly complementary. For example, approaches relying on food groups can reveal broadly what sustainable diets can look like and how to achieve them at the production level, pointing to feasible directions for transforming food systems at the global and international levels," said Professor Alexandros Gasparatos, another author of the study from the University of Tokyo's Institute for Future Initiatives. "At the same time, we believe dish-based approaches can inform better the day-to-day organization of food consumption at the national and local levels, by acting as a reality check to inform, design and convey feasible and acceptable ways to steer dietary habits toward more sustainable directions."

In a sense, dish-based approaches can better reflect how food is actually prepared and consumed in a given local context. This in turn better reflects cultural preferences for certain tastes or cooking methods, and cultural acceptability of certain food items. It can also better reflect the relative availability of certain food items, which itself might be due to local environmental conditions, which continue to change.

"Varying cultural preferences and ingredient availability lead to radically different ways to build healthy and sustainable diets between different countries and local contexts," said Gasparatos. "Dietary choices have important ramifications for human health and the environment. On the one hand, unhealthy dietary habits have been associated with the increased prevalence of obesity, diabetes and various types of cancers. On the other hand, food production can have severe environmental impacts through land use, carbon emissions, methane emissions, water pollution, and overconsumption and more. I myself have tried to make some diet-conscious changes in the last couple of years before working on this study. However, the engagement with this research reaffirmed my belief that mixed diets offer lots of benefits and helped me to identify some items and dishes to maybe be consumed in moderation."

Funding: This study was funded by the Leading Initiative for Excellent Young Researchers (LEADER) Program of 2022, and financially supported by the Asahi Group Foundation.
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AI powered 'digital twin' models the infant microbiome | ScienceDaily
The gut microbiome has a profound impact on the health and development of infants. Research shows that dysbiosis -- or imbalances in the microbial community -- is associated with gastrointestinal diseases and neurodevelopmental deficits. Understanding how gut bacteria interact, and how these interactions may lead to some of these problems, however, is difficult and time consuming through traditional laboratory experiments.


						
Researchers at the University of Chicago have developed a new generative artificial intelligence (AI) tool that models the infant microbiome. This "digital twin" of the infant microbiome creates a virtual model that predicts the changing dynamics of microbial species in the gut, and how they change as the infant develops. Using data from fecal samples collected from preterm infants in the neonatal intensive care unit (NICU), researchers used the model, called Q-net, to predict which babies were at risk for cognitive deficits with 76% accuracy.

"You can only get so far by looking at snapshots of the microbiome and seeing the different levels of how many bacteria are there, because in a preterm infant, the microbiome is constantly changing and maturing," said Ishanu Chattopadhyay, PhD, Assistant Professor of Medicine and senior author of the new study, published in Science Advances. "So, we developed a new approach using generative AI to build a digital twin of the system that models the interactions of the bacteria as they change."

Just like other forms of AI, the digital twin concept is a potentially transformative technology, bridging the fields of computer science, engineering, mathematics, and life sciences to replicate the behavior of biological systems. In the case of microbiome dynamics, Chattopadhyay says it's a matter of scale. Typical wet lab experiments that test the interactions of bacteria are time consuming. Testing all the two-way interactions of a typical colony with 1,000 species would take more than 1,000 years -- not to mention that more complex interactions of three, four, or more species are common.

The Q-net model drastically speeds up the time of testing out these interactions, highlighting those that may be of interest for links to a particular outcome. Chattopadhyay and his colleagues trained the model using fecal sample data from infants at UChicago's Comer Children's Hospital. Next, they validated its predictions about how the microbiome would develop using sample data from Beth Israel Deaconess Medical Center in Boston. The model predicted which babies were at risk for cognitive deficits, as measured by head circumference growth, with 76% accuracy.

The model also indicated that interventions like restoring the abundance of a particular bacterial species could reduce the developmental risk of about 45% of the babies. The authors caution, however, that the model also showed that incorrect interventions can make the risk worse.

"You can't just give probiotics and hope that the developmental risk is going to go down," Chattopadhyay said. "What you are supplanting is important, and for many subjects, you also have to time it precisely."

Since Q-net can identify potentially interesting combinations of bacteria, it vastly narrows the search for potential treatment targets. If the gut microbiome is the proverbial haystack, Q-net can give researchers the one-inch squares where they can find the needles.




Chattopadhyay's research partners, like co-author Erika Claud, MD, Professor of Pediatrics and Director of the Center for the Science of Early Trajectories are working with bioreactors that simulate the live gut microbiome environment where they can test out potential interventions and see what happens.

At its core, Q-net models large numbers of variables that interact with each other, so Chattopadhyay believes it can be used for other systems beyond the microbiome, such as the evolution of viruses, or even social phenomena like public opinions.

"If you have a large amount of data, you can train this system well and it will figure out what the connections are," he said. "It can capture very subtle differences, so it has a really large number of applications."
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Size of salty snack influences eating behavior that determines amount consumed | ScienceDaily
The size of an individual snack piece not only influences how fast a person eats it, but also how much of it they eat, according to a new study led by researchers at Penn State. With nearly a quarter of daily calorie intake in the United States coming from snacks, these findings may have implications for helping people better understand how eating behavior impacts calorie and sodium intake.


						
The team of food scientists investigated how the size of pretzels influences eating behavior -- overall intake, eating rate, bite size and snacking duration -- and found that people eat larger pretzels quicker with larger bites. They also found that while people ate smaller pretzels slower and with smaller bites, and ate less overall, they still had higher intake of sodium. Their results are available online now and will be published in the June issue of Appetite.

Seventy-five adults participated in the study, eating snacks three different times in the Sensory Evaluation Center. The oversized snack was about 2.5 servings of one of three sizes of pretzel -- small, medium or large. To calculate eating rate and bite size, the researchers video recorded each snacking session, noting how many minutes each participant spent snacking and the number of bites. They also measured how much each participant ate in both weight and calories.

When participants were given the same amount of food, how much they ate -- in both snack weight and calories -- depended on unit size, with study participants consuming 31% and 22% more of the large pretzels compared to the small and medium sized pretzels, respectively. Size of the pretzel also influenced eating rate and bite size, with the largest pretzel size yielding the fastest eating rate and largest mean bite size.

The researchers also reported that, after accounting for eating behavior, the pretzel size alone did not significantly affect how much a person ate, suggesting the eating behavior the different pretzel sizes prompted was driving total intake. Their results suggest larger pretzel size induces a person to eat more quickly and take bigger bites.

Together, these findings indicate that unit size influences intake by affecting eating behavior and they show that food characteristics such as unit size can be leveraged to moderate snack intake, explained corresponding author John Hayes, professor of food science and director of the Penn State Sensory Evaluation Center.

"The study suggests that food structure -- texture, size and shape -- can be used to modulate eating behavior and food intake," he said. "Food geometry, specifically unit size, is of particular utility for snack foods. We're interested in how the material properties of foods can be harnessed to help people eat less without impacting their enjoyment."

The relationship between pretzel size and sodium intake was obvious but previously overlooked, noted Madeline Harper, a graduate student in food science and lead author on the study. She explained that eating more smaller pretzels likely results in higher sodium consumption. The smaller size has more surface area for the same weight, so the researchers hypothesize that more total salt on the surface means that a snacker would consume more sodium eating them.




"So, we're suggesting that if you're trying to watch your calorie intake or are trying to reduce the amount that you're eating in a snack, then maybe a smaller pretzel would meet your needs better, because of the inherent way the size of the pretzel affects your eating rate," she said. "But if you're more worried about hypertension or the amount of sodium you're consuming, the larger pretzel might be better for you, because you'll consume less sodium in that treatment, even though you might consume more grams of pretzel."

Paige Cunningham, postdoctoral scholar in the Department of Food Science and the Department of Nutritional Sciences at Penn State, and Ciaran Forde, professor and chair in Sensory Science and Eating Behaviour Group in the Division of Nutrition, at Wageningen University, contributed to the research.

The U.S. Department of Agriculture's National Institute of Food and Agriculture supported this research.
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How the body switches out of 'fight' mode | ScienceDaily
Cortisone and other related glucocorticoids are extremely effective at curbing excessive immune reactions. But previously, astonishingly little was known about how they exactly do that. A team of researchers from Charite -- Universitatsmedizin Berlin, Uniklinikum Erlangen and Ulm University have now explored the molecular mechanism of action in greater detail. As the researchers report in the journal Nature, glucocorticoids reprogram the metabolism of immune cells, activating the body's natural "brakes" on inflammation. These findings lay the groundwork for development of anti-inflammatory agents with fewer and less severe side effects.


						
The glucocorticoid cortisone is actually naturally present in the body as cortisol, a stress hormone. The organism releases cortisol to improve the body's responses to stress. Cortisol intervenes in sugar and fat metabolism and affects other parameters, including blood pressure and respiratory and heart rate. At higher doses, it also inhibits the activity of the immune system, which makes it useful for medical purposes: Due to their excellent efficacy, synthetic glucocorticoid derivates that inhibit inflammation, even more than the natural substance present in the body, are used to treat a wide range of immune-mediated inflammatory diseases. They are among the most widely used medications of all.

Glucocorticoids affect not only genes, but also cellular energy sources

However, glucocorticoid-based medications also have side effects, especially at higher doses and when administered for longer periods. These side effects are related to the other effects of the body's own cortisol. They include high blood pressure, osteoporosis, diabetes, and weight gain. With the aim of developing anti-inflammatory agents with fewer and less severe side effects, a team of researchers led by Prof. Gerhard Kronke, director of the Department of Rheumatology and Clinical Immunology at Charite, has now conducted a closer study of how the immunosuppressive effects of glucocorticoids exactly works.

"It was previously known that glucocorticoids activate a number of genes in different cells of the body," Kronke explains. "But through this mechanism, they mainly activate the resources present in the body. This does not adequately explains its strong immunosuppressive effect. In our study, we have now been able to show that glucocorticoids affect more than just the gene expression in immune cells. It also affects the cell s powerhouses, the mitochondria. And that this effect on cell metabolism is in turn crucial to the anti-inflammatory effects exerted by glucocorticoids."

Swords to plowshares

For the study, the research team focused on macrophages, a type of immune cell responsible for eliminating intruders such as viruses and bacteria. These cells can also play a role in the emergence of immune-mediated inflammatory diseases. The researchers studied how these immune cells -- derived in this case from mice -- responded to inflammatory stimuli in a laboratory setting and what effects additional administration of a glucocorticoid had. The researchers observed that in addition to its effect on gene expression, glucocorticoids had a major effect in reversing changes in the cell metabolism that had been initiated by the inflammatory stimuli.




"When macrophages are put into 'fight' mode, they redirect their cellular energy into arming for a fight. Instead of supplying energy, their mitochondria produce the components needed to fight intruders," Kronke says, describing the processes involved. "Glucocorticoids reverse the process, switching the 'fight' mode back off and turning swords into plowshares, so to speak. A tiny molecule called itaconate plays an especially important role in this."

Itaconate mediates anti-inflammatory effect of glucocorticoids

Itaconate is an anti-inflammatory substance that the body naturally produces inside its mitochondria. Macrophages produce it early on when they are activated so that the inflammatory reaction will subside after a certain period. Generation of this natural immune "brake," however, requires sufficient fuel. When the cell s powerhouses are arming up for a fight, that is no longer the case, so itaconate production dwindles to a halt after a while. With normal, short-term inflammation, this timing is effective because the immune response has also subsided in the meantime.

"With a persistent inflammatory stimulus, the drop-off in itaconate production is an issue because there is then no immune 'brake' even though the immune system is still running on all cylinders, eventually contributing to chronic inflammation," explains Dr. Jean-Philippe Auger, a scientist at the Department of Medicine 3 -- Rheumatology and Immunology at Uniklinikum Erlangen and the first author of the study. "This is where glucocorticoids intervenes. By reprogramming the mitochondrial function, they ramp up the formation of itaconate in the macrophages, restoring its anti-inflammatory effect."

The search for new active substances

Using animal models for asthma and rheumatoid arthritis, the researchers were able to demonstrate how much the anti-inflammatory effect of glucocorticoids depends on itaconate. Glucocorticoids had no effect in animals that were unable to produce itaconate. So, if itaconate mediates the immunosuppressant effect of cortisone, wouldn't it be possible to administer itaconate directly, instead of glucocorticoids?

"Unfortunately, itaconate isn't a particularly good candidate as an anti-inflammatory drug, because it's unstable, and due to its high reactivity, it could cause side effects if administered systemically," Kronke explains. "Aside from that, we assume the processes in humans to be a bit more complex than those in mice. So our plan is to look for new synthetic compounds that are just as effective as glucocorticoids at reprogramming the mitochondrial metabolism inside immune cells, but have fewer and less severe side effects."
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New drug prevents flu-related inflammation and lung damage | ScienceDaily
Infection with the influenza virus leads to lung injury through inflammation over-activation that causes collateral damage to cells required for breathing. Such damage can be life-threatening, but scientists have a new preventative treatment. A team from St. Jude Children's Research Hospital, University of Houston, Tufts University School of Medicine and Fox Chase Cancer Center created a drug that can prevent flu-induced lung injury. In a mouse model, the drug achieves a novel balance between shutting down runaway inflammation and allowing the immune system to stop the virus. The findings were published today in Nature.


						
"Our drug significantly increased survival and lowered symptoms of influenza virus infection," said co-corresponding author Paul Thomas, PhD, St. Jude Department of Host-Microbe Interactions. "It dampened dangerous inflammation and even seemed to improve the adaptive response against the virus."

In a series of experiments, the drug UH15-38 protected against lethal influenza. Results showed that the drug protected mouse models from similar amounts of influenza that humans experience, even at low doses. Additionally, the team found that a high drug dose could fully protect against an infection with a substantial amount of virus, which would usually be deadly. The models were protected even if they received the dose days after infection, a difficult achievement for an influenza therapeutic.

"This drug can also do something we've never seen before," Thomas said. "We're able to start five days after the initial infection and show that we're still providing some benefit."

Providers must administer modern antiviral drugs within the first few days of infection to be effective. This study suggests that UH15-38 may fill a currently unmet need, as patients with severe disease have often been infected for several days by the time they get to a doctor. The breakthrough results from understanding how influenza and the immune system interact to cause lung injury.

Sending influenza-infected cells down the right path

"Infected lung cells create inflammation that alerts the immune system that there's a problem, but too much of it generates runaway inflammation that can cause major problems," Thomas said. "We need to strike a delicate balance between maintaining enough of these processes to get rid of the virus, but not so much that you're getting this runaway inflammation."

The collaborating scientists achieved a Goldilocks amount of inflammation using clever chemistry. Their new drug inhibited one part of a major inflammation protein in immune cells: Receptor-Interacting Protein Kinase 3 (RIPK3). RIPK3 controls two cell death pathways in response to infection: apoptosis and necroptosis. Necroptosis is highly inflammatory, but apoptosis is not. Both pathways are used in the antiviral response. UH15-38 was designed to prevent RIPK3 from starting necroptosis while maintaining its pro-apoptotic properties.




"Knocking out RIPK3 entirely is not great because then the immune system can't clear the virus," Thomas said. "When we knocked out just necroptosis, the animals did better because they still had apoptosis and could still get rid of infected cells, but it wasn't as inflammatory."

Stopping lung inflammation and injury

"We also showed that the improved survival was the direct result of the reduction in local inflammation and improved lung cell survival," Thomas said.

In a series of prior studies, the Thomas lab found that a specific set of cells in the lung are collateral damage in the runaway inflammatory response. These cells, Type 1 alveolar epithelial cells, handle gas exchange, letting oxygen in and carbon dioxide out. Loss of these cells leads to an inability to breathe. The current study demonstrated that this group of literal breath-taking cells was spared in the presence of the drug. Additionally, inflammation-related immune cells, such as neutrophils, were far less prevalent in the lungs of treated animals.

"Often the worst part of influenza illness happens after the virus is controlled when runaway inflammation destroys lung cells," Thomas said. "UH15-38 can dampen that influenza-caused inflammation while leaving viral clearance and the other functions of the immune and tissue responses intact. That makes it a promising candidate to move forward toward the clinic."
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Researchers identify protein that controls CAR T cell longevity | ScienceDaily
CAR T cell therapy has revolutionized the way certain types of cancer are treated, and the longer those CAR T cells live in a patient's body, the more effectively they respond to cancer. Now, in a new study, researchers at Children's Hospital of Philadelphia (CHOP) and Stanford Medicine have found that a protein called FOXO1 improves the survival and function of CAR T cells, which may lead to more effective CAR T cell therapies and could potentially expand its use in difficult-to-treat cancers. The findings were published online today by the journal Nature.


						
T cells are a type of immune cell that recognize and kill pathogens in order to protect the host. Cancer is often able to evade the body's immune system, but as a result of CAR T cell therapy, a patient's own T cells can be reprogrammed to recognize and kill these cancer cells, which has led to FDA-approved treatments for certain types of lymphomas and leukemias.

However, fewer than 50% of patients who receive CAR T cell therapy remain cured after a year. One of the reasons for this is that CAR T cells often don't survive long enough in patients to completely eradicate their cancer. Prior research has demonstrated that patients who are cured through CAR T cell therapy often have CAR T cells that live longer and can more successfully fight cancerous cells.

To determine what helps CAR T cells live longer, researchers wanted to understand the underlying biology behind memory T cells, which are a type of natural T cell whose purpose is to persist and retain function. One protein of interest, FOXO1, which activates genes associated with T cell memory, has previously been studied in mice but remains under-researched in human T cells or CAR T cells.

"By studying factors that drive memory in T cells, like FOXO1, we can enhance our understanding of why CAR T cells persist and work more effectively in some patients compared to others," said senior study author Evan Weber, PhD, an Assistant Professor of Pediatrics at the University of Pennsylvania Perelman School of Medicine and cell and gene therapy researcher within the CHOP Center for Childhood Cancer Research (CCCR) and the Center for Cellular and Molecular Therapeutics (CCMT).

To learn more about the role of FOXO1 in human CAR T cells, the researchers in this study used CRISPR to delete FOXO1. They found that in the absence of FOXO1, human CAR T cells lose their ability to form a healthy memory cell or protect against cancer in an animal model, supporting the notion that FOXO1 controls memory and antitumor activity.

Researchers then applied methods to force CAR T cells to overexpress FOXO1, which turned on memory genes and enhanced their ability to persist and fight cancer in animal models. In contrast, when the researchers overexpressed a different memory-promoting factor, there was no improvement in CAR T cell activity, suggesting that FOXO1 plays a more unique role in promoting T cell longevity.

Importantly, researchers also found evidence that FOXO1 activity in patient samples correlates with persistence and long-term disease control, thereby implicating FOXO1 in clinical CAR T cell responses.

"These findings may help improve the design of CAR T cell therapies and potentially benefit a wider range of patients," Weber said. "We are now collaborating with labs at CHOP to analyze CAR T cells from patients with exceptional persistence to identify other proteins like FOXO1 that could be leveraged to improve durability and therapeutic efficacy."

This study was supported by the National Cancer Institute Immunotherapy Discover and Development grants 1U01CA232361-A1, K08CA23188-01, U01CA260852, and U54CA232568-01; the National Human Genome Research Institute grant K99 HGHG012579 (C.A.L.); the Parker Institute for Cancer Immunotherapy; V Foundation for Cancer Research; Society for Immunotherapy of Cancer Rosenberg Scholar Award; Stand Up 2 Cancer -- St. Baldrick's -- NCI grant SU2CAACR-DT1113; and the Virginia and D.K. Ludwig Fund for Cancer Research and NCI grant U2C CA233285.
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The genesis of our cellular skeleton, image by image | ScienceDaily
Cells contain various specialised structures -- such as the nucleus, mitochondria or peroxisomes -- known as "organelles''. Tracing their genesis and determining their structure is fundamental to understanding cell function and the pathologies linked to their dysfunction. Scientists at the University of Geneva (UNIGE) have combined high resolution microscopy and kinematic reconstruction techniques to visualise, in motion, the genesis of the human centriole. This organelle, essential to the organisation of the cell skeleton, is associated -- in case of dysfunction -- with certain cancers, brain disorders or retinal diseases. This work, published in the journal Cell, elucidates the complexities of centriole assembly. It also opens up many new avenues for the study of other cell organelles.


						
Organelle genesis proceeds according to a precise sequence of successive protein recruitment events. Visualising this assembly in real time provides a better understanding of the role of these proteins in organelle structure or function. However, obtaining a video sequence with sufficient resolution to distinguish such complex microscopic components faces a number of technical limitations.

Inflating cells for better observation

This is particularly true of the centriole. This organelle, measuring less than 500 nanometers (half a thousandth of a millimeter), is constituted of around 100 different proteins organised into six substructural domains. Until a few years ago, it was impossible to visualise the structure of the centriole in detail. The laboratory of Paul Guichard and Virginie Hamel, co-directors of research in the Department of Molecular and Cellular Biology at the UNIGE Faculty of Science, has changed this situation by using the technique of expansion microscopy. This cutting-edge technique enables cells and their constituents to be progressively inflated without being deformed, so that they can then be observed -- using conventional microscopes -- with very high resolution.

Obtaining images of the centriole with such high resolution enables the exact location of proteins at a given time but gives no information on the order of appearance of substructural domains or of individual proteins. Marine Laporte, a former research and teaching fellow in the UNIGE group and first author of the study, used expansion microscopy to analyse the location of 24 proteins in the six domains in over a thousand centrioles at different stages of growth.

Reorganising images to set them in motion 

''This very tedious work was followed by a pseudo-temporal kinematic reconstruction. In other words, we were able to put these thousands of images taken at random during centriole biogenesis back into chronological order, to reconstruct the various stages in the formation of centriole substructures, using a computer analysis we developed,'' explains Virginie Hamel, co-leader of the study.

This unique approach, which combines the very high resolution of expansion microscopy and kinematic reconstruction, has enabled us to model the first 4D assembly of the human centriole. ''Our work will not only deepen our understanding of centriole formation, but also open up incredible prospects in cellular and molecular biology, since this method can be applied to other macromolecules and cellular structures to study their assembly in space and time,'' concludes Paul Guichard.
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Researchers discover how we perceive bitter taste | ScienceDaily
Humans can sense five different tastes: sour, sweet, umami, bitter, and salty, using specialized sensors on our tongues called taste receptors. Other than allowing us to enjoy delicious foods, the sensation of taste allows us to determine the chemical makeup of food and prevents us from consuming toxic substances.


						
Researchers at the UNC School of Medicine, including Bryan Roth, MD, PhD, the Michael Hooker Distinguished Professor of Pharmacology, and Yoojoong Kim, PhD, a postdoctoral researcher in the Roth Lab, recently set out to address one very basic question: "How exactly do we perceive bitter taste?"

A new study, published in Nature, reveals the detailed protein structure of the TAS2R14 bitter taste receptor. In addition to solving the structure of this taste receptor, the researchers were also able to determine where bitter-tasting substances bind to TAS2R14 and how they activate them, allowing us to taste bitter substances.

"Scientists know very little about the structural make up of sweet, bitter, and umami taste receptors," said Kim. "Using a combination of biochemical and computational methods, we now know the structure of the bitter taste receptor TAS2R14 and the mechanisms that initializes the sensation of bitter taste in our tongues."

This detailed information is important for discovering and designing drug candidates that can directly regulate taste receptors, with the potential to treat metabolic diseases such as obesity and diabetes.

From Chemicals to Electricity to Sensation

TAS2R14s are members of the G protein-coupled receptor (GPCR) family of bitter taste receptors. The receptors are attached to a protein known as a G protein. TAS2R14 stands out from the others in its family because it can identify more than 100 distinct substances known as bitter tastants.




Researchers found that when bitter tastants come into contact with TAS2R14 receptors, the chemicals wedge themselves into to a specific spot on the receptor called an allosteric site, this causes the protein to change its shape, activating the attached G protein.

This triggers a series of biochemical reactions within the taste receptor cell, leading to activation of the receptor, which can then send signals to tiny nerve fibers -- through the cranial nerves in the face -- to an area of the brain called the gustatory cortex. It is here where the brain processes and perceives the signals as bitterness. And of course, this complex signaling system occurs almost instantaneously.

Cholesterol's Role in Bitter Taste Reception

While working to define its structure, researchers found another unique feature of TAS2R14 -- that cholesterol is giving it a helping hand in its activation.

"Cholesterol was residing in another binding site called the orthosteric pocket in TAS2R14, while the bitter tastant binds to the allosteric site," said Kim. "Through molecular dynamics simulations, we also found that the cholesterol puts the receptor in a semi-active state, so it can be easily activated by the bitter tastant."

Bile acids, which are created in the liver, have similar chemical structures with cholesterol. Previous studies have suggested that bile acids can bind and activate TAS2R14, but little is known about how and where they bind in the receptor.




Using their newfound structure, researchers found that bile acids might be binding to the same orthosteric pocket as cholesterol. While the exact role of bile acid or cholesterol in TAS2R14 remains unknown, it may play a role in the metabolism of these substances or in relation to metabolic disorders such as obesity or diabetes.

How This Can Help Drug Development

The discovery of this novel allosteric binding site for bitter tasting substances is unique.

The allosteric binding region is located between TAS2R14 and its coupled G protein is called G-protein alpha. This region is critical to form a signaling complex, which helps to transfer the signal from the taste receptor to the G-protein to the taste receptor cells.

"In the future, this structure will be key to discovering and designing drug candidates that can directly regulate G proteins through the allosteric sites," said Kim. "We also have the ability to affect specific G-protein subtypes, like G-protein alpha or G-protein beta, rather than other G-protein pathways that we don't want to cause any other side effects."

Roth and Kim have made a number of new discoveries, but some leave more questions than answers. While running a genomics study, they found that the TAS2R14 protein in complex with the GI is expressed outside the tongue, especially in the cerebellum in the brain, the thyroid, and the pancreas. Researchers are planning future studies to elucidate the function these proteins may have outside of the mouth.

This work was supported by the NIH Illuminating the Druggable Genome Initiative.
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Does the time of day you move your body make a difference to your health? | ScienceDaily
Undertaking the majority of daily physical activity in the evening is linked to the greatest health benefits for people living with obesity, according to researchers from the University of Sydney, Australia who followed the trajectory of 30,000 people over almost 8 years.


						
Using wearable device data to categorise participant's physical activity by morning, afternoon or evening, the researchers uncovered that those who did the majority of their aerobic moderate to vigorous physical activity- the kind that raises our heartrate and gets us out of breath- between 6pm and midnight had the lowest risk of premature death and death from cardiovascular disease.

The frequency with which people undertook moderate to vigorous physical activity (MVPA) in the evening, measured in short bouts up to or exceeding three minutes, also appeared to be more important than their total amount of physical activity daily.

The study, led by researchers from the University's Charles Perkins Centre is published in the journal Diabetes Care today.

"Due to a number of complex societal factors, around two in three Australians have excess weight or obesity which puts them at a much greater risk of major cardiovascular conditions such as heart attacks and stroke, and premature death," said Dr Angelo Sabag, Lecturer in Exercise Physiology at the University of Sydney.

"Exercise is by no means the only solution to the obesity crisis, but this research does suggest that people who can plan their activity into certain times of the day may best offset some of these health risks."

Smaller clinical trials have shown similar results, however the large scale of participant data in this study, the use of objective measures of physical activity and hard outcomes, such as premature death, makes these findings significant.




Joint first author Dr Matthew Ahmadi also stressed that the study did not just track structured exercise. Rather researchers focused on tracking continuous aerobic MVPA in bouts of 3 minutes or more as previous research shows a strong association between this type of activity, glucose control and lowered cardiovascular disease risk compared with shorter (non-aerobic) bouts.

"We didn't discriminate on the kind of activity we tracked, it could be anything from power walking to climbing the stairs, but could also include structured exercise such as running, occupational labour or even vigorously cleaning the house," said Dr Ahmadi, National Heart Foundation postdoctoral research fellow at the Charles Perkins Centre, University of Sydney.

While observational, the findings of the study support the authors original hypothesis, which is the idea -- based on previous research -- that people living with diabetes or obesity, who are already glucose intolerant in the late evening, may be able to offset some of that intolerance and associated complications, by doing physical activity in the evening.

The researchers used data from UK Biobank and included 29,836 adults aged over 40 years of age living with obesity, of whom 2,995 participants were also diagnosed with Type 2 diabetes.

Participants were categorised into morning, afternoon of evening MVPA based on when they undertook the majority of their aerobic MVPA as measured by a wrist accelerometer worn continuously for 24 hours a day over 7 days at study onset.

The team then linked health data (from the National Health Services and National Records of Scotland) to follow participants health trajectory for 7.9 years. Over this period they recorded 1,425 deaths, 3,980 cardiovascular events and 2,162 microvascular disfunction events.




To limit bias, the researchers accounted for differences such as age, sex, smoking, alcohol intake, fruit and vegetable consumption, sedentary time, total MVPA, education, medication use and sleep duration. They also excluded participants with pre-existing cardiovascular disease and cancer.

The researchers say the length of the study follow-up and additional sensitivity analysis bolster the strength of their findings however, due to the observational design, they cannot completely rule out potential reverse causation. This is the possibility that some participants had lower aerobic MVPA levels due to underlying or undiagnosed disease.

Professor Emmanuel Stamatakis, Director of the Mackenzie Wearables Research Hub at the Charles Perkins Centre and senior author on the paper, said the sophistication of studies in the wearables field is providing huge insights into the patterns of activity that are most beneficial for health.

"It is a really exciting time for researchers in this field and practitioners alike, as wearable device-captured data allow us to examine physical activity patterns at a very high resolution and accurately translate findings into advice that could play an important role in health care," said Professor Stamatakis.

"While we need to do further research to establish causal links, this study suggests that the timing of physical activity could be an important part of the recommendations for future obesity and Type 2 diabetes management, and preventive healthcare in general."
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Mechanism of action of the hepatitis B and D virus cell entry inhibitor bulevirtide deciphered | ScienceDaily
Over 12 million people worldwide suffer from a chronic infection with the hepatitis D virus. This most severe viral liver disease is associated with a high risk of dying from liver cirrhosis and liver cancer. It is caused by the hepatitis D virus (HDV), which uses the surface proteins of the hepatitis B virus (HBV) as a vehicle to specifically enter liver cells via a protein in the cell membrane -- the bile salt transporter protein NTCP. This cell entry can be prevented by the active agent bulevirtide, which is approved as a drug under the name Hepcludex. An international research team has now succeeded in deciphering the molecular structure of bulevirtide in complex with the HBV/HDV receptor NTCP at the molecular level. The research results published in the journal Nature Communications pave the way for more targeted and effective treatments for millions of people chronically infected with HBV/HDV.


						
The entry inhibitor bulevirtide is the first and currently only approved drug (under the drug name Hepcludex) for the treatment of chronic infections with the hepatitis D virus. The active agent effectively inhibits the replication of hepatitis D viruses and leads to a significant improvement in liver function. However, the exact mechanism by which bulevirtide interacts with the virus entry receptor on the surface of the liver cells -- the bile salt transporter protein NTCP (short for: sodium taurocholate cotransporting polypeptide) -- and thereby inhibits the entry of the viruses into the cells was previously unknown.

In order to understand the molecular interaction of bulevirtide and NTCP at the molecular level, the researchers first generated an antibody fragment that specifically recognises the NTCP-bulevirtide complex and makes it accessible for analysis when bound to nanoparticles. This complex was then analysed using cryo-electron microscopy, which allowed to visualise structural details with atomic resolution. The research results represent a milestone in understanding both the interaction of HBV and HDV with their cellular entry receptor NTCP and the mechanism of cell receptor blockade by bulevirtide.

How bulevirtide blocks the cell entry receptor NTCP

The analysis showed that bulevirtide forms three functional domains in the interaction with the HBV/HDV receptor NTCP: a myristoyl group that interacts with the cell membrane on the outside of the cell; an essential core sequence ('plug') that fits precisely into the bile salt transport tunnel of the NTCP like the bit of a key into a lock; and an amino acid chain that stretches across the extracellular surface of the receptor, enclosing it like a brace.

"The formation of a 'plug' in the transport tunnel and the associated inactivation of the bile salt transporter is so far unique among all known virus-receptor complexes. This structure explains why the physiological function of the NTCP is inhibited when patients are treated with bulevirtide," says Prof Stephan Urban, DZIF Professor of Translational Virology and Deputy Coordinator of the DZIF research area Hepatitis, in whose laboratory at Heidelberg University the active agent bulevirtide was developed.

"Thanks to the structural details of the interaction with bulevirtide, we have also gained insights that enable the development of smaller active agents -- so-called peptidomimetics -- with improved pharmacological properties. Our structural analysis also lays the foundation for the development of drugs that are not only based on peptides and possibly enable oral administration," adds the co-author of the study, Prof Joachim Geyer from the Institute of Pharmacology and Toxicology at Justus Liebig University Giessen.




Evolutionary adaptation of hepatitis B viruses to host species

The structural analysis also helped to decode an important factor in the species specificity of hepatitis B and D viruses. According to the findings of the analysis, the amino acid at position 158 of the NTCP amino acid chain plays an essential role in virus-receptor interaction. A change in the amino acid at this position prevents the binding of HBV/HDV. This explains why certain Old World monkeys, such as macaques, cannot be infected by HBV/HDV.

"Our findings enable a deeper understanding of the evolutionary adaptation of human and animal hepatitis B viruses to their hosts and also provide an important molecular basis for the development of new and targeted drugs," adds co-author Prof Dieter Glebe, DZIF scientist at the Institute of Medical Virology at Justus Liebig University Giessen.

"Our research results are an important step in the fight against hepatitis D and B. By understanding the structure of bulevirtide and its binding to NTCP, we can potentially develop more targeted and effective treatments for millions of people chronically infected with HBV/HDV," says Prof. Kaspar Locher, last author of the publication and head of the structural biology team at ETH Zurich, summarising the study results.
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New insight into combating drug-resistant prostate cancer | ScienceDaily
New research from the University of Eastern Finland sheds light on the significance of the glucocorticoid receptor in drug-resistant prostate cancer, showing that the development of drug resistance could be prevented by limiting the activity of coregulator proteins.


						
Glucocorticoids regulate vital biological processes by affecting gene encoding through a DNA-binding transcription factor, namely the glucocorticoid receptor. The activity of the glucocorticoid receptor is made extensive use of in medicine because glucocorticoids have a strong anti-inflammatory effect. For this reason, synthetic glucocorticoids are one of the most prescribed drugs in the world. They are used to treat inflammatory diseases, such as rheumatoid arthritis, and as adjuvant therapy for cancer patients to alleviate the side effects of cancer therapy. In blood cancer, glucocorticoids are important drugs that limit the growth of cancer cells.

However, recent studies have shown that the glucocorticoid receptor also has an oncogenic, or cancer-promoting, effect in cancers like breast and prostate cancer. In prostate cancer, the glucocorticoid receptor can replace the activity of the androgen receptor, which is main oncogenic factor in this cancer, when its activity is inhibited by drug therapy. Thus, glucocorticoids help prostate cancer develop resistance to drug therapy.

"Due to these drug resistance and cancer-promoting effects, it is important to study how the glucocorticoid receptor functions on the cellular and molecular level in cancer," Academy Research Fellow, Docent Ville Paakinaho of the University of Eastern Finland notes.

The Paakinaho Lab has published two recent genome-wide deep sequencing studies on the subject. The first, published in Nucleic Acids Research, explored how the glucocorticoid receptor replaces the androgen receptor on the molecular level.

"This study showed that the glucocorticoid receptor can only use regulatory regions that are already active in prostate cancer cells," says Doctoral Researcher Laura Helminen of the University of Eastern Finland.

In other words, glucocorticoid receptor-mediated drug resistance emerges through these regulatory regions, and by affecting the activity of these areas, the harmful effects of glucocorticoids in prostate cancer could be prevented. Bioinformatics analyses indicated the pioneer transcription factor FOXA1 as one possible target. FOXA1 is known to have cancer-promoting properties, which is why the researchers assumed that inhibiting its activity would limit the development of glucocorticoid receptor-mediated drug-resistant prostate cancer. Surprisingly however, the effect was exactly the opposite: inhibiting the activity of FOXA1 further increased the activity of the glucocorticoid receptor -- and the development of drug resistance.




This is because FOXA1 was found to be involved in the silencing of the glucocorticoid receptor gene, and this is what increased its activity when FOXA1 was inhibited.

"Research often reveals the unexpected, and that's part of its charm," Paakinaho says.

The activity of the glucocorticoid receptor in regulatory regions can, however, be influenced in drug-resistant prostate cancer through an alternative pathway. Coregulator proteins were identified as an alternative target through which the glucocorticoid receptor affects the regulation of gene expression. These proteins include EP300 and CREBBP. Several pharmaceutical companies are developing small-molecule inhibitors targeting these proteins, and some are already being studied in patients.

In another study by the Paakinaho Lab, the researchers explored ways to inhibit glucocorticoid receptor-mediated effects by inhibiting coregulator proteins. These findings were reported in Cellular and Molecular Life Sciences.

"Silencing the EP300 and CREBBP proteins with a small-molecule inhibitor clearly prevented the activity of the glucocorticoid receptor in prostate cancer cells," Project Researcher Jasmin Huttunen of the University of Eastern Finland says.

This allowed the growth of drug-resistant prostate cancer cells to be inhibited. Furthermore, the researchers found that silencing EP300 and CREBBP also effectively inhibited the activity of the androgen receptor especially in prostate cancer cells that have an amplification of the androgen receptor gene. This amplification is found in up to half of patients with advanced prostate cancer.

Surprisingly, the EP300 and CREBBP inhibitor also inhibited the activity of FOXA1, while still preserving its ability to silence the expression of the glucocorticoid receptor gene. By using the EP300 and CREBBP inhibitor, it was possible to block the activity of FOXA1 without the development of glucocorticoid receptor-mediated drug resistance. Ultimately, inhibiting the activity of both the androgen and the glucocorticoid receptor was found to be primarily due to the limitation of FOXA1 activity. The study suggests that treatment targeting coregulator proteins could also be effective in untreated prostate cancer.

The studies were funded by the Research Council of Finland, the Sigrid Juselius Foundation, and the Cancer Foundation Finland.
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A promising target for new RNA therapeutics now accessible | ScienceDaily
Only recently, a new era in medicine began with the first RNA vaccines. These active substances are modified RNAs that trigger immune responses of the human immune system. Another approach in RNA medicine targets the body's own RNA and its protein modulators by specifically tailored active substances. Peng Wu, research group leader at the Chemical Genomics Centre at the Max Planck Institute of Molecular Physiology in Dortmund, and colleagues, have now developed the first small-molecule inhibitors against the RNA-modifying enzyme METTL16. The methyltransferase is responsible for the regulation of different RNAs and is a promising anti-cancer target. The new findings lay the foundation for a comprehensive investigation of the role of METTL16 in health and disease and are a step closer towards the development of therapeutic agents targeting such RNA modifiers.


						
RNA has long been considered only as a passive messenger in the cell, produced by DNA transcription to transfer genetic information to the protein factories, the ribosomes. However, it has turned out, that RNA does much more than that. In addition to the coding DNA just described, there is also non-coding DNA controlling many cellular processes by regulating the activity of genes at many levels. No less than a dozen RNA classes have been identified nowadays. RNAi for example, is used by the cell to degrade particular RNA targets to silence genes, when it comes to fighting foreign viral DNA.

Readers, writers, and erasers

RNA interacts with a plethora of biomolecules, not only other RNAs or DNA but also proteins and metabolites. The resulting regulatory complexes control diverse vital cellular processes and errors can cause diseases. RNA's fate is determined by chemical modifications that affect its stability, structure and interactions and thereby its fate. More than 170 distinct RNA modifications have been described so far. The most abundant is the methylation on the N6-position of the RNA-nucleotide adenosine (m6A). It allows the cell to quickly respond to environmental changes by initiating appropriate cellular responses, such as division, differentiation or migration. This is why RNA-methylation needs to be tightly controlled, taken care of by a set of proteins: "writers" deposit, "readers" recognize and "erasers" remove the methyl group.

New substance prevents writing to RNA 

Aberrant RNA methylation has been associated with cancers and other human diseases, making "writers" an attractive therapeutic target. Only a handful of RNA m6A writers have been identified so far. And only for one of them, METTL3, potent inhibitors have been reported. These molecules prevent the writer from absorbing the ink, the biomolecule S-adenosyl methionine (SAM). The group of Peng Wu has now identified the first inhibitor of the writer METTL16. However, in contrast to the before-mentioned inhibitors, it showed a different mode of action: it prevents the interaction of METTL16 with RNA. The scientists were able to identify this new type of inhibitor by developing an assay evaluating the disruption between METTL16 and a fluorophore-labeled mRNA substrate.

"Certain cancer cells have elevated writer levels and are also more vulnerable to reduction of SAM levels, which makes them promising anticancer targets. However, the exact biological consequences of METTL16's binding to RNA substrates are not yet clearly determined. With our work, we lay the foundation for a better investigation of the role of METTL16 in disease and health, but also for the development of novel RNA-targeting therapeutics," says Peng Wu.
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Obese and overweight children at risk of iron deficiency | ScienceDaily
Children and young people who are overweight or obese are at significantly higher risk of iron deficiency, according to a study by nutritional scientists at the University of Leeds.


						
Researchers from the School of Food Science and Nutrition examined thousands of medical studies from 44 countries involving people under the age of 25 where levels of iron and other vitamins and minerals had been recorded alongside weight.

They found that iron deficiency was associated with both underweight and overweight children and adolescents.

By contrast, zinc and vitamin A deficiencies were only observed in children who were undernourished, leading researchers to conclude that iron deficiency in overweight children is probably due to inflammation disrupting the mechanisms that regulate iron absorption.

The results of the research which was funded by the UK Biotechnology and Biological Sciences Research Council are published today (10 May 2024) in the journal BMJ Global Health.

Iron deficiency in children has a negative effect on brain function, including attention, concentration and memory, and can increase the risk of conditions, such as autism and ADHD.

It is already recognised as a problem in adults living with obesity, but this research is the first to look at the association in children.




Lead author Xiaomian Tan, a Doctoral Researcher in the University of Leeds' School of Food Science and Nutrition said: "The relationship between undernutrition and critical micronutrients for childhood growth and development is well established, but less is known about the risk of deficiencies in iron, vitamin A and zinc in children and adolescents who are overweight or obese, making this a hidden form of malnutrition.

"Our research is hugely important given the high prevalence of obesity in children. We hope it will lead to increased recognition of the problem by healthcare practitioners and improvements in clinical practice and care."

Hidden hunger

Historically the problem has been linked to malnutrition and is a particular concern for lower- and middle-income countries where hunger may be the leading cause of mortality for young children.

Increasingly though it is being recognised that vitamin and mineral deficiencies can also occur in people who are overweight and obese and who have a nutrient-poor but energy-dense diet, something which has been described as 'hidden hunger'.

In high-income countries it is associated with ultra-processed foods that are high in fat, sugar, salt, and energy but in lower- and middle-income countries obesity is often associated with poverty and monotonous diets with limited choices of staples such as corn, wheat, rice, and potatoes.




Many developing countries are now facing a double burden of malnutrition alongside overnutrition due to the rapid increase in the global prevalence of obesity in recent decades, especially in children aged between five and 19.

Undernutrition versus overnutrition

The research also highlights differences in focus between higher income countries and developing nations, with most studies in Africa and Asia focusing on undernutrition and those from North America and Europe focusing entirely on overnutrition.

The researchers say this is particularly concerning as both Africa and Asia are experiencing the highest double burden of malnutrition due to economic growth and the transition to a western-style high-sugar, high-fat diet.

Between the years 2000 and 2017, the number of overweight children under the age of five in Africa increased from 6.6 to 9.7 million, and in Asia that figure rose from 13.9 to 17.5 million. At the same time, there was an increase in the number of stunted children under 5, from 50.6 to 58.7 million in Africa.

Research supervisor Bernadette Moore, Professor of Nutritional Sciences in Leeds' School of Food Science and Nutrition, said: "These stark figures underscore the fact that the investigation of micronutrient deficiencies in relation to the double burden of malnutrition remains critically important for child health.

"By the age of 11 here in the UK, one in three children are living with overweight or obesity, and our data suggests that even in overweight children inflammation leading to iron deficiency can be an issue.

"Iron status may be the canary in the coalmine, but the real issue is that prolonged inflammation leads to heart disease, diabetes and fatty liver."

Increasing physical activity and improving diet have been shown to reduce inflammation and improve iron status in children and the researchers are now calling for further studies into the effectiveness of these interventions.

They also believe that more research is needed into micronutrient deficiencies and the double burden of malnutrition and overnutrition in countries where there are currently gaps in data.
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AI makes retinal imaging 100 times faster, compared to manual method | ScienceDaily
Researchers at the National Institutes of Health applied artificial intelligence (AI) to a technique that produces high-resolution images of cells in the eye. They report that with AI, imaging is 100 times faster and improves image contrast 3.5-fold. The advance, they say, will provide researchers with a better tool to evaluate age-related macular degeneration (AMD) and other retinal diseases.


						
"Artificial intelligence helps overcome a key limitation of imaging cells in the retina, which is time," said Johnny Tam, Ph.D., who leads the Clinical and Translational Imaging Section at NIH's National Eye Institute.

Tam is developing a technology called adaptive optics (AO) to improve imaging devices based on optical coherence tomography (OCT). Like ultrasound, OCT is noninvasive, quick, painless, and standard equipment in most eye clinics.

Imaging RPE cells with AO-OCT comes with new challenges, including a phenomenon called speckle. Speckle interferes with AO-OCT the way clouds interfere with aerial photography. At any given moment, parts of the image may be obscured. Managing speckle is somewhat similar to managing cloud cover. Researchers repeatedly image cells over a long period of time. As time passes, the speckle shifts, which allows different parts of the cells to become visible. The scientists then undertake the laborious and time-consuming task of piecing together many images to create an image of the RPE cells that's speckle-free.

Tam and his team developed a novel AI-based method called parallel discriminator generative adverbial network (P-GAN) -- a deep learning algorithm. By feeding the P-GAN network nearly 6,000 manually analyzed AO-OCT-acquired images of human RPE, each paired with its corresponding speckled original, the team trained the network to identify and recover speckle-obscured cellular features.

When tested on new images, P-GAN successfully de-speckled the RPE images, recovering cellular details. With one image capture, it generated results comparable to the manual method, which required the acquisition and averaging of 120 images. With a variety of objective performance metrics that assess things like cell shape and structure, P-GAN outperformed other AI techniques. Vineeta Das, Ph.D., a postdoctoral fellow in the Clinical and Translational Imaging Section at NEI, estimates that P-GAN reduced imaging acquisition and processing time by about 100-fold. P-GAN also yielded greater contrast, about 3.5 greater than before.

"Adaptive optics takes OCT-based imaging to the next level," said Tam. "It's like moving from a balcony seat to a front row seat to image the retina. With AO, we can reveal 3D retinal structures at cellular-scale resolution, enabling us to zoom in on very early signs of disease."

While adding AO to OCT provides a much better view of cells, processing AO-OCT images after they've been captured takes much longer than OCT without AO.




Tam's latest work targets the retinal pigment epithelium (RPE), a layer of tissue behind the light-sensing retina that supports the metabolically active retinal neurons, including the photoreceptors. The retina lines the back of the eye and captures, processes, and converts the light that enters the front of the eye into signals that it then transmits through the optic nerve to the brain. Scientists are interested in the RPE because many diseases of the retina occur when the RPE breaks down.

By integrating AI with AO-OCT, Tam believes that a major obstacle for routine clinical imaging using AO-OCT has been overcome, especially for diseases that affect the RPE, which has traditionally been difficult to image.

"Our results suggest that AI can fundamentally change how images are captured," said Tam. "Our P-GAN artificial intelligence will make AO imaging more accessible for routine clinical applications and for studies aimed at understanding the structure, function, and pathophysiology of blinding retinal diseases. Thinking about AI as a part of the overall imaging system, as opposed to a tool that is only applied after images have been captured, is a paradigm shift for the field of AI."
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Impact of aldehydes on DNA damage and aging | ScienceDaily
A team of researchers at Nagoya University in Japan has discovered that aldehydes are metabolic byproducts associated with premature aging. Published in Nature Cell Biology, their findings reveal insights into premature aging diseases and potential strategies to combat aging in healthy individuals such as controlling exposure to aldehyde-inducing substances including alcohol, pollution, and smoke.


						
A person's health can be harmed by aldehydes. However, the group's findings suggest these detrimental effects also include aging. The team who made this discovery included Yasuyoshi Oka, Yuka Nakazawa, Mayuko Shimada, and Tomoo Ogi of Nagoya University.

"DNA damage is linked with aging phenotypes," said Oka. "However, for the first time, we propose a relationship between aldehyde-derived DNA damage and premature aging."

The researchers hypothesized that there might be a link between aldehydes and aging since individuals with premature aging disorders, like AMeD syndrome, exhibit inadequate activity of enzymes, like ALDH2, that break down aldehydes.

For healthy individuals, ALDH2 is also important in our response to alcohol. When a person drinks wine or beer, the liver metabolizes the alcohol into aldehydes so it can be eliminated from the body. The activity of ALDH2 is important for converting the aldehydes into a non-toxic substance.

Aldehydes are harmful because they are highly reactive with DNA and proteins. In the body, they form DNA-protein crosslinks (DPCs) that block important enzymes in typical cell proliferation and maintenance processes, causing these processes to malfunction and the patient to age.

Focusing on DPCs caused by aldehyde, the scientists used a method called DPC-seq to investigate the link between aldehyde accumulation and DNA damage in premature-aging disease patients. In a series of experiments, the researchers discovered that the TCR complex, VCP/p97, and the proteasome are involved in the removal of formaldehyde-induced DPCs in actively transcribed regions. This was confirmed by a mouse model lacking both aldehyde clearance processes and the TCR pathway that showed worse AMeD syndrome symptoms.




These processes are important because they are related to the clearance of aldehydes. It suggests an association between premature aging diseases and aldehyde accumulation.

Professor Ogi is hopeful about the implications of their findings, stating: "By elucidating the mechanism by which DNA damage heals quickly, we have revealed part of the cause of genetic premature aging."

"Our research opens up new avenues for understanding the underlying mechanisms of premature aging diseases and offers potential targets for therapeutic intervention," Oka said. "By elucidating the role of aldehydes in DNA damage and aging, we are paving the way for future studies aimed at developing novel treatments and interventions."

He continued: "The development of therapeutic drugs has not progressed because we have not fully understood the causes of AMeD syndrome and Cockayne syndrome. This study suggests that the patient's pathological condition is related to DPC derived from aldehydes generated within cells. These results are expected to help in the search for compounds that remove aldehydes, thus aiding in the formulation of therapeutic drug candidates."

This research has implications that extend beyond genetic diseases, as their findings suggest that aldehyde-induced DNA damage may play a role in the aging process in healthy individuals too. By pinpointing aldehydes as substances that contribute to aging, this study sheds light on the intricate connection between environmental factors and cellular aging. This may have significant implications for human health and lifespan.
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Scientists identify pro-aging 'sugar signature' in the blood of people living with HIV | ScienceDaily
The Wistar Institute's associate professor Mohamed Abdel-Mohsen, Ph.D., along with his team and collaborators, has identified sugar abnormalities in the blood that may promote biological aging and inflammation in people living with HIV (PLWH). The findings, taken from a large data study comprising more than 1200 participants, are detailed in the new paper, "Immunoglobulin G N-glycan Markers of Accelerated Biological Aging During Chronic HIV Infection," published in the journal Nature Communications.


						
Despite advances in HIV treatment, notably the success of antiretroviral therapy (ART) in suppressing the virus to undetectable levels, HIV remains incurable, with the virus persisting in a dormant state within the body. This chronic presence is linked to long-term health issues, including persistent inflammation and a higher prevalence of aging-related diseases such as cancer and neurocognitive disorders. These conditions tend to occur more frequently and at an earlier age in PLWH compared to the general population.

Abdel-Mohsen seeks to understand how chronic viral infection causes this accelerated biological aging, which refers to the body aging faster than one's chronological years would typically indicate. By understanding the molecular mechanisms behind accelerated biological aging in people living with chronic viral infections, scientists can begin to formulate strategies to mitigate the negative effects.

While many factors in the body can contribute to accelerated biological aging, researchers focused on a novel factor: abnormalities of the human glycome -- the totality of the various sugar structures circulating throughout the body. Previous studies have established a connection between aging and shifts in the glycan composition of immunoglobulins (IgGs), which are critical for immune regulation. As people age, their IgGs lose anti-inflammatory properties and gain pro-inflammatory characteristics.

Abdel-Mohsen's research investigates whether living with a chronic viral infection, such as HIV infection, exacerbates these changes, leading to premature aging and related diseases.

By comparing glycan profiles in more than 1200 individuals, both with and without HIV, the team discovered that PLWH exhibit elevated levels of inflammatory and pro-aging IgG glycan signatures. In a remarkable step forward, the team developed a machine-learning model that uses these glycan signatures to estimate the biological age of PLWH and assess the rate of aging acceleration. This glycan signature also has the potential to predict the onset of comorbid conditions in PLWH, such as cancer, years in advance.

To confirm that these glycan-associated disruptions were causal rather than merely correlative, the research team engineered HIV-specific antibodies designed to exhibit the same kind of aberrant IgG glycan modifications observed in PLWH. Testing these glycoengineered antibodies in vitro confirmed that the modified antibodies were less effective at mounting an immune response than their unmodified counterparts, suggesting that these sugar abnormalities might directly contribute to the worse clinical outcomes observed. Importantly, when they designed these antibodies to have glycans similar to those found in biologically younger individuals, these antibodies demonstrated a remarkable ability to enhance the immune system's ability to fight virus-infected cells.

"Utilizing glycan signatures to predict early onset of diseases in people living with HIV marks a pivotal shift towards proactive healthcare," said Abdel-Mohsen. "This could significantly alter clinical outcomes, allowing for timely interventions and personalized treatment plans. The impact on treatment and management in the HIV community could be revolutionary. Beyond biomarkers, antibodies glycoengineered to mimic biologically younger glycans offer a new therapeutic avenue. This method could enhance immune responses, paving the way for innovative treatments."
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Revascularization enhances quality of life for patients with chronic limb threatening ischemia | ScienceDaily
Study reveals diminished quality of life among patients with chronic limb-threatening ischemia, a severe form of peripheral artery disease, and emphasizes the benefits of revascularization on wellbeing


						
Over 200 million people around the world experience peripheral artery disease (PAD) -- a condition caused by the narrowing of the blood vessels from the heart to the lower limbs that leads to pain when walking -- and for roughly 1-in-10 this advances to chronic limb-threatening ischemia (CLTI), an advanced form of PAD. Those with CLTI often suffer severe pain even at rest, caused by fatty plaque buildup obstructing blood flow, typically to the leg or foot. Those with CLTI face elevated risks of amputation, cardiovascular disease and premature death, yet research on the condition's impact on quality of life remains limited.

Investigators from both of Mass General Brigham's founding members, Brigham and Women's Hospital (BWH) and Massachusetts General Hospital (MGH), as well as Boston Medical Center (BMC), sought to address this problem. Following their previous study highlighting the clinical results of the BEST-CLI trial -- Best Endovascular versus Best Surgical Therapy for Patients with Critical Limb Ischemia -- published in the New England Journal of Medicine (NEJM), the team assessed patient health-related quality of life before and after revascularization treatment. Results are published in Circulation.

"Our study indicates that patients with CLTI have a notably poor quality of life -- substantially lower than with many other chronic conditions," said Matthew Menard, MD, co-director of the Endovascular Surgery Program at BWH and co-principal investigator of BEST-CLI. "Our findings show that revascularization, which restores sufficient blood flow back into the legs, significantly improves quality of life. This confirms the critical role that revascularization plays not just in extending the length of patients' lives but also its importance in optimizing their wellbeing."

Among patients with CLTI, those eligible for surgical treatment often have two options: surgical bypass (Bypass), where surgeons restore blood and oxygen to the lower limb by reconstructing the blocked vessel, or endovascular therapy (Endo), which involves placing a stent or catheter inside an artery and opening it up to bring blood flow through a blockage.

Funded by the National Heart, Lung, and Blood Institute, with ongoing post-enrollment support from theNovo Nordisk Foundation, the BEST-CLI trial enrolled over 1,800 patients with CLTI from 150 research sites in the U.S., Canada, Finland, Italy, and New Zealand between August of 2014 and October of 2019. Investigators assessed how clinical outcomes (previously reported in NEJM) and quality of life metrics varied between revascularization techniques.

"Medicine is generally moving towards a more patient-centric model of care. That means looking at what's best for each patient, taking into account an evidence-based approach. Quality of life is one important element in this determination," said co-principal investigator Kenneth Rosenfield, MD, head of the Section of Vascular Medicine and Intervention in the Division of Cardiology at MGH.




Investigators sorted 1,528 participants into two cohorts. The first cohort was made up of 1,193 patients, all of whom had an available, good-quality, single-segment great saphenous vein (SSGSV), which previous studies have shown is optimal for Bypass. The second cohort was made up of 335 patients who did not have an available SSGSV. Patients in both cohorts were randomized to undergo Bypass or Endo procedures. Researchers assessed quality of life by administering voluntary surveys asking participants about pain levels, activities of daily living, disease symptoms and severity, physical activity, and mental health (anxiety and depression). Surveys were collected at baseline, 30 days post-procedure, at three months, 12 months, then once yearly until the end of the study.

"Patient-reported outcome measures are essential to our understanding of the patient experience," said co-principal investigator Alik Farber, MD, MBA, interim chair of the Department of Surgery, chief of the Division of Vascular and Endovascular Surgery at BMC and professor of Surgery and Radiology at Boston University Chobanian & Avedisian School of Medicine. "Yet these metrics are not often used and sometimes ignored. Here we found an opportunity to hear our patients' voices and use them to improve CLTI outcomes."

While the trial's previously published clinical outcomes revealed that patients treated with Bypass had fewer major amputations and less need for repeat procedures than those treated with Endo, quality of life did not significantly differ between treatments. Survey results instead revealed that participants generally experienced significant improvements in quality of life after treatment, regardless of their cohort or whether they underwent Bypass or Endo. They further highlighted that patients with CLTI overwhelmingly conveyed that their quality of life was low upon entering the trial, before receiving treatment.

This study is limited in that patients filled out quality-of-life questionnaires at distinct periods throughout the trial, but these time points did not necessarily line up with significant health events such as additional revascularization procedures or amputations. Further, there remains a dearth of quality-of-life research for patients with PAD, and there are no specific metrics to assess the quality of life for patients with PAD or CLTI.

Going forward, the team aims to assess differences in the cost-effectiveness of these procedures, and how cost, among other factors, affects patient quality of life and overall health outcomes.

"The next step is to integrate quality-of-life measures into a more sophisticated care plan to account for the clinical status of the patient and the cost-effectiveness of treatment options, both for the patient and the viability of the healthcare system," said Farber.
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A new screening protocol can detect aggressive prostate cancers more selectively | ScienceDaily
A large randomized trial conducted at Tampere University and the University of Helsinki shows that a new three-step prostate cancer screening method can find a considerable number of aggressive cancers. Population-level screening programmes have not been launched in most countries including Finland.


						
The ProScreen trial coordinated by Tampere University and the University of Helsinki investigated the performance of a three-step prostate cancer screening method. The aim was to analyse whether the new method would efficiently reduce mortality while decreasing the major adverse effect of previous screening methods: the overdiagnosing of insignificant prostate cancers.

Some prostate cancers are clinically insignificant because they do not become symptomatic even when left untreated. Such cancers are frequently detected at autopsy. Thus, treating cancer with a good prognosis does not bring benefits, but the treatment itself can still harm the patients' quality of life.

The screening method used in the ProScreen study includes two blood tests and, if necessary, magnetic resonance imaging (MRI) of the prostate. The previously studied screening method has only been based on one blood test, the prostate-specific antigen test (PSA).

In the ProScreen study, both blood tests were positive in 7% of the participants and they were invited to an MRI of the prostate. In about half of these men, a suspicious area was detected by MRI and a prostate biopsy was taken.

Cancer was eventually found in about 2% of the participants. Clinically insignificant cancers were diagnosed in four in a thousand men.

"We have previously demonstrated that PSA screening can decrease prostate cancer mortality to some extent. However, PSA screening produces so many unnecessary cancer diagnoses that the harms outweigh the benefits. The new results show that the three-step method now used produces fewer insignificant cancer diagnoses than PSA screening," says Professor of Epidemiology Anssi Auvinen from Tampere University.




Diagnosing cancer with a good prognosis is not beneficial

Some prostate cancers are clinically insignificant, i.e. they will not progress to the symptomatic stage or cause any harm. The co-lead investigator of the project, Professor of Urology Antti Rannikko from the University of Helsinki, points out that the detection of such latent cancers does not bring any benefits and that they should not even be diagnosed.

"The vast majority of tumours found with the previous PSA screenings are low-risk cases that are likely to represent overdiagnosis. Most of them do not progress to the symptomatic stage even when left untreated. If a prostate cancer with a good prognosis is diagnosed, the primary treatment is always active surveillance," Rannikko says.

Local prostate cancer is usually treated surgically or with radiation therapy. The common side effects of treatment include erectile dysfunction, urinary incontinence, and bowel symptoms.

The main goal of screening is to reduce cancer mortality

The study included more than 60,000 men aged 50 -- 63 years who were randomly allocated for either the three-step screening or a control group without intervention.




The study continues and the study population will expand to also include the neighbouring municipalities of Tampere and Helsinki. Men who have already participated will be invited to a new screening after 2 -- 6 years based on the outcomes of their first screening.

No population-level screening programme has been launched in Finland or in most other European countries but there is a health policy debate on the topic.

According to the researchers, only preliminary evidence of the benefits of the new screening model is available so far. However, the results seem to indicate that major benefits could potentially be achieved in the future. The benefits can only be estimated after a 10-year follow up when the effects on prostate cancer mortality have been analysed.

"The aim of cancer screening is always to reduce mortality. The main criterion for decisions on cancer screening should always be the reduction of mortality to be gained," Auvinen says.

"The ProScreen study, due to its large size and randomised design, can produce the research evidence needed to justify screening decisions," he adds. There is currently no reliable research data on the benefits and harms of MRI screening.

The study was carried out by a large team of researchers, including radiologists, pathologists, urologists, and experts from other fields at Tampere University and Tampere University Hospital (TAYS), as well as the University of Helsinki and Helsinki University Hospital (HUS). The cooperation partners included the local laboratory networks and Lund University.

The study was supported by Cancer Foundation Finland, Research Council of Finland, Jane and Aatos Erkko Foundation, Paivikki and Sakari Sohlberg Foundation and state research funding administered by the Pirkanmaa wellbeing county.

The research article was published in the JAMA -- Journal of the American Medical Association.

Prostate cancer is the most common cancer in men.
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Research uncovers differences between men and women in sleep, circadian rhythms and metabolism | ScienceDaily
A new review of research evidence has explored the key differences in how women and men sleep, variations in their body clocks, and how this affects their metabolism.


						
Published in Sleep Medicine Reviews, the paper highlights the crucial role sex plays in understanding these factors and suggests a person's biological sex should be considered when treating sleep, circadian rhythm and metabolic disorders.

Differences in sleep

The review found women rate their sleep quality lower than men's and report more fluctuations in their quality of sleep, corresponding to changes throughout the menstrual cycle.

"Lower sleep quality is associated with anxiety and depressive disorders, which are twice as common in women as in men," says Dr Sarah L. Chellappa from the University of Southampton and senior author of the paper. "Women are also more likely than men to be diagnosed with insomnia, although the reasons are not entirely clear. Recognising and comprehending sex differences in sleep and circadian rhythms is essential for tailoring approaches and treatment strategies for sleep disorders and associated mental health conditions."

The paper's authors also found women have a 25 to 50 per cent higher likelihood of developing restless legs syndrome and are up to four times as likely to develop sleep-related eating disorder, where people eat repeatedly during the night.

Meanwhile, men are three times more likely to be diagnosed with obstructive sleep apnoea (OSA). OSA manifests differently in women and men, which might explain this disparity. OSA is associated with a heightened risk of heart failure in women, but not men.




Sleep lab studies found women sleep more than men, spending around 8 minutes longer in non-REM (Rapid Eye Movement) sleep, where brain activity slows down. While the time we spend in NREM declines with age, this decline is more substantial in older men. Women also entered REM sleep, characterised by high levels of brain activity and vivid dreaming, earlier than men.

Variations in body clocks

The team of all women researchers from the University of Southampton in the UK, and Stanford University and Harvard University in the United States, found differences between the sexes are also present in our circadian rhythms.

They found melatonin, a hormone that helps with the timing of circadian rhythms and sleep, is secreted earlier in women than men. Core body temperature, which is at its highest before sleep and its lowest a few hours before waking, follows a similar pattern, reaching its peak earlier in women than in men.

Corresponding to these findings, other studies suggest women's intrinsic circadian periods are shorter than men's by around six minutes.

Dr Renske Lok from Stanford University, who led the review, says: "While this difference may be small, it is significant. The misalignment between the central body clock and the sleep/wake cycle is approximately five times larger in women than in men. Imagine if someone's watch was consistently running six minutes faster or slower. Over the course of days, weeks, and months, this difference can lead to a noticeable misalignment between the internal clock and external cues, such as light and darkness.




"Disruptions in circadian rhythms have been linked to various health problems, including sleep disorders, mood disorders and impaired cognitive function. Even minor differences in circadian periods can have significant implications for overall health and well-being."

Men tend to be later chronotypes, preferring to go to bed and wake up later than women. This may lead to social jet lag, where their circadian rhythm doesn't align with social demands, like work. They also have less consistent rest-activity schedules than women on a day-to-day basis.

Impact on metabolism

The research team also investigated if the global increase in obesity might be partially related to people not getting enough sleep -- with 30 per cent of 30- to 64-year-olds sleeping less than six hours a night in the United States, with similar numbers in Europe.

There were big differences between how women's and men's brains responded to pictures of food after sleep deprivation. Brain networks associated with cognitive (decision making) and affective (emotional) processes were twice as active in women than in men. Another study found women had a 1.5 times higher activation in the limbic region (involved in emotion processing, memory formation, and behavioural regulation) in response to images of sweet food compared to men.

Despite this difference in brain activity, men tend to overeat more than women in response to sleep loss. Another study found more fragmented sleep, taking longer to get to sleep, and spending more time in bed trying to get to sleep were only associated with more hunger in men.

Both women and men nightshift workers are more likely to develop type 2 diabetes, but this risk is higher in men. Sixty-six per cent of women nightshift workers experienced emotional eating and another study suggests they are around 1.5 times more likely to be overweight or obese compared to women working day shifts.

The researchers also found emerging evidence on how women and men respond differently to treatments for sleep and circadian disorders. For example, weight loss was more successful in treating women with OSA than men, while women prescribed zolpidem (an insomnia medication) may require a lower dosage than men to avoid lingering sleepiness the next morning.

Dr Chellappa added: "Most of sleep and circadian interventions are a newly emerging field with limited research on sex differences. As we understand more about how women and men sleep, differences in their circadian rhythms and how these affect their metabolism, we can move towards more precise and personalised healthcare which enhances the likelihood of positive outcomes."

The research was funded by the Alexander Von Humboldt Foundation, the US Department of Defense and the National Institute of Health.
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The evolving attitudes of Gen X toward evolution | ScienceDaily
As the centennial of the Scopes Monkey Trial of 1925 approaches, a new study illustrates that the attitudes of Americans in Generation X toward evolution shifted as they aged.


						
The study, led by Jon D. Miller, research scientist emeritus in the Institute for Social Research at the University of Michigan, found that while students in middle and high school tended to express uncertain attitudes toward evolution, those attitudes solidified as they graduated high school, went to college and entered the workforce.

"Some may challenge whether the evolution issue is still of relevance and consider it to be a harmless curiosity," Miller said. "U.S. science and technology continue to prosper, although a substantial minority of American adults reject the idea that humans developed from earlier species of animals.

"However, we believe that there are numerous examples of public policy over recent decades when an understanding of basic biological constructs would have helped inform public and political debate on those issues."

The study, published in the journal Public Understanding of Science, used data collected from about 5,000 participants born in the center of Generation X, 1971-1974, over the course of 33 years, from middle school to midlife.

"Research on attitudes toward science typically uses a single survey or a series of surveys of different participants," Miller said. "Using the three-decade record from the Longitudinal Study of American Life enables our study to investigate how attitudes develop and shift over formative decades in the same individuals."

Middle school and high school students displayed a good deal of uncertainty about evolution, with a third having no attitude about evolution and 44% saying that the statement "human beings as we know them developed from earlier species of animals" was probably true or probably false, reflecting a degree of uncertainty about the issue.




During the 15 years after high school, 28% of these Generation X young adults concluded that evolution was definitely true and 27% thought that evolution was definitely false, according to co-author Mark Ackerman, a professor at Michigan Engineering, the U-M School of Information and Michigan Medicine.

"These results demonstrate the impact of postsecondary education, initial career experiences and the polarization of the political system in the United States," Ackerman said.

During the next 15 years (from their early 30s to their late 40s), these Generation X LSAL participants reported a small increase in the proportion of individuals seeing evolution as definitely true (30% in 2020) and a small decrease in the proportion seeing evolution as definitely false (23% in 2020). These results reflect the stabilization of the lives of LSAL respondents, with substantial numbers entering a career of their choice, starting a family and becoming more engaged with their community.

The study investigated the factors that were associated with the participants' attitudes toward evolution at three points during the study. As in a previous study by the same researchers, factors involving education tended to be strong predictors of the acceptance of evolution, while factors involving fundamentalist religious beliefs tended to be strong predictors of the rejection of evolution.

The experience of college-level science courses, the completion of baccalaureate or more advanced degrees, and the development of civic scientific literacy were strong predictors of increased acceptance of evolution.

"Our analysis of a unique longitudinal dataset allowed us to explore the development of attitudes toward a scientific topic in unprecedented detail," Miller said. "And understanding the public's attitudes toward evolution is of particular importance, since evolution is going to continue to be central to biological literacy and -- scientific literacy -- in the 21st century."

Besides Miller and Ackerman of the University of Michigan, authors included Belen Laspra and Carmelo Polino of the University of Oviedo (Spain), Glenn Branch of the National Center for Science Education, and Robert Pennock of Michigan State University.
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Brain stimulation treatment may improve depression, anxiety in older adults | ScienceDaily
A noninvasive brain stimulation treatment improved depression and anxiety symptoms among older adults in a new University of Florida-led study.


						
Improvements in depression and anxiety symptoms were greatest among patients who reported higher symptom levels before treatment. Among participants who experienced moderate to severe state anxiety -- or anxiety associated with stressful situations or events -- the treatment benefits persisted at a one-year followup.

The findings, published in the journal Brain Stimulation, suggest the treatment, known as transcranial direct current stimulation, or tDCS, holds promise as a noninvasive, drug-free option to treat depression and anxiety symptoms, which affect 1 in 4 older adults.

"Depression and anxiety can impact our overall mental health, cognitive function and ability to function independently as we age," said the study's senior author Adam Woods, Ph.D., the associate dean for research and a professor of clinical and health psychology at the UF College of Public Health and Health Professions and co-director of UF's Center for Cognitive Aging and Memory Clinical Translational Research. "Often, front-line treatments involve medication and/or therapy, which can both be effective. However, there is also a pressing need for accessible and noninvasive options that can be deployed in people who are either nonresponsive to pharmaceutical treatment, unable to access or participate in clinic-based intensive treatment programs, or for a variety of other reasons."

Treatment benefits in the UF-led study were seen among participants with subclinical depression and anxiety, meaning their symptoms may not meet the criteria for diagnosis. Yet, even subclinical depression and anxiety can be associated with cognitive decline in older adults, the researchers say.

The tDCS treatment is delivered by a safe and weak electrical current passed through electrodes placed on a person's head. Researchers targeted the prefrontal cortex, an area of the brain associated with cognition and emotion regulation.

The new study was conducted as part of the National Institute on Aging-funded Augmenting Clinical Training in Older Adults Study, the largest study of its kind with older adults participating at UF and University of Arizona study sites. Nearly 400 older adults were randomly assigned to one of two groups: 12 weeks of tDCS paired with cognitive training designed to improve working memory and processing speed, or 12 weeks of cognitive training paired with a placebo version of tDCS.




Investigators also collected a wealth of data from cognitive, functional and neuroimaging tests as well as self-report measures of psychological symptoms, including depression and anxiety.

After controlling for factors such as prescription drugs that may impact depression and anxiety symptoms, the study team found that participants who received the tDCS treatment had significant improvements in mild depression and moderate to severe state anxiety, compared with the group that did not receive tDCS.

"Extensive research has demonstrated the efficacy of active stimulation to this area of the brain in reducing psychological symptoms in individuals with diagnosed psychiatric disorders," said Hanna Hausman, the study's lead author and a UF PHHP clinical psychology Ph.D. student in neuropsychology. "It was an unexpected yet welcome surprise to witness similar effects in our sample of older adults without significant psychiatric histories, especially on a large scale. Demonstrating this therapeutic effect is important because even subclinical depression and anxiety symptoms in older adults are associated with adverse outcomes."

Next steps for this research should include a phase 3 randomized clinical trial designed to assess the effect of tDCS and cognitive training on anxiety among a large and diverse group of older adults, the investigators say. The Korea Food and Drug Administration has approved tDCS as an at-home treatment for depression for adults in South Korea, and with additional study, it could become an accessible and easy-to-use treatment in the U.S. once sufficient evidence is available for U.S. Food and Drug Administration approval.

"tDCS treatment is cost-effective, portable and can be seamlessly integrated with existing mental health therapies or used as a standalone intervention," Hausman said. "Its potential for at-home self-administration would further expand accessibility and reduce personnel costs, making it a promising intervention for individuals who may experience barriers accessing face-to-face clinical care."
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Respiratory allergies: Newly discovered molecule plays a major role in triggering inflammation | ScienceDaily
One of the molecules responsible for triggering the inflammation that causes allergic respiratory diseases, such as asthma and allergic rhinitis, has just been discovered by scientists from the CNRS, Inserm and the Universite Toulouse III -- Paul Sabatier. This molecule, from the alarmin family, represents a therapeutic target of major interest for the treatment of allergic diseases. The study, co-directed by Corinne Cayrol and Jean-Philippe Girard, is published in the Journal of Experimental Medicine on 10 April.


						
The inflammation process plays a crucial role in allergic respiratory diseases, such as asthma and allergic rhinitis. Although the pulmonary epithelium, the carpet of cells that forms the inner surface of the lungs, is recognised as a major player in the respiratory inflammation that causes these diseases, the underlying mechanisms are still poorly understood.

A research team has identified one of the molecules responsible for triggering these allergic reactions, in a study co-led by two CNRS and Inserm scientists working at l'Institut de pharmacologie et de biologie structural (CNRS/Universite Toulouse III -- Paul Sabatier). This molecule from the alarmin family, named TL1A, is released by lung epithelium cells a few minutes after exposure to a mould-type allergen. It cooperates with another alarmin, interleukin-33, to alert the immune system. This double alarm signal stimulates the activity of immune cells, triggering a cascade of reactions responsible for allergic inflammation.

Alarmins, therefore, constitute major therapeutic targets for the treatment of respiratory allergic diseases. In a few years' time, treatments based on antibodies blocking the TL1A alarmin could benefit patients suffering from severe asthma or other allergic diseases. In France, at least 17 million people are affected by allergic diseaseswith the most severe forms of asthma being responsible for several hundred deaths every year.
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AI-assisted breast-cancer screening may reduce unnecessary testing | ScienceDaily
Using artificial intelligence (AI) to supplement radiologists' evaluations of mammograms may improve breast-cancer screening by reducing false positives without missing cases of cancer, according to a study by researchers at Washington University School of Medicine in St. Louis and Whiterabbit.ai, a Silicon Valley-based technology startup.


						
The researchers developed an algorithm that identified normal mammograms with very high sensitivity. They then ran a simulation on patient data to see what would have happened if all of the very low-risk mammograms had been taken off radiologists' plates, freeing the doctors to concentrate on the more questionable scans. The simulation revealed that fewer people would have been called back for additional testing but that the same number of cancer cases would have been detected.

"False positives are when you call a patient back for additional testing, and it turns out to be benign," explained senior author Richard L. Wahl, MD, a professor of radiology at Washington University's Mallinckrodt Institute of Radiology (MIR) and a professor of radiation oncology. "That causes a lot of unnecessary anxiety for patients and consumes medical resources. This simulation study showed that very low-risk mammograms can be reliably identified by AI to reduce false positives and improve workflows."

The study is published April 10 in the journal Radiology: Artificial Intelligence.

Wahl previously collaborated with Whiterabbit.ai on an algorithm to help radiologists judge breast density on mammograms to identify people who could benefit from additional or alternative screening. That algorithm received clearance from the Food and Drug Administration (FDA) in 2020 and is now marketed by Whiterabbit.ai as WRDensity.

In this study, Wahl and colleagues at Whiterabbit.ai worked together to develop a way to rule out cancer using AI to evaluate mammograms. They trained the AI model on 123,248 2D digital mammograms (containing 6,161 showing cancer) that were largely collected and read by Washington University radiologists. Then, they validated and tested the AI model on three independent sets of mammograms, two from institutions in the U.S. and one in the United Kingdom.

First, the researchers figured out what the doctors did: how many patients were called back for secondary screening and biopsies; the results of those tests; and the final determination in each case. Then, they applied AI to the datasets to see what would have been different if AI had been used to remove negative mammograms in the initial assessments and physicians had followed standard diagnostic procedures to evaluate the rest.

For example, consider the largest dataset, which contained 11,592 mammograms. When scaled to 10,000 mammograms (to make the math simpler for the purposes of the simulation), AI identified 34.9% as negative. If those 3,485 negative mammograms had been removed from the workload, radiologists would have made 897 callbacks for diagnostic exams, a reduction of 23.7% from the 1,159 they made in reality. At the next step, 190 people would have been called in a second time for biopsies, a reduction of 6.9% from the 200 in reality. At the end of the process, both the AI rule-out and real-world standard-of-care approaches identified the same 55 cancers. In other words, this study of AI suggests that out of 10,000 people who underwent initial mammograms, 262 could have avoided diagnostic exams, and 10 could have avoided biopsies, without any cancer cases being missed.

"At the end of the day, we believe in a world where the doctor is the superhero who finds cancer and helps patients navigate their journey ahead," said co-author Jason Su, co-founder and chief technology officer at Whiterabbit.ai. "The way AI systems can help is by being in a supporting role. By accurately assessing the negatives, it can help remove the hay from the haystack so doctors can find the needle more easily. This study demonstrates that AI can potentially be highly accurate in identifying negative exams. More importantly, the results showed that automating the detection of negatives may also lead to a tremendous benefit in the reduction of false positives without changing the cancer detection rate."
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Connecting lab-grown brain cells provides insight into how our own brains work | ScienceDaily
The idea of growing a functioning human brain-like tissues in a dish has always sounded pretty far-fetched, even to researchers in the field. Towards the future goal, a Japanese and French research team has developed a technique for connecting lab-grown brain-mimicking tissue in a way that resembles circuits in our brain.


						
It is challenging to study exact mechanisms of the brain development and functions. Animal studies are limited by differences between species in brain structure and function, and brain cells grown in the lab tend to lack the characteristic connections of cells in the human brain. What's more, researchers are increasingly realizing that these interregional connections, and the circuits that they create, are important for many of the brain functions that define us as humans.

Previous studies have tried to create brain circuits under laboratory conditions, which have been advancing the field. Researchers from The University of Tokyo have recently found a way to create more physiological connections between lab-grown "neural organoids," an experimental model tissue in which human stem cells are grown into three-dimensional developmental brain-mimicking structures. The team did this by linking the organoids via axonal bundles, which is similar to how regions are connected in the living human brain.

"In single-neural organoids grown under laboratory conditions, the cells start to display relatively simple electrical activity," says co-lead author of the study Tomoya Duenki. "when we connected two neural organoids with axonal bundles, we were able to see how these bidirectional connections contributed to generating and synchronizing activity patterns between the organoids, showing some similarity to connections between two regions within the brain."

The cerebral organoids that were connected with axonal bundles showed more complex activity than single organoids or those connected using previous techniques. In addition, when the research team stimulated the axonal bundles using a technique known as optogenetics, the organoid activity was altered accordingly and the organoids were affected by these changes for some time, in a process known as plasticity.

"These findings suggest that axonal bundle connections are important for developing complex networks," explains Yoshiho Ikeuchi, senior author of the study. "Notably, complex brain networks are responsible for many profound functions, such as language, attention, and emotion."

Given that alterations in brain networks have been associated with various neurological and psychiatric conditions, a better understanding of brain networks is important. The ability to study lab-grown human neural circuits will improve our knowledge of how these networks form and change over time in different situations, and may lead to improved treatments for these conditions.
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Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials | ScienceDaily
In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.


						
The researchers from The University of Manchester describe a force-controlled release system that harnesses natural forces to trigger targeted release of molecules, which could significantly advance medical treatment and smart materials.

The discovery, published today in the journal Nature, uses a novel technique using a type of interlocked molecule known as rotaxane. Under the influence of mechanical force -- such as that observed at an injured or damaged site -- this component triggers the release of functional molecules, like medicines or healing agents, to precisely target the area in need. For example, the site of a tumour.

It also holds promise for self-healing materials that can repair themselves in situ when damaged, prolonging the lifespan of these materials. For example, a scratch on a phone screen.

Guillaume De Bo, Professor of Organic Chemistry at The University of Manchester, said: "Forces are ubiquitous in nature and play pivotal roles in various processes. Our aim was to exploit these forces for transformative applications, particularly in material durability and drug delivery.

"Although this is only a proof-of-concept design, we believe that our rotaxane-based approach holds immense potential with far reaching applications -- we're on the brink of some truly remarkable advancements in healthcare and technology."

Traditionally, the controlled release of molecules with force has presented challenges in releasing more than one molecule at once, usually operating through a molecular "tug of war" game where two polymers pull at either side to release a single molecule.




The new approach involves two polymer chains attached to a central ring-like structure that slide along an axle supporting the cargo, effectively releasing multiple cargo molecules in response to force application. The scientists demonstrated the release of up to five molecules simultaneously with the possibility of releasing more, overcoming previous limitations.

The breakthrough marks the first time scientists have been able to demonstrate the ability to release more than one component, making it one of the most efficient release systems to date.

The researchers also show versatility of the model by using different types of molecules, including drug compounds, fluorescent markers, catalyst and monomers, revealing the potential for a wealth of future applications.

Looking ahead, the researchers aim to delve deeper into self-healing applications, exploring whether two different types of molecules can be released at the same time. For example, the integration of monomers and catalysts could enable polymerization at the site of damage, creating an integrated self-healing system within materials.

They will also look to expand the sort of molecules that can be released.

Prof De Bo said: "We've barely scratched the surface of what this technology can achieve. The possibilities are limitless, and we're excited to explore further."
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Can the bias in algorithms help us see our own? | ScienceDaily
Algorithms were supposed to make our lives easier and fairer: help us find the best job applicants, help judges impartially assess the risks of bail and bond decisions, and ensure that healthcare is delivered to the patients with the greatest need. By now, though, we know that algorithms can be just as biased as the human decision-makers they inform and replace.


						
What if that weren't a bad thing?

New research by Carey Morewedge, a Boston University Questrom School of Business professor of marketing and Everett W. Lord Distinguished Faculty Scholar, found that people recognize more of their biases in algorithms' decisions than they do in their own -- even when those decisions are the same. The research, publishing in the Proceedings of the National Academy of Sciences, suggests ways that awareness might help human decision-makers recognize and correct for their biases.

"A social problem is that algorithms learn and, at scale, roll out biases in the human decisions on which they were trained," says Morewedge, who also chairs Questrom's marketing department. For example: In 2015, Amazon tested (and soon scrapped) an algorithm to help its hiring managers filter through job applicants. They found that the program boosted resumes it perceived to come from male applicants, and downgraded those from female applicants, a clear case of gender bias.

But that same year, just 39 percent of Amazon's workforce were women. If the algorithm had been trained on Amazon's existing hiring data, it's no wonder it prioritized male applicants -- Amazon already was. If its algorithm had a gender bias, "it's because Amazon's managers were biased in their hiring decisions," Morewedge says.

"Algorithms can codify and amplify human bias, but algorithms also reveal structural biases in our society," he says. "Many biases cannot be observed at an individual level. It's hard to prove bias, for instance, in a single hiring decision. But when we add up decisions within and across persons, as we do when building algorithms, it can reveal structural biases in our systems and organizations."

Morewedge and his collaborators -- Begum Celiktutan and Romain Cadario, both at Erasmus University in the Netherlands -- devised a series of experiments designed to tease out people's social biases (including racism, sexism, and ageism). The team then compared research participants' recognition of how those biases colored their own decisions versus decisions made by an algorithm. In the experiments, participants sometimes saw the decisions of real algorithms. But there was a catch: other times, the decisions attributed to algorithms were actually the participants' choices, in disguise.




Across the board, participants were more likely to see bias in the decisions they thought came from algorithms than in their own decisions. Participants also saw as much bias in the decisions of algorithms as they did in the decisions of other people. (People generally better recognize bias in others than in themselves, a phenomenon called the bias blind spot.) Participants were also more likely to correct for bias in those decisions after the fact, a crucial step for minimizing bias in the future.

Algorithms Remove the Bias Blind Spot

The researchers ran sets of participants, more than 6,000 in total, through nine experiments. In the first, participants rated a set of Airbnb listings, which included a few pieces of information about each listing: its average star rating (on a scale of 1 to 5) and the host's name. The researchers assigned these fictional listings to hosts with names that were "distinctively African American or white," based on previous research identifying racial bias, according to the paper. The participants rated how likely they were to rent each listing.

In the second half of the experiment, participants were told about a research finding that explained how the host's race might bias the ratings. Then, the researchers showed participants a set of ratings and asked them to assess (on a scale of 1 to 7) how likely it was that bias had influenced the ratings.

Participants saw either their own rating reflected back to them, their own rating under the guise of an algorithm's, their own rating under the guise of someone else's, or an actual algorithm rating based on their preferences.

The researchers repeated this setup several times, testing for race, gender, age, and attractiveness bias in the profiles of Lyft drivers and Airbnb hosts. Each time, the results were consistent. Participants who thought they saw an algorithm's ratings or someone else's ratings (whether or not they actually were) were more likely to perceive bias in the results.




Morewedge attributes this to the different evidence we use to assess bias in others and bias in ourselves. Since we have insight into our own thought process, he says, we're more likely to trace back through our thinking and decide that it wasn't biased, perhaps driven by some other factor that went into our decisions. When analyzing the decisions of other people, however, all we have to judge is the outcome.

"Let's say you're organizing a panel of speakers for an event," Morewedge says. "If all those speakers are men, you might say that the outcome wasn't the result of gender bias because you weren't even thinking about gender when you invited these speakers. But if you were attending this event and saw a panel of all-male speakers, you're more likely to conclude that there was gender bias in the selection."

Indeed, in one of their experiments, the researchers found that participants who were more prone to this bias blind spot were also more likely to see bias in decisions attributed to algorithms or others than in their own decisions. In another experiment, they discovered that people more easily saw their own decisions influenced by factors that were fairly neutral or reasonable, such as an Airbnb host's star rating, compared to a prejudicial bias, such as race -- perhaps because admitting to preferring a five-star rental isn't as threatening to one's sense of self or how others might view us, Morewedge suggests.

Algorithms as Mirrors: Seeing and Correcting Human Bias

In the researchers' final experiment, they gave participants a chance to correct bias in either their ratings or the ratings of an algorithm (real or not). People were more likely to correct the algorithm's decisions, which reduced the actual bias in its ratings.

This is the crucial step for Morewedge and his colleagues, he says. For anyone motivated to reduce bias, being able to see it is the first step. Their research presents evidence that algorithms can be used as mirrors -- a way to identify bias even when people can't see it in themselves.

"Right now, I think the literature on algorithmic bias is bleak," Morewedge says. "A lot of it says that we need to develop statistical methods to reduce prejudice in algorithms. But part of the problem is that prejudice comes from people. We should work to make algorithms better, but we should also work to make ourselves less biased.

"What's exciting about this work is that it shows that algorithms can codify or amplify human bias, but algorithms can also be tools to help people better see their own biases and correct them," he says. "Algorithms are a double-edged sword. They can be a tool that amplifies our worst tendencies. And algorithms can be a tool that can help better ourselves."
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The genomic architecture of inherited DNA variants | ScienceDaily
You have your mother's eyes and your father's smile, but genetics is much more than just what's on the surface. In a study that spans more than a decade, researchers at Baylor College of Medicine have looked at generations of families in a specific population to reveal the role newly inherited DNA variants play on recessive disease traits, and in the process, they have created a population specific database revealing unique DNA information unseen in larger cohorts.


						
The findings, now published in Genetics in Medicine OPEN, revealed a correlation between occurrences of complex genetic disorders in those families with increased levels of consanguinity when compared to unaffected populations. Consanguinity is when both parents contribute similar genetic markers to an offspring, such as by sharing a common ancestor, and the genetic information from both the genome inherited from the father and that from the mother are identical.

"We observed that the areas on the chromosome known as ROH, regions of homozygosity, were longer in those individuals in which there was a higher degree of parental consanguinity when compared to those with less," said Dr. Zeynep Coban-Akdemir, postdoctoral associate in molecular and human genetics at Baylor and currently assistant professor at UTHealth School of Public Health as well as co-lead author on the study. "We can see what is happening when consanguinity is at play and also when new genetic variations are introduced into the family unit of the clan or tribe representing more distant ancestors."

Dr. Xiaofei Song, a former Baylor graduate student now working as an assistant professor at Moffitt Cancer Center, said, "We further applied a statistical method to systematically assess the impact of these genetic variations on disease. Our results indicate that the newly introduced genetic variations can better explain the clinical features observed in our patients." Song also is co-lead author on the study.

"The published study contributes to the field of both rare disease and population genomics. From a trainee perspective, the article provides a valuable resource for comprehending fundamental concepts of human genetics and applying diverse computational methods to elucidate these concepts," said Ph.D candidate Tugce Bozkurt-Yozgatli, with the Acibadem University in Istanbul, Turkey.

Coban-Akdemir, who worked in the Lupski Lab at Baylor where the research was conducted, says this is an important part of the findings because it reveals how genes act within different populations and clans to contribute to different recessive genetic disorders.

The population studied was a cohort of individuals originating from Turkey that is known to have different variations in genetic markers when compared to other populations from greater Europe. Researchers created and analyzed a database of variants derived from exome sequencing, a genomics assay providing a glimpse into genetic variation genomewide, of 773 unrelated volunteers who were affected with various suspected rare Mendelian disease traits, which are diseases caused by a mutation in a single gene and clearly passed down from one generation to the next in accordance with Gregor Mendel expectations. They were compared to another database created by the same researchers of 643 unaffected relatives.




Roughly half of the genetic variants in this Turkish group are not present in greater European control populations that are found in shared databases commonly used by genetic researchers.

"This group of Turkish individuals and families gives us insight into genetics that the average population doesn't provide. What we found in this Turkish population is very unique. Not only is this group underrepresented in larger databases, but it shows us that they have an enriched genetic variation that is only seen within this population when compared to European populations," Coban-Akdemir said.

Dr. Davut Pehlivan, assistant professor of pediatrics -- neurology at Baylor, said on a single individual there are around 40 million Watson-Crick base pair variations within our DNA.

"The Human Genome Project opened the doors for researchers to investigate entire genomic DNA complement using next-generation sequencing technology. However, more struggles appeared with these advancements. For example, it is hard to pinpoint which variant is causing disease among 40 million variations of our DNA. Studying healthy populations helps us to eliminate many of these common variations from consideration. Thus, we studied both patients and their healthy relatives in the Turkish population." Pehlivan said. "There are a lot of changes in the genome, and we don't fully understand the meaning of all of those details, but the data from this population study will help all investigators around the world who are trying to interpret the results of other variants in the human genome DNA."

Pehlivan described gathering the information and families wanting to participate in genomics research beginning in 2010, traveling long distances to rural areas where the patients were mostly located, a human interest story itself, to make sure the database and clinical information would show an accurate representation for these families.

"We discovered more than 200 genes that contributed to the existing body of disease gene associations. This will help us get closer to understanding, in this population and in others, what is causing these diseases and the human biological perturbation underlying a broad scope of diseases. Our studies will open new avenues of research in human biology and genome biology and eventually help to potentially bring nucleic acid treatments, something used to develop the COVID vaccine, to the patients and families" Pehlivan said.

"This team of researchers is not just helping the population that they studied, but their findings also can be applied to many populations. We all are very different individuals on this planet, yet our genes act very similarly, and we all share a common humanity. So, understanding how genetic disorders work helps us to support affected families across the globe," said Dr. James R. Lupski, the Cullen Foundation Endowed Chair in Genetics and Genomics at Baylor.

In the past, Coban-Akdemir and Dr. Claudia M.B Carvalho, previously with Baylor and currently in her own laboratory at the Pacific Northwest Research Institute (PNRI) in Seattle who also contributed to this study, have worked on studying variants of genes to identify causes of diseases through production of truncated or altered proteins that take on a new or different function. Their work also focused on databases of populations with and without genetic disease. Their current work reflects the importance of diversity and inclusion as work continues to reveal causes of genetic diseases.

This work was supported in part by the U.S. National Human Genome Research Institute /National Heart Lung and Blood Institute grant number UM1HG006542 to the Baylor Hopkins Center for Mendelian Genomics (BHCMG), the U.S. National Human Genome Research Institute U01HG011758 to the Baylor College of Medicine for the Genomics Research to Elucidate the Genetics of Rare Disease consortium (BCM-GREGoR), the National Institute of Neurological Disorders and Stroke Q22 (NINDS) R35NS105078, and the National Human Genome Research Institute U54-HG003273. J.E.P. was supported by NHGRI K08 HG008986.
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Beating back bitter taste in medicine | ScienceDaily
The bitter taste of certain drugs is a barrier to taking some medications as prescribed, especially for people who are particularly sensitive to bitter taste. Published in Clinical Therapeutics, a team from the Monell Chemical Senses Center found that the diabetes drug rosiglitazone could partially block the bitter taste of some especially bad-tasting medications. Rosiglitazone could be added in small doses to other medicines, to make them less bitter and taste better.


						
This result provided new information. "To our knowledge, there are no previous reports on the bitter-blocking effect of this diabetes drug," said first author Ha Nguyen, PhD, Monell Postdoctoral Fellow.Rosiglitizone was identified as a potential bitter blocker using tests of human cells from taste tissue, a method of screening developed by Monell and DiscoveryBiomed, Inc., now Eurofins.

The team conducted taste-testing experiments on research participants in the United States and Poland, and they found that adding rosiglitazone to the medicines reduced bitterness for many, but not all, research participants.

"People differ, and we need to test many types of people from different parts of the world to make sure that efforts to reduce bitterness and make medicines easier to take work well for all people," said senior author Danielle Reed, PhD, Monell Chief Science Officer.

These results suggest having more blockers to choose from will help entirely suppress the bitterness of many types of medicines for a wide range of populations and ancestries. Mixtures of several blockers may help attain a low-to-zero-bitterness standard for even the most bitter-tasting medicines.

"Although rosiglitazone was only partially effective as a bitter blocker in this study, modifying these drugs to improve potency, palatability, and efficacy may allow us to find a better version of this drug," said Nguyen. "Rosiglitazone is valuable as a bitter blocker because it is potentially effective in most people and is part of a class of drugs already approved worldwide for treating diabetes."

Next steps in this line of research include a similar study that measures bitter blocking in several hundred African and Asian immigrants to add to the diversity of participants' ancestries with regard to bitter taste.

This work was supported by the National Institutes of Health (R42 DC017693), the Monell Chemical Senses Center's Carol M. Christensen Postdoctoral Fellowship in Human Chemosensory Science Fund, and Monell Chemical Senses Center Institutional Funds.
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Cardiology team performs novel heart artery repair with newly approved device | ScienceDaily
UC Davis Health cardiology team members are among the first in the country to treat patients with tricuspid regurgitation, or a leaky heart valve, by using a groundbreaking catheter.


						
The minimally invasive procedure, a transcatheter edge-to-edge repair (TEER), is made possible with a new medical device called the Abbott TriClipTM system.

UC Davis Medical Center is one of the first sites nationwide to have commercial access to TriClip and is the first hospital in Western United States to utilize the system since it was approved by the U.S. Food and Drug Administration (FDA) last week. UC Davis also hosted clinical trials for the procedure in 2023.

"We are excited to offer our patients this novel treatment that offers meaningful improvement in quality of life without the high procedural risk often associated with tricuspid surgery," said Gagan D. Singh, associate professor of cardiovascular medicine and the surgeon who performed the first procedure at UC Davis Medical Center.

Tricuspid regurgitation is a condition in which the tricuspid valve of the heart fails to close completely. This can allow blood to leak backward into the atrium from the tricuspid valve, causing the patient's heart to pump harder to move blood through the valve.

Tricuspid regurgitation affects an estimated 1.6 million Americans. Symptoms include active pulsing in the neck veins, enlarged liver, fatigue and swelling throughout the body.

Current nonsurgical treatments include diuretics (medicines that help remove excess fluid and salt) and drugs aimed at easing symptoms. Left untreated, tricuspid regurgitation can lead to atrial fibrillation, heart failure, kidney disease and even death.




"Severe tricuspid regurgitation is a debilitating condition that is associated with substantial morbidity," said Jason H. Rogers, professor of cardiovascular medicine. "Patients with tricuspid regurgitation are extremely high risk for any type of surgical intervention, so historically they have just been monitored and treated with diuretics."

Tricuspid transcatheter edge-to-edge repair procedure

The human heart has four valves, and if any of them leak, there is no universal way to repair them. For example, the mitral valve can be repaired with a catheter-based system. But the same catheter can't be used on the tricuspid valve due to the valve's its location, thinness and variability.

The new system is designed specifically for the tricuspid valve's position, location and shape. With the patient under general anesthesia, the device is delivered to the heart through a catheter, starting in the groin and guided by X-ray and ultrasound. Once in place, the clip brings together portions of the leaflets (flaps of the valve), improving the seal and reducing the leaking.

The device was tested for its safety and clinical efficacy as part of the TRILUMINATE Pivotal trial. UC Davis Health was one of the sites with the highest enrollment rates in the national trial.

"This minimally invasive approach allows the heart to pump blood more efficiently and relieve symptoms of tricuspid regurgitation," said Rogers, who will be performing additional tricuspid TEER procedures.

A leader in transcatheter edge-to-edge repair

UC Davis Health has been a leader in transcatheter edge-to-edge repair for nearly two decades. In addition to the transcatheter tricuspid valve repair procedure, the medical center's cardiac services offer several minimally invasive catheter-based mitral valve procedures.

"Being one of the first centers in the country to offer commercial availability of the TriClip system is a true honor and a testament to the outstanding team-based approach to patient care at UC Davis Health," added Singh. "The UC Davis Structural Heart Team is among the best and most comprehensive in the nation. Our mission of providing complete, efficient and high-quality care to the patients we care for is what drives us to lead the field."
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Nasal spray safely treats recurrent abnormal heart rhythms, clinical trial suggests | ScienceDaily
A clinical trial led by Weill Cornell Medicine investigators showed that a nasal spray that patients administer at home, without a physician, successfully and safely treated recurrent episodes of a condition that causes rapid abnormal heart rhythms. The study, published March 25 inthe Journal of the American College of Cardiology, provides real-world evidence that a wide range of patients can safely and effectively use the experimental drug, called etripamil, to treat recurrent paroxysmal supraventricular tachycardia (PSVT) episodes at home, potentially sparing them the need for repeated hospital trips for more invasive treatments.


						
The study is the latest in a series of studies by lead author Dr. James Ip, professor of clinical medicine at Weill Cornell Medicine and a cardiologist at NewYork-Presbyterian/Weill Cornell Medical Center, and colleagues to demonstrate the potential of nasal spray calcium-channel blocker etripamil as an at-home treatment PSVT. Dr. Ip received compensation as a steering committee member for Milestone Pharmaceuticals, the maker of etripamil and sponsor of the trial.

Patients with PSVT experience sudden and recurrent rapid heart rhythms triggered by abnormal electrical activity in the upper chambers of the heart. Though the episodes are not commonly life-threatening, they can be frightening and cause shortness of breath, chest pain, dizziness or fainting and lead to frequent emergency department visits. Treatment for PSVT often requires hospitalization to receive intravenous medication. Some patients undergo a procedure called cardiac ablation, where the physician threads thin wires through their blood vessels to the heart and uses them to treat the short circuits the cause the abnormal normal heart rhythm.

Dr. Ip and colleagues previously showed that almost two-thirds of patients with PSVT who took one or more doses of the calcium channel blocker etripamil without a physician present experienced symptom relief on average in 17 minutes. The latest study builds on those findings, showing that etripamil is safe and effective under more real-world circumstances in a larger patient population, and could be safely used to treat multiple episodes of PSVT.

The new study enrolled 1116 patients at 148 sites in the United States, Canada and South America. It did not require a pretest dose supervised by a physician as the previous studies did. It also included patients with a history of atrial fibrillation or atrial flutter, who were excluded from the previous studies. Patients monitored their heart for one hour with a home electrocardiogram monitor after self-administering the first dose, took an additional dose if necessary, and were allowed to self-treat up to four PSVT episodes with etripamil. Two-thirds of the patients experienced relief within an hour, and the average time needed for symptom relief was 17 minutes. Mild, temporary nasal symptoms such as runny nose, nasal congestion or discomfort, and bloody nose were common after the first use of etripamil but became less common with subsequent use.
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Targeting RAS proteins may prevent relapse in Acute Myeloid Leukemia | ScienceDaily
Relapses in a common form of leukemia may be preventable following new research which has identified how the cancer develops resistance to first line treatments.


						
New research published in iScience by researchers from the University of Birmingham, the Institute of Cancer Research (ICR), Newcastle University, the Princess Maxima Centre of Pediatric oncology and the University of Virginia identified changes in a mutated form of acute myeloid leukemia (AML) samples from patients who relapsed after receiving FLT3 inhibitor treatment.

The team found that the resistant cancer had up-regulated multiple other signalling pathways to overcome the drug's action, and that the genetic change was able to be replicated in lab tests.

These experiments revealed that by targeting RAS family proteins, using a small molecule inhibitor developed from a chemical library screen using the paratope of an inhibitory intracellular antibody by Terry Rabbitts' team at the Weatherall Institute of Molecular Medicine University of Oxford and the ICR, increased signalling no longer rescued the cells from cell death.

The team identified that the transcription factors AP-1 and RUNX1 were at the heart of mediating drug resistance. The two factors cooperate and bind to their target genes together, but only in the presence of growth factor signalling. The drugs targeting FLT3 rewire the cell, resulting in the upregulation of other signalling pathway associated genes, which then restored AP-1 and RUNX1 binding. Drugging RAS, which is a key component in multiple signalling pathways, prevented this restoration of RUNX1 binding, and therefore signalling from growth factors no longer rescued the cancer cells from death.

Professor Constanze Bonifer from the Institute of Cancer and Genomic Sciences at the University of Birmingham, who has just taken up a position at the University of Melbourne, and is one of the senior authors of the paper said:

"The pharmaceutical industry had high hopes that drugs targeting aberrant growth factor receptors such as the FLT3-ITD would prevent people from relapse. However, cancer cells are smart, and rewire their growth control machinery to use other growth factors present in the body. Targeting RAS family members prevents the cancer from rewiring and using different signalling pathways to escape cell death."

Targeting RAS blocks rewiring




The small molecule inhibitors used to target RAS in this study were developed using intracellular antibody technology. This technology involves screening a large number of antibody fragments to identify those which bind to the target protein in cells and prevent their protein-protein interactions. Small molecule inhibitors are can be screened from chemical libraries that interact with the parts of the target protein where these antibody fragments bind (the paratope). Due to the unparalleled natural specificity of these antibody fragments, this technology (called Antibody derived or Abd technology) can be used to target difficult to drug proteins and identify new parts of the protein which can be targeted to prevent protein-protein interactions.

Professor Terry Rabbitts from the Institute of Cancer Research who developed these drugs said:

"The strength of the Antibody-derived technology approach is that intracellular antibodies can selected to essentially any protein. In turn, their specific binding sites can be employed to select chemical compounds for drug discovery against hard to drug proteins. Mutant RAS was considered undruggable, but the Abd technology facilitated the development of the RAS-binding compounds used in the current study of cancer cell re-wiring. Abd technology will allow development of a new generation of drugs to hard-to-drug and intrinsically disordered proteins."

AML with a FLT3-ITD mutation occurs in nearly 30% of all patients and is a highly aggressive disease with a poor prognosis. This genetic change causes the expression of a mutant growth factor receptor which is always active and therefore cancer cells expressing it grow uncontrollably. While inhibitors which specifically target the FLT3 protein are now in use in the clinic, patients treated with these inhibitors frequently relapse.

This work was funded by Leukaemia Research UK, the Medical Research Council, Blood Cancer Research UK, the Royal Society, the Wellcome and Cancer Research UK. The first author, Daniel Coleman is a John Goldman Fellow of Leukaemia UK.
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Machine learning method reveals chromosome locations in individual cell nucleus | ScienceDaily
Researchers from Carnegie Mellon University's School of Computer Science have made a significant advancement toward understanding how the human genome is organized inside a single cell. This knowledge is crucial for analyzing how DNA structure influences gene expression and disease processes.


						
In a paper published by the journal Nature Methods, Ray and Stephanie Lane Professor of Computational Biology Jian Ma and former Ph.D. students Kyle Xiong and Ruochi Zhang introduce scGHOST, a machine learning method that detects subcompartments -- a specific type of 3D genome feature in the cell nucleus -- and connects them to gene expression patterns.

In human cells, chromosomes aren't arranged linearly but are folded into 3D structures. Researchers are particularly interested in 3D genome subcompartments because they reveal where chromosomes are located spatially inside the nucleus.

"One of the ultimate goals of single-cell biology is to elucidate the connections between cellular structure and function across a wide variety of biological contexts," Ma said. "In this case, we are exploring how chromosome organization within the nucleus correlates with gene expression."

While new technologies allow the study of these structures at the single-cell level, poor data quality can hinder precise understanding. scGHOST addresses this problem by using graph-based machine learning to enhance the data, making it easier to pinpoint and identify how chromosomes are spatially organized. scGHOST builds upon the Higashi method Ma's research group previously developed.

With the ability to accurately identify 3D genome subcompartments, scGHOST adds to the growing array of single-cell analysis tools scientists use to delineate the intricate molecular landscape of complex tissues, such as those in the brain. Ma anticipates that scGHOST could open new avenues to understanding gene regulation in health and disease.
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New consensus statement aims to improve endometriosis evaluation | ScienceDaily
A new Society of Radiologists in Ultrasound (SRU) expert consensus statement to improve endometriosis evaluation was published today in the journal Radiology.


						
Endometriosis is a common condition with substantial diagnostic delay, leading patients to experience pain, infertility, lost wages and interrupted relationships.

The consensus provides recommendations for augmenting routine pelvic ultrasounds through additional maneuvers and imaging to improve diagnosis of deep endometriosis.

Endometriosis, the presence of endometrium-like tissue outside the uterus, is a prevalent and potentially debilitating condition. The condition is estimated to affect 10% of women of reproductive age and occurs in 21% of women undergoing hysterectomy with chronic pelvic pain. In the United States, there is an over seven-year delay between the onset of symptoms and a diagnosis of endometriosis.

Endometriosis is also associated with infertility and subfertility, affecting 20-50% of patients with these conditions. Deep endometriosis, extending to any depth beneath the peritoneal surface, is the most severe form of endometriosis.

Ultrasound is usually the first-line imaging modality used when patients report chronic pelvic pain or have issues of infertility, both common symptoms of endometriosis, but few centers in the U.S. utilize ultrasound to screen for deep endometriosis. Existing scan protocol limitations and lack of awareness lead to suboptimal detection of deep endometriosis on pelvic ultrasounds.

SRU convened a multidisciplinary panel of experts to make recommendations aimed at improving the screening process for endometriosis.




"The purpose of this consensus panel is to recommend methods that increase the diagnostic sensitivity for endometriosis on pelvic ultrasound by increasing awareness, improving interpretation, adding simple techniques that are high yield for deep endometriosis, and improving protocols to triage patients," said the statement's first author Scott W. Young, M.D., diagnostic radiology consultant, Division of Ultrasound, at the Mayo Clinic in Phoenix, Arizona.

The panel was composed of experts in the imaging and management of endometriosis, including radiologists, sonographers, gynecologists, reproductive endocrinologists, and minimally invasive gynecologic surgeons. A comprehensive literature review combined with a modified Delphi technique achieved a consensus.

"The statement defines the targeted screening population, describes techniques for augmenting pelvic ultrasound, establishes direct and indirect observations for endometriosis on ultrasound, creates an observational grading and reporting system and makes recommendations for additional imaging and patient management," Dr. Young said.

Panel recommendations include transvaginal ultrasound of the posterior compartment, observation of the relative positioning of the uterus and ovaries, and the uterine sliding sign maneuver to improve the detection of endometriosis.

"These additional techniques typically can be performed in less than five minutes and could ultimately decrease the delay of an endometriosis diagnosis in at-risk patients," Dr. Young said.

The panel also recommends that direct and indirect observations of deep endometriosis should be assessed during the exam, and results should be reported using four categories: Incomplete (APU-0), Normal (APU-1), Equivocal (APU-2) and Positive (APU-3) with associated management recommendations.

"The SRU consensus on routine pelvic ultrasound for endometriosis aims to enhance deep endometriosis detection even at an initial ultrasound and with minimal additional time during imaging and no special patient preparation," Dr. Young said. "Focusing imaging on anatomic regions where deep endometriosis is common can increase detection and decrease diagnostic delay."

Dr. Young noted that these guidelines are meant for symptomatic patients at typical risk for endometriosis. Patients at high risk because of prior diagnostic or therapeutic laparoscopy for endometriosis or strong clinical indications may benefit from proceeding directly to advanced endometriosis imaging, particularly if they are likely to undergo surgery or if monitoring is needed in the setting of infertility and medical treatment.

The authors advise that validation studies will be necessary to prove the accuracy of augmented pelvic ultrasound in widespread clinical application.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240409123951.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New technique sheds light on memory and learning | ScienceDaily
Less than twenty minutes after finishing this article, your brain will begin to store the information that you've just read in a coordinated burst of neuronal activity. Underpinning this process is a phenomenon known as dendritic translation, which involves an uptick in localized protein production within dendrites, the spiny branches that project off the neuron cell body and receive signals from other neurons at synapses. It's a process key to memory -- and its dysfunction is linked to intellectual disorders.


						
That makes the inner workings of dendritic translation a "holy grail for understanding memory formation," says Rockefeller's Robert B. Darnell, whose team just published a study in Nature Neuroscience describing a new platform capable of identifying the specific regulatory mechanisms that drive dendritic translation. The team leveraged a method, dubbed TurboID, to discover an entire suite of previously unknown factors in memory formation, revealing now mechanisms that underlie how protein synthesis in dendrites contributes to learning and memory. The findings may also have implications for intellectual disabilities, such as Fragile X syndrome.

"Technological limitations have long prevented a comprehensive inventory of the activity at the synapse involved in memory formation," says lead author Ezgi Hacisuleyman, who conducted the research as a postdoctoral researcher in Darnell's laboratory. She is now an assistant professor at The UF Scripps Institute. "Our new techniques can accomplish this with extremely high resolution to look at neurons in vitro that are closely mimicking what we see in the brain."

"Hacisuleyman's work defines a whole new biochemical pathway which fits with, complements, and vastly expands what we already knew about memory and learning," adds Darnell, the Robert and Harriet Heilbrunn professor.

A unique way to metabolize RNA

Memory formation centers around the hippocampus, a brain region so central to learning that, when surgeons removed it from people with epilepsy in the 1940s, the patients remembered their childhoods but lost the ability to form new memories. It has since become clear that memories form, in part, because of new protein synthesis made locally in the dendrites of the hippocampus.

Darnell, a physician-scientist, observed the importance of dendritic translation firsthand while working with patients whose immune systems had attacked the hippocampus. "I would talk to a patient for 30 minutes, leave the room, walk back in, and it was like they had never seen me before," he says. "That's when I began focusing on why neurons of the hippocampus have their own system for regulating RNA metabolism -- a system that no other cell in the body uses."

That system, it turns out, lies at the heart of how our brains form memories and learn new information, and became a focus for the Darnell lab, culminating in his team's 2003 development of CLIP, a method that allowed researchers to study the proteins that bind and influence RNA. But limitations remained. "Many details about how neurons respond to stimuli at the dendrites were still missing," Hacisuleyman says. "We needed that information, because that plays a role in determining how neurons function -- and where things often go awry in neurologic disease."




1,000 micropeptides

To get a better idea of the role that changes in dendrites play in learning, Hacisuleyman extended the TurboID platform to works in concert with RNA-sequencing, CLIP, translation and protein analysis. The platform allowed the team to track activity in dendrites before, during, and several minutes after the neuron activates, capturing the moments critical to protein synthesis in the cell and, more importantly, the stage considered key to memory formation.

An analysis of these crucial moments revealed a microscopic upheaval in the dendrite. Upon activation, local ribosomes jump onto mRNAs, an action that has all the biochemical hallmarks of memory formation, and which models predicted will cause the dendrite to produce not only new proteins, but 1,000 small proteins known as micropeptides, with as-yet unknown function. The team also identified an RNA-binding protein that helps seal the connection between these ribosomes and mRNA, and demonstrated that if that protein is disabled, the proposed micropeptides will not form.

"We never knew these micropeptides might even exist," Darnell says. "It opens a new field of study, where we can ask what these peptides might be doing and how they could play into memory formation. It's such a vast discovery that there are dozens if not hundreds of avenues in which to pursue this."

Among the many observations that researchers will unpack in future studies, one stood out: the team noted that a certain protein stood out for its prolific binding of mRNA in the dendrite. The protein, called FMRP, is key to brain development and function, and genetic mutations that adversely impact FMRP contribute to Fragile X syndrome, one of the most common genetic causes of intellectual disability. "Our findings fit nicely with the molecular biology of FMRP, and also open the door to future insights into what is going wrong in Fragile X," Darnell says.

Beyond the paper's immediate findings, dendritic-TurboID could also allow researchers to examine protein synthesis in other brain regions and apply the findings to different diseases. "We can now begin to look at many other sites with a fine-toothed comb," Hacisuleyman says.

"When you develop a new technique as Hacisuleyman did, you enter a room that nobody has ever been in before," Darnell adds. "The light turns on, and the findings just take your breath away."
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New atlas of mRNA variants captures inner workings of the brain | ScienceDaily
Investigators at Weill Cornell Medicine have assembled the most comprehensive atlas to date of messenger RNA (mRNA) variants in the mouse and human brain. The atlas is an important new resource in understanding brain development, neuron specialization and other brain functions.


						
RNA transcripts that are copied from DNA sequences carry the instructions for building proteins and show which genes are active in a particular cell. When a gene is copied into a raw RNA transcript, it usually can be processed in different ways to form distinct splice variants or isoforms; thus, a single gene may produce several different proteins. Although this complex layer of biology is thought to hold the keys to understanding many otherwise mysterious diseases -- especially in the brain -- detailing it has been a tremendous technical challenge.

In their study, published April 9 in Nature Neuroscience, the researchers used cutting-edge sequencing methods to record the mRNA isoforms present in the mouse and human brain -- in different brain regions, different cell types and different growth stages in the mice. They found that even within a given cell type, the isoforms for some genes varied considerably depending on where the cell resides and the stage of the brain's development.

"It's definitely a big step forward, allowing us now to examine processes in the brain in more detail," said study senior author Dr. Hagen Tilgner, associate professor of neuroscience in the Center for Neurogenetics of Weill Cornell Medicine's Feil Family Brain and Mind Research Institute.

The first author, Dr. Anoushka Joglekar, was a doctoral candidate who worked in the Tilgner lab during the study, and was co-mentored by Dr. Elizabeth Ross, Nathan E. Cumming Professor of Neurology and Neuroscience and director of the Center for Neurogenetics at Weill Cornell Medicine. Dr. Joglekar is now a postdoctoral researcher at the New York Genome Center, a research institute co-founded by 14 New York academic institutions including Weill Cornell Medicine.

The "Fine Print"

Isoform variation is part of the "fine print" of biology; thus, it is inherently hard to read. This is mainly because standard RNA-sequencing technology cannot reliably detect differences between mRNA isoforms. To address this issue, the researchers turned to more expensive and time-consuming "long read" sequencing, which still required significant data processing to achieve sufficient accuracy. They performed this massive undertaking in a manner that recorded each individual cell and the long read RNA sequences it produces. This allowed the researchers to identify isoforms from hundreds of thousands of individual mouse and human brain cells.




The resulting atlas, which builds on datasets from smaller studies by the same team in 2018 and 2021, will serve as a basic reference for neuroscientists studying normal and abnormal brain function and development. Already, the team's initial analyses of their data yielded some surprises that will be followed up in future investigations.

The researchers found, for example, that for many genes important in neuron-to-neuron signaling, the same cell type expressed different mRNA isoforms in different brain regions. Variation was even more pronounced during adolescence when many isoforms exhibited unexpected patterns of fluctuation.

"We saw that some of these isoforms get switched on and off all through development until they reach stability in adulthood," Dr. Joglekar said.

The team also observed that many of the genes with highly variable isoforms have been linked, in prior genetic studies, to major brain disorders including Alzheimer's, Parkinson's, schizophrenia, bipolar disorder, anxiety and depression.

Although most of the findings for the mouse and human brain cells were similar, the researchers plan to focus on human cells in future studies -- comparing, for example, isoform variation in normal aging and in aging-related brain disorders.
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A smarter city skyline for flood safety | ScienceDaily
A city's skyline -- the distinctive shapes and arrangements of its buildings -- impacts the safety of its population during floods. When the streets flood, pedestrians can be swept under the current and injured or killed. With climate change and rising urbanization, the likelihood and severity of urban flooding are increasing.


						
Not all city blocks are created equal. In Physics of Fluids, an AIP Publishing journal, researchers from Beijing Normal University, Beijing Hydrological Center, and the China Institute of Water Resources and Hydropower Research investigated how city design contributes to pedestrian safety during flooding.

"Climate change leads to an increasing trend of extreme precipitation events in terms of frequency and intensity," said author Zhong-Fan Zhu. "Rapid urbanization alters the hydrological properties of the underlying surface in urban areas. For example, previous forestland, wetland, and agricultural land have been paved to construct impervious, urban lands. These factors contribute to frequency occurrences of urban flood events."

The researchers experimentally identified the flood conditions that make pedestrians vulnerable and utilized computer simulations of different city block patterns, building heights, and street widths to assess the configurations that best protect people.

Each city has unique buildings and building configurations. The team simulated three different urban block layouts: buildings neatly arranged and equally spaced in columns and rows, buildings offset and staggered, and a square tightly outlined by buildings with just four buildings enclosed within.

When buildings are arranged in a line, as in the grid and enclosed layout, they provide a zone of safety by blocking some of the water and wind. The staggered approach has none of this protection and more danger zones due to increased water and wind circulation.

Altering the building shape can also protect pedestrians. Rounding or adding recesses to building corners significantly reduced areas of dangerously high floodwater and windspeed. However, this intervention also somewhat decreased the safety zone.




Wind was a critical, yet complex, factor in determining safety.

"In some cases, the floodwater does not cause pedestrian instability, but adding the wind force will lead to a dangerous situation," said Zhu. "However, in other cases, the wind will help to maintain pedestrian stability and protect against floodwater. It seems like that wind is like a 'double-edged sword.'"

Different building height arrangements can help mitigate the negative impacts of wind.

Cities looking to expand should consider enclosed block arrangements, buildings with rounded or even circular footprints, and potentially consult with a physicist.
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Bacteria in cancer unmasked | ScienceDaily
Researchers at the Netherlands Cancer Institute have compiled a detailed catalogue of bacteria living in cancer metastases. Having analyzed over 4000 tumors, they shed light on the diversity of these co-inhabitants and how they might interact with cancer cells and their surroundings. For example, certain bacteria were linked to a worse response to immunotherapy. This study paves the way to a better understanding of how bacteria help or hinder cancer (therapy), and how we can use this for patients' advantage. The researchers publish their findings today in the scientific journal Cell.


						
On and in our bodies live billions of microorganisms: bacteria, viruses and yeasts -- our microbiome. We need them, and they need us. Bacteria help us digest our food, for example, and cooperate with our immune system in the fight against pathogens. Gut bacteria in particular have been extensively studied, including in the context of cancer. For example, they can influence the effectiveness of immunotherapy and chemotherapy.

Metastases

But these tiny co-inhabitants also house outside the gut. Bacteria are found in tumors, for example. With new techniques, researchers are getting better at finding out which microbes they are. But how bacteria get to a tumor and what exactly they do there remains largely unknown, making it unclear how important they are to disease and the effect of treatments.

26 cancer types

Because many patients eventually die from metastases, and many treatments target them, the research groups of Emile Voest and Lodewyk Wessels took a closer look at those metastases. After all, little was known about bacteria in these tumors. Together with their colleagues at, among others, the Netherlands Cancer Institute and Oncode Institute they have now mapped which bacteria are present in cancer metastases. Both groups are

In tissue from more than 4,000 metastases of 26 types of cancer, the researchers analyzed the code of the DNA present. From that genetic material you can see not only which human cells are there, but also which bacteria -- because these also have DNA. For this purpose they used clinical information and DNA data generated by Hartwig Medical Foundation.




Terabytes

With that unimaginably large mountain of information (400 terabytes), they used computer power to figure out which bacteria congregate in which places. This required a lot of clever programming, because there is relatively little bacterial DNA in such a piece of tissue.

"Surprisingly, it's not just metastases from colon cancer that contain a lot of bacteria," says researcher Thomas Battaglia. One might expect that because most of our bacteria reside in the colon, from where they could possibly travel along during metastasis to elsewhere in the body. "Also, which bacteria are present in a metastasis is strongly related to the location in the body, the conditions there, and the cancer type."

Therapy response

They also discovered a link between bacteria and therapy efficacy. Patients with lung cancer and Fusobacterium in their metastasis, for example, responded worse to immunotherapy than peers without that bacteria. Thomas: "We also noted that the more diverse the bacterial community, the more active the adjacent tumor cells."

"Our work opens doors for exploring new forms of treatments, for example against bacteria that might help the tumor," co-author Iris Mimpen says. "It helps us understand how the complex environment of tumors works, an environment in which all kinds of cells -- including bacteria -- live together and influence each other."

This research was financially supported by the AVL Foundation, KWF Dutch Cancer Society and Oncode Institute.
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Periostin shows promise to help fight a common form of esophageal cancer | ScienceDaily
Esophageal squamous cell carcinoma (ESCC) accounts for around 90% of esophageal cancers, especially in East Asia. New findings in The American Journal of Pathology, published by Elsevier, indicate that periostin, or POSTN, promotes ESCC progression by enhancing cancer and stromal cell migration in cancer-associated fibroblasts (CAFs). Therefore, it may be a novel therapeutic target for treating ESCC.


						
Lead investigator Yu-ichiro Koma, MD, PhD, Division of Pathology, Department of Pathology, Kobe University Graduate School of Medicine, explained, "Though CAFs in the tumor microenvironment are involved in the progression of various cancers, including ESCC, the underlying mechanisms are unclear. Therefore, it is critical to further investigate the mechanisms of esophageal cancer development and progression."

To better understand the mechanisms of ESCC progression by CAFs, investigators generated CAF-like cells by directly coculturing human bone marrow-derived mesenchymal stem cells (MSCs) with ESCC cells, revealing elevated periostin expression. Recombinant human periostin activated the serine/threonine protein kinase (Akt) and extracellular signal-regulated kinase (Erk) signaling pathways in ESCC cells, which enhanced the survival and migration of these cancer cells. Periostin also enhanced MSC and macrophage migration and conferred tumor-associated macrophage (TAM)-like properties to macrophages. Immunohistochemistry demonstrated the clinical significance of periostin, associating its high expression with tumor invasiveness, vessel invasion, advanced pathological stage, CAF marker expression, and TAM infiltration. After direct coculture, ESCC cells showed increased characteristics of malignancy, such as tumor survival, growth, and migration, as well as increased phosphorylation of Akt and Erk.

Dr. Koma commented: "We discovered that periostin, up-regulated in CAFs upon direct contact with cancer cells, promotes ESCC progression and the migration of stromal cells like CAFs and TAMs. Periostin also enhanced mesenchymal stem cell and macrophage migration and endowed macrophages with tumor-associated macrophage-like properties. Thus, CAF-secreted periostin contributed to tumor microenvironment development."

Dr. Koma concluded: "The present study established a direct coculture system between ESCC cells and MSCs, which promoted the malignant phenotype of ESCC cells. Patients with ESCC with high periostin expression exhibited poorer postoperative outcomes, indicating that periostin may be a novel therapeutic target for treating this form of esophageal cancer and may serve as a prognostic indicator."

Esophageal cancer is the seventh most common cancer worldwide and the sixth leading cause of cancer-related death. The most common histological subtype is ESCC. The histologic types of esophageal cancer are broadly classified into ESCC and esophageal adenocarcinoma, with ESCC accounting for approximately 90% of esophageal cancers, especially in East Asia. In East Asia and East Africa, esophageal cancer is one of the top five causes of overall cancer mortality, and the five-year overall survival of ESCC is approximately 20%, with a poor prognosis. This prognosis is associated with a high propensity for metastasis, even if the tumor is superficial, Early esophageal cancer is often asymptomatic and diagnosis typically occurs at an advanced stage.
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Cognitive decline may be detected using network analysis, according to Concordia researchers | ScienceDaily
We all lose our car keys or our glasses from time to time. Most people would be correct to laugh it off as a normal part of aging. But for others, cognitive decline may start as a worrying but clinically unnoticeable step toward cognitive impairment, be it relatively mild or as severe as Alzheimer's disease.


						
The vast complexity of the human brain makes early diagnosis of cognitive decline difficult to achieve, which has potentially important implications for treatment and prevention. This is especially true for subjective cognitive decline, in which an individual reports concerns about memory or cognitive ability but shows no deviation on cognitive tests administered by clinicians.

That's the focus of a new paper in the journal Cortex by Concordia PhD student Nicholas Grunden and Department of Psychology professor Natalie Phillips. In it they use a novel technique called network analysis to study whether it can reveal the subtle changes associated with subjective cognitive decline that cannot be detected through standard test analyses.

A network approach models cognitive performance as a web of intertwined cognitive abilities that reflects the relationships between a set of variables, or nodes. The nodes here are the results of several neuropsychological tests, as well as participant characteristics like age, sex and education.

By running a statistical analysis of data merged from two large Canadian data sets, the researchers were able to visualize the strength of relationships between the nodes among people who are classified as cognitively normal (CN), or who have diagnoses of subjective cognitive decline (SCD), mild cognitive impairment (MCI) or Alzheimer's disease (AD).

"The nodes are connected by edges, which are the conditional associations between them," Grunden says. "The edge reflects how those variables work together. Are they positively correlated or negatively correlated? The network shows us how strong these associations are by how saturated the edges are. It's a built-in visual communication of findings."

Seeing the decline

After constructing the networks using the merged databases, the researchers identified two nodes that exert the strongest influence on the rest of network: performance on tests of executive function and processing speed. Both are known to decline with age.




The strength of these two nodes, however, had marked decreases from the cognitively normal to the subjective cognitive decline to the mild cognitive impairment groups. This progressive gradient places SCD as an intermediate stage between CN and MCI.

"We found that very interesting, because it uncovered something that speaks to individuals' subjective concerns that are invisible in normal statistical analyses," Grunden explains.

"Executive function and processing speed are important cognitive abilities in that they contribute to other abilities (e.g., language, attention) and are integral to supporting an individual's day-to-day functioning in their lives. We know efficiency decreases as we age but we also see them at the initial stages of some types of progressive cognitive decline."

Age limits

The researchers also noticed an important component to the role of age. While it is one of the strongest predictors of cognitive decline, and it exerted substantial influence on cognitive abilities among those classified CN and SCD, that influence waned among those classified MCI or AD. For them, other nodes measuring cognitive ability take on more weight.

"In other words, all things considered, age will be the biggest influence on cognition for older adults who do not show signs of Alzheimer's disease," says Phillips, the Concordia University Research Chair in Sensory-Cognitive Health in Aging and Dementia.




"But that is not the case in those individuals who have a diagnosis of MCI or Alzheimer's disease. For them, cognitive function is more associated with how advanced their disease is, as indicated by general measures of clinical status on standardized cognition tests like the Montreal Cognitive Assessment Test."

Grunden says network analysis can help researchers examine brain function as a system rather than isolated variables acting upon each other.

"This helps us read between the lines, because we can look at the interrelationships between all of the variables at the same time," he says. "You can pick up on indicators that are less apparent in single elements of data and instead focus on associations between them."

The Fonds de recherche du Quebec -- Nature et technologies (FRQNT), the Fondation Famille Lemaire and the Centre for Research on Brain, Language and Music contributed funding for this study. The researchers used data from the Consortium for the early identification of Alzheimer's disease -- Quebec (CIMA-Q) and the Comprehensive Assessment on Neurodegeneration and Dementia (COMPASS-ND) databases.
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Research could unlock more precise prognoses and targeted treatments for children with cancer | ScienceDaily
Researchers have identified new variations in neuroblastoma that could lead to a more accurate prognosis and better-targeted treatments for this devastating childhood cancer.


						
A study published in the British Journal of Cancer reveals three new subgroups of the most common type of neuroblastoma, each with different genetic traits, expected outcomes, and distinguishing features that offer clues as to which treatments may be most effective.

Dr Yihua Wang from the University of Southampton, a senior author on the paper said: "This research represents a pivotal advancement in our understanding of MYCN non-amplified neuroblastomas. The results are striking. These kinds of neuroblastomas can be classified into three distinct subgroups, each demonstrating unique prognostic implications and varying vulnerabilities to investigational therapies."

Around 100 children are diagnosed with neuroblastoma each year in the UK, representing six to ten per cent of all childhood cancers. Neuroblastoma is a cancer that starts in a type of nerve cell called a neuroblast. It can present in the abdomen, chest neck or pelvis and can spread to other parts of the body.

The overall prognosis of the disease is poor, with just 20 per cent of patients still alive at 5 years after diagnosis, but the likelihood of the cancer being cured varies widely, with some tumours spontaneously regressing and others proving resistant to therapy and progressing.

One of the key indicators of risk is the amplification of a gene called MYCN, where tumours have too many of this type of gene. This occurs in around 20 per cent of cases and accounts for about 40 per cent of high-risk neuroblastomas.

Researchers from the University of Southampton and China wanted to find out more about cases where the MYCN gene isn't amplified to better understand the diversity of outcomes within these cases. Using advanced analytical techniques, the research team analysed over 1,500 biopsy samples from 16 different datasets sourced from Gene Expression Omnibus (GEO) and ArrayExpress.




The team were able to identify three distinct subtypes of these MYCN non-amplified cases based on their transcriptional signatures -- patterns of gene expression that can provide valuable insights into biological processes.

The first subgroup makes up around half of MYCN non-amplified cases and has the best prognosis, with a long-term survival rate of over 85 per cent, despite some cases being clinically classified as high risk.

Subgroup 2, representing a quarter of MYCN non-amplified cases, had the worst outcomes with a long-term survival rate of 50%. Interestingly, this group had a similar genetic signature to cases where MYCN is amplified. Researchers found a protein called Aurora Kinase A (AURKA) was expressed at significantly higher levels than in the other two subgroups. On further analysis, they found that AURKA mRNA levels alone could predict overall survival. This suggests that patients within the subgroup may benefit from treatment with AURKA inhibitors.

Meanwhile, Subgroup 3, which made up another quarter of MYCN non-amplified cases, is characterised by an 'inflamed' gene signature, with significantly higher levels of activity in immune cells. Further analysis indicates that patients in this subgroup were predicted to respond better to immunotherapy.

Dr Wang added: "This research opens new avenues for personalised medicine in the treatment of neuroblastomas. By leveraging transcriptional subtyping, we are now equipped to offer more precise prognosis and tailor therapies accordingly for patients with MYCN non-amplified neuroblastomas, potentially improving outcomes and quality of life."

The project was supported by the UK Medical Research Council and the Natural Science Foundation of China.
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After being insulted, writing down your feelings on paper then getting rid of it reduces anger | ScienceDaily
A research group in Japan has discovered that writing down one's reaction to a negative incident on a piece of paper and then shredding it or throwing it away reduces feelings of anger.


						
"We expected that our method would suppress anger to some extent," lead researcher Nobuyuki Kawai said. "However, we were amazed that anger was eliminated almost entirely."

This research is important because controlling anger at home and in the workplace can reduce negative consequences in our jobs and personal lives. Unfortunately, many anger management techniques proposed by specialists lack empirical research support. They can also be difficult to recall when angry.

The results of this study, published in Scientific Reports, are the culmination of years of previous research on the association between the written word and anger reduction. It builds on work showing how interactions with physical objects can control a person's mood.

For their project, Kawai and his graduate student Yuta Kanaya, both at the Graduate School of Informatics, Nagoya University, asked participants to write brief opinions about important social problems, such as whether smoking in public should be outlawed. They then told them that a doctoral student at Nagoya University would evaluate their writing.

However, the doctoral students doing the evaluation were plants. Regardless of what the participants wrote, the evaluators scored them low on intelligence, interest, friendliness, logic, and rationality. To really drive home the point, the doctoral students also wrote the same insulting comment: "I cannot believe an educated person would think like this. I hope this person learns something while at the university."

After handing out these negative comments, the researchers asked the participants to write their thoughts on the feedback, focusing on what triggered their emotions. Finally, one group of participants was told to either dispose of the paper they wrote in a trash can or keep it in a file on their desk. A second group was told to destroy the document in a shredder or put it in a plastic box.

The students were then asked to rate their anger after the insult and after either disposing of or keeping the paper. As expected, all participants reported a higher level of anger after receiving insulting comments. However, the anger levels of the individuals who discarded their paper in the trash can or shredded it returned to their initial state after disposing of the paper. Meanwhile, the participants who held on to a hard copy of the insult experienced only a small decrease in their overall anger.

Kawai imagines using his research to help businesspeople who find themselves in stressful situations. "This technique could be applied in the moment by writing down the source of anger as if taking a memo and then throwing it away when one feels angry in a business situation," he explained.

Along with its practical benefits, this discovery may shed light on the origins of the Japanese cultural tradition known as hakidashisara (hakidashi refers to the purging or spitting out of something, and sara refers to a dish or plate) at the Hiyoshi shrine in Kiyosu, Aichi Prefecture, just outside of Nagoya. Hakidashisara is an annual festival where people smash small discs representing things that make them angry. Their findings may explain the feeling of relief that participants report after leaving the festival.
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Are lab-grown brain tissues ethical? There is no no-brainer answer | ScienceDaily
Brain organoids, though often referred to as "mini brains," are not truly human brains. But the concerns over these lab-grown brain tissues, especially when they are developed from human fetal tissues, can be very human indeed.


						
Researchers from the Graduate School of Humanities and Social Sciences at Hiroshima University offer valuable insights into the complexities inherent in brain organoid research, making significant contributions to the ongoing discourse surrounding this innovative biotechnology and paving the way for informed decision-making and legal and ethical stewardship in the pursuit of scientific advancement.

Their paper was published on March 4 in EMBO Reports.

Brain organoids are three-dimensional human brain tissues derived from stem cells, which are capable of developing into many different cell types. They replicate the complexity of the human brain in a laboratory setting, allowing researchers to study brain development and diseases in the hopes of acquiring vital insights and making innovative medical advancements.

Traditionally, brain organoids are grown from pluripotent stem cells, an especially potent sub-type that is typical of early embryonic development, but new technologies now make it possible to generate these organoids from human fetal brain cells. This method comes, however, with even more heated legal and ethical debates about brain organoids -- debates that are already intense in conventional organoid research.

"Our research seeks to illuminate previously often-overlooked ethical dilemmas and legal complexities that arise at the intersection of advanced organoid research and the use of fetal tissue, which is predominantly obtained through elective abortions," said Tsutomu Sawai, an associate professor at Hiroshima University and lead author of the study.

The study highlights the urgent need for a sophisticated and globally harmonized regulatory framework tailored to navigate the complex ethical and legal landscape of fetal brain organoid (FeBO) research. The paper emphasizes the importance of informed consent protocols, ethical considerations surrounding organoid consciousness, transplantation of organoids into animals, integration with computational systems, and broader debates related to embryo research and the ethics of abortion.

"Our plan is to vigorously advocate for the development of thorough ethical and regulatory frameworks for brain organoid research, including FeBO research, at both national and international levels," said Masanori Kataoka, a fellow researcher at Hiroshima University.

"Rather than being limited to issues of consciousness, it's imperative, now more than ever, to systematically advance the ethical and regulatory discussion in order to responsibly and ethically advance scientific and medical progress," Sawai said.

Moving forward, the research duo plans to continue supporting the advancement of ethical and regulatory discussions surrounding brain organoid research. By promoting responsible and ethical progress in science and medicine, they aim to ensure that all research involving brain organoids, including FeBOs, is conducted within a framework that prioritizes human dignity and ethical integrity.
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Heart disease, depression linked by inflammation | ScienceDaily
Coronary artery disease and major depression may be genetically linked via inflammatory pathways to an increased risk for cardiomyopathy, a degenerative heart muscle disease, researchers at Vanderbilt University Medical Center and Massachusetts General Hospital have found.


						
Their report, published April 5 in the journal Nature Mental Health, suggests that drugs prescribed for coronary artery disease and depression, when used in combination, potentially may reduce inflammation and prevent the development of cardiomyopathy.

"This work suggests that chronic low-level inflammation may be a significant contributor to both depression and cardiovascular disease," said the paper's corresponding author, Lea Davis, PhD, associate professor of Medicine in the Division of Genetic Medicine and Vanderbilt Genetics Institute.

The connection between depression and other serious health conditions is well known. As many as 44% of patients with coronary artery disease (CAD), the most common form of cardiovascular disease, also have a diagnosis of major depression. Yet the biological relationship between the two conditions remains poorly understood.

A possible connection is inflammation. Changes in the levels of inflammatory markers have been observed in both conditions, suggesting that there may be a common biological pathway linking neuroinflammation in depression with atherosclerotic inflammation in CAD.

In the current study, the researchers used a technique called transcriptome-wide association scans to map single nucleotide polymorphisms (genetic variations) involved in regulating the expression of genes associated with both CAD and depression.

The technique identified 185 genes that were significantly associated with both depression and CAD, and which were "enriched" for biological roles in inflammation and cardiomyopathy. This suggests that predisposition to both depression and CAD, which the researchers called (major) depressive CAD, or (m)dCAD, may further predispose individuals to cardiomyopathy.




However, when the researchers scanned large electronic health record databases at VUMC, Mass General, and the National Institutes of Health's All of Us Research Program, they found the actual incidence of cardiomyopathy in patients with the enriched genes for (m)dCAD was lower than in patients with CAD alone.

One possible explanation is that medications prescribed for CAD and depression, such as statins and antidepressants, may prevent development of cardiomyopathy by reducing inflammation, the researchers concluded.

"More research is needed to investigate optimal treatment mechanisms," Davis added, "but at a minimum this work suggests that patient heart and brain health should be considered together when developing management plans to treat depression or cardiovascular disease."

Kritika Singh, PhD, the paper's first author, is a former graduate student in the Davis lab who is now a postdoctoral Innovation Fellow at Novartis in Cambridge, Massachusetts.

Other VUMC co-authors are Tyne Miller-Fleming, PhD, Peter Straub, MS, Nancy Cox, PhD, founding director of the Vanderbilt Genetics Institute, and institute members Quinn Wells, MD, PharmD, MSCI, associate professor of Medicine in the Division of the Cardiovascular Medicine, and Emily Hodges, PhD, assistant professor of Biochemistry.

The research was supported by National Institutes of Health grants R56MH120736, R01H118233, 1F31MH124306, and 1R01HL140074, and an American Heart Association Fellowship.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240408183823.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The surprising connection between male infertility and family cancer risk | ScienceDaily
In a recent study, researchers at Huntsman Cancer Institute at the University of Utah (the U) found a surprising trend in families with male infertility: an increased risk of certain cancers. This discovery could lead to a more personalized approach to cancer risk assessments, making cancer prevention more effective.


						
According to the National Institutes of Health, around 9% of men at reproductive age have experienced fertility problems.

"We know that men who experience infertility tend to have more health issues like cardiovascular disease, autoimmune conditions, earlier mortality, chronic health conditions, and cancer," says Joemy Ramsay, PhD, the study's lead investigator, researcher at Huntsman Cancer Institute, and assistant professor in the Division of Urology at the U. "We wanted to look at whether the family members of these men were at higher risk for these conditions."

Ramsay has a background in public health, specializing in occupational and environmental exposure. This study represents the first step in determining family members' correlated risk levels to diseases, such as cancer. Ramsay explains that since family members share similar genetic factors, environments, and lifestyles, it would be easier to identify other things impacting their cancer risk. Once general risk has been assessed, etiological factors can be more accurately evaluated in determining the part they play in a diagnosis.

Using the Utah Population Database, one of the world's richest sources of genetic and public health information, Ramsay and her team, which included Heidi Hanson, MS, PhD, Nicola Camp, PhD, and Myke Madsen, looked at parents, siblings, children, and even aunts, uncles, and cousins, of men who have been diagnosed with infertility.

By observing several types of cancer at once, the team was able to develop an algorithm that clusters similar things together. This algorithm made it possible to identify roughly 13 characteristic patterns. The patterns were based on families possessing similar multi-cancer risks, instead of looking at only one cancer type at a time.

"Both cancer and subfertility are complex diseases and processes," says Ramsay. "This method helps create similar family groups, making it easier to uncover the reason behind a family being at high risk for certain diseases over others."

For families with male infertility, these findings may prompt additional conversations with their doctors.




"While the link is still not fully understood, it is important to have these conversations with our families, and bring your concerns to your medical team," says Ramsay.

Further research is needed to continue to establish a link between male infertility and cancer risk. Understanding the reason behind a risk may ultimately lead to more personalized courses of treatment, screening, and prevention.

Huntsman Cancer Institute leads the way in educating patients on how to prevent and treat cancer. For more information on genetic testing, visit our Family Cancer Assessment Clinic.

This study was supported by the National Institutes of Health/National Cancer Institute including P30 CA042014 and Huntsman Cancer Foundation. The chatbots were developed in a recently completed trial funded by the Inherited Cancer Syndrome Collaborative of the Cancer Moonshot initiative.
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Tiny brain bubbles carry complete codes | ScienceDaily

Researchers call the tiny brain bubbles under scrutiny in this study small extracellular vesicles (sEVs). These tiny biological water balloons are produced by most cells in the body to ferry a wide variety of proteins, lipids and byproducts of cellular metabolism, as well as RNA nucleic acid codes used by recipient cells to construct new proteins.

Because this biologically active cargo can easily elicit changes in other cells, scientists are interested in brain sEVs as a medium for passing along normal as well as bungled instructions for misfolded proteins that accumulate in the brain as neurodegenerative diseases such as Alzheimer's disease progress.

To be a potential contributor to the buildup of unwanted proteins, sEVs would have to carry blueprints with sufficient information to enable other cells to produce the problematic proteins. Most previous research had indicated that the messenger RNA (mRNA) carrying plans for proteins were chopped into too many shorter fragments to allow recipient cells to change their construction patterns.

"We found quite the opposite to be true in our study," says Chun, professor in the Center for Genetic Disorders and Aging Research at Sanford Burnham Prebys. "We identified more than 10,000 full-length mRNAs through the use of a relatively newer DNA sequencing technique called PacBio long-read sequencing."

The team isolated sEVs from the prefrontal cortex of 12 postmortem brain samples donated from patients diagnosed with Alzheimer's disease and 12 from donors without Alzheimer's disease (or any other known neurological disease). Nearly 80% of identified mRNAs were full-length, allowing them to be transcribed by recipient cells into viable proteins.

"To corroborate the results of long-read sequencing in the human samples, we also looked at vesicles isolated from mouse cells," says first author Linnea Ransom, Ph.D., postdoctoral fellow at Sanford Burnham Prebys. "We found similar averages of between 78% and 86% full-length transcripts in three brain cell types: astrocytes, microglia and neurons."

In addition to analyzing and validating the results regarding the length of mRNAs in brain sEVs, the researchers compared the sequence of genes reflected in the sEV mRNA transcriptome. In Alzheimer's disease samples, 700 genes showed increased expression whereas nearly 1500 were found to have reduced activity.




The scientists determined that the 700 upregulated genes are associated with inflammation and immune system activation, which fits within known patterns of brain inflammation present in neurodegenerative diseases such as Alzheimer's disease. The researchers also found many genes associated with Alzheimer's disease in prior genome-wide association studies also were present in Alzheimer's disease sEVs.

"The changes in gene expression contained in these vesicles reveal an inflammatory signature that may serve as a window into disease processes occurring in the brain as Alzheimer's disease progresses," says Chun.

Following this study, Chun and team will dig deeper into how cells package sEVs and how the enclosed mRNA codes lead to functional changes in other brain cells affected in Alzheimer's disease. Better understanding of sEVs and their mRNA contents may enable the discovery of biomarkers that could be used to improve early detection of Alzheimer's disease and potentially other neurological conditions, while identifying new disease mechanisms to provide new therapeutic targets.

"Additionally, sEVs naturally occur as a vehicle for transporting biologically active cargo between cells, so it also may be possible to leverage them as a targeted delivery system for future brain therapies" says Chun.

Additional authors on the study include Linnea S. Ransom, Christine S. Liu, Emily Dunsmore, Carter R. Palmer, Juliet Nicodemus, Derya Ziomek and Nyssa Williams, all at Sanford Burnham Prebys.

The study was supported by the National Institute on Aging (R01AG065541 and R01AG071465), National Institute of General Medical Sciences (T32GM007752) and Rotary International.
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Preventive angioplasty does not improve prognosis | ScienceDaily
For heart attack patients, treating only the coronary artery that caused the infarction works just as well as preventive balloon dilation of the other coronary arteries, according to a new large study by researchers at Karolinska Institutet and others. The results are published in the New England Journal of Medicine.


						
Heart attack is a common disease with risks of serious complications. It has long been unclear what the best strategy is for treating narrowings in coronary arteries separate from the specific vessel that caused the infarction.

A new large Swedish study has investigated whether it is sufficient to treat only the coronary artery that caused the infarction, or whether long-term results are better if other narrowed vessels are also treated with balloon dilation as a preventive measure.

The clinical randomized study included 1542 patients from 32 hospitals in 7 countries. In the Swedish part, the SWEDEHEART registry was used to conduct the randomization and collect data. Patients were followed up for five years after the procedure.

The results show no difference between the groups in terms of new heart attacks, new unplanned balloon dilations or the total number of all-cause deaths.

"This is somewhat surprising. Our hypothesis was that it would be beneficial to do preventive angioplasty," says Felix Bohm, a senior physician at the Department of Clinical Sciences, Danderyd Hospital at Karolinska Institutet, who led the study.

However, when it comes to problems with angina, the study shows that it is possible to avoid patients coming back for new balloon dilations through preventive treatment. According to Felix Bohm, this suggests that we should still aim for complete treatment of all vessels.




"But for those patients where there is some circumstance that makes a complete revascularization complicated, one might choose to wait, since there was no difference in the most serious complications -- new heart attack and death," says Felix Bohm.

If problems with angina occur, these patients can then come back later for a new treatment, according to Felix Bohm.

"A positive finding of the study was that most patients do not come back with new problems, regardless of the treatment strategy chosen. "Nowadays, heart attack patients are so well treated with drugs that it is difficult to find other interventions that provide further significant risk reduction," says Felix Bohm.

The researchers will now go on to investigate how angina and other quality of life parameters in the patients were affected by the different treatment strategies, as well as health economic aspects of the chosen strategy.

The research was conducted by Uppsala Clinical Research Center (UCR) at Uppala University. The legal sponsor was Karolinska University Hospital. The study was funded by the Swedish Research Council, Hjart-Lungfonden, Region Stockholm, Abbott and Boston Scientific. The companies had no influence on study design, results analysis or article writing.
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        The hidden role of the Milky Way in ancient Egyptian mythology
        Astrophysicists shed light on the relationship between the Milky Way and the Egyptian sky-goddess Nut. The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

      

      
        New 3D-printing method makes printing objects more affordable and eco-friendly
        A team of scientists has unveiled a method for 3D printing that allows manufacturers to create custom-made objects more economically and sustainably.

      

      
        A faster, better way to prevent an AI chatbot from giving toxic responses
        A new technique can more effectively perform a safety check on an AI chatbot. Researchers enabled their model to prompt a chatbot to generate toxic responses, which are used to prevent the chatbot from giving hateful or harmful answers when deployed.

      

      
        Quantum breakthrough when light makes materials magnetic
        The potential of quantum technology is huge but is today largely limited to the extremely cold environments of laboratories. Now, researchers have succeeded in demonstrating for the very first time how laser light can induce quantum behavior at room temperature -- and make non-magnetic materials magnetic. The breakthrough is expected to pave the way for faster and more energy-efficient computers, information transfer and data storage.

      

      
        AI makes retinal imaging 100 times faster, compared to manual method
        Researchers applied artificial intelligence (AI) to a technique that produces high-resolution images of cells in the eye. They report that with AI, imaging is 100 times faster and improves image contrast 3.5-fold. The advance, they say, will provide researchers with a better tool to evaluate age-related macular degeneration (AMD) and other retinal diseases.

      

      
        New method of measuring qubits promises ease of scalability in a microscopic package
        The path to quantum supremacy is made challenging by the issues associated with scaling up the number of qubits. One key problem is the way that qubits are measured. A research group introduces a new approach that tackles these challenges head-on using nanobolometers instead of traditional, bulky parametric amplifiers.

      

      
        Study shedding new light on Earth's global carbon cycle could help assess liveability of other planets
        Research has uncovered important new insights into the evolution of oxygen, carbon, and other vital elements over the entire history of Earth -- and it could help assess which other planets can develop life, ranging from plants to animals and humans.

      

      
        Breakthrough for next-generation digital displays
        Researchers have developed a digital display screen where the LEDs themselves react to touch, light, fingerprints and the user's pulse, among other things. Their results could be the start of a whole new generation of displays for phones, computers and tablets.

      

      
        New strategy for assessing the applicability of reactions
        Chemists show that a machine-based method prevents widespread 'bias' in chemical publications.

      

      
        Waterproof 'e-glove' could help scuba divers communicate
        When scuba divers need to say 'I'm okay' or 'Shark!' to their dive partners, they use hand signals to communicate visually. But sometimes these movements are difficult to see. Now, researchers have constructed a waterproof 'e-glove' that wirelessly transmits hand gestures made underwater to a computer that translates them into messages. The new technology could someday help divers communicate better with each other and with boat crews on the surface.

      

      
        AI-assisted breast-cancer screening may reduce unnecessary testing
        Researchers showed that AI assistance potentially could improve breast-cancer screening by reducing the number of false positives without missing true positives.

      

      
        Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials
        In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.

      

      
        Can the bias in algorithms help us see our own?
        New research shows that people recognize more of their biases in algorithms' decisions than they do in their own -- even when those decisions are the same.

      

      
        New device gathers, stores electricity in remote settings
        Wirelessly connected devices perform an expanding array of applications, such as monitoring the condition of machinery and remote sensing in agricultural settings. These applications hold much potential for improving the efficiency, but how do you power these devices where reliable electrical sources are not available? Research points to a possible solution in the form of a novel type of battery.

      

      
        Cardiology team performs novel heart artery repair with newly approved device
        Medical researchers have performed a successful transcatheter tricuspid valve repair procedure with a groundbreaking catheter.

      

      
        Tiny plastic particles are found everywhere
        Microplastic particles can be found in the most remote ocean regions on earth. In Antarctica, pollution levels are even higher than previously assumed.

      

      
        Could new technique for 'curving' light be the secret to improved wireless communication?
        A study that could help revolutionize wireless communication introduces a novel method to curve terahertz signals around an obstacle.

      

      
        Subterranean storage of hydrogen
        Scientists are using computer simulations and laboratory experiments to see if depleted oil and natural gas reservoirs can be used for storing carbon-free hydrogen fuel. Hydrogen is an important clean fuel: It can be made by splitting water using solar or wind power, it can be used to generate electricity and power heavy industry, and it could be used to power fuel-cell-based vehicles. Additionally, hydrogen could be stored for months and used when energy needs outpace the supply delivered by ren...

      

      
        A smarter city skyline for flood safety
        With climate change and rising urbanization, the likelihood and severity of urban flooding are increasing. But not all city blocks are created equal. Researchers investigated how urban layout and building structures contribute to pedestrian safety during flooding. Based on their simulated results, the team recommends modifying building corners and protective block layouts to reduce pedestrian risk.

      

      
        New technique lets scientists create resistance-free electron channels
        A team has taken the first atomic-resolution images and demonstrated electrical control of a chiral interface state -- an exotic quantum phenomenon that could help researchers advance quantum computing and energy-efficient electronics.

      

      
        BESSY II: How pulsed charging enhances the service time of batteries
        An improved charging protocol might help lithium-ion batteries to last much longer. Charging with a high-frequency pulsed current reduces aging effects, an international team demonstrated.

      

      
        How climate change will impact food production and financial institutions
        Researchers have developed a new method to predict the financial impacts climate change will have on agriculture, which can help support food security and financial stability for countries increasingly prone to climate catastrophes.

      

      
        A pulse of innovation: AI at the service of heart research
        Researchers unveiled BeatProfiler, a groundbreaking new tool -- a comprehensive software that automates the analysis of heart cell function from video data. It's the first system to integrate the analysis of different heart function indicators, such as contractility, calcium handling, and force output into one tool, speeding up the process significantly and reducing the chance for errors. BeatProfiler enabled the researchers to not only distinguish between different diseases and levels of their s...

      

      
        Engineers design soft and flexible 'skeletons' for muscle-powered robots
        Engineers designed modular, spring-like devices to maximize the work of live muscle fibers so they can be harnessed to power biohybrid robots.

      

      
        This 3D printer can figure out how to print with an unknown material
        Researchers developed a 3D printer that can automatically determine the printing parameters of an unknown material. This could help engineers use emerging renewable or recycled materials that have fluctuating properties, which makes them difficult to print with.

      

      
        Inexplicable flying fox found in Hydra galaxy cluster
        High sensitivity radio observations have discovered a cloud of magnetized plasma in the Hydra galaxy cluster. The odd location and shape of this plasma defy all conventional explanations. Dubbed the Flying Fox based on its silhouette, this plasma will remain a mystery until additional observations can provide more insight.

      

      
        New four-terminal tandem organic solar cell achieves 16.94% power conversion efficiency
        Researchers have fabricated a new four-terminal organic solar cell with a tandem configuration with a 16.94% power conversion efficiency (PCE). The new device is composed by a highly transparent front cell that incorporates a transparent ultrathin silver (Ag) electrode of only 7nm, which ensures its efficient operation.

      

      
        Researchers developed new method for detecting heart failure with a smartphone
        New technology uses a smartphone to analyze heart movement and detect heart failure.

      

      
        Novel robust-optimal controllers based on fuzzy descriptor system
        The Takagi--Sugeno (T--S) fuzzy descriptor system offers a promising avenue for controlling non-linear systems but lacks optimal control strategies. Moreover, while robust control methods have been developed, they add additional complexity. To address these limitations, a team of researchers has developed novel optimal and robust-optimal controllers based on the T--S fuzzy descriptor model, holding great potential for enhanced autonomous systems.

      

      
        Protecting art and passwords with biochemistry
        A new molecular test method helps to prove the authenticity of works of art. The new method could also help to make passwords secure against quantum computers.

      

      
        Scientists unveil cutting-edge ruthenium catalyst for new reaction discovery and optimization
        Researchers have achieved a groundbreaking advancement in catalyst technology.

      

      
        Using pulp and paper waste to scrub carbon from emissions
        Researchers have come up with an innovative approach to improve the energy efficiency of carbon conversion, using waste material from pulp and paper production. The technique they've pioneered not only reduces the energy required to convert carbon into useful products, but also reduces overall waste in the environment.

      

      
        How mosquito larva guts could help create highly specific insecticides
        Did you know that the world's deadliest animal is the mosquito? And Aedes aegypti is one of the most dangerous. This bug spreads viruses that cause dengue fever, which was recently declared as an epidemic in Puerto Rico. Research reports new molecules that label proteins in the unique, alkaline environment of the Ae. aegypti digestive system that could help scientists develop insecticides to fight back.

      

      
        PFAS 'forever chemicals' above drinking water guidelines in global source water
        PFAS (aka 'forever chemicals') are notoriously difficult to destroy. They've been linked to environmental and health issues, including some cancers, but a lot remains unknown about the true scale and potential impacts of the problem -- including how much is in our water supply. A new study assessed the levels of PFAS contamination in surface and ground water around the globe -- and found that much of our global source water exceeds PFAS safe drinking limits.

      

      
        How the moon turned itself inside out
        Linking analyses of the moon's gravity field with models of its earliest evolution, scientists tell a story of the moon turning itself inside out after it solidified from a primordial magma ocean. The process left behind a vestige of dense, titanium-rich material beneath its Earth-facing side that makes its presence known by gravity anomalies.

      

      
        Climate change threatens Antarctic meteorites
        Antarctica harbors a large concentration of meteorites imbuing the icy continent with an unparalleled wealth of information on our solar system. However, these precious meteorites are rapidly disappearing from the ice sheet surface due to global warming, according to a new study.

      

      
        How scientists are accelerating chemistry discoveries with automation
        Scientists have developed an automated workflow that could accelerate the discovery of new pharmaceutical drugs and other useful products. The new automated approach could analyze chemical reactions in real time and identify new chemical-reaction products much faster than current laboratory methods.

      

      
        Scientists release state-of-the-art spike-sorting software Kilosort4
        Researchers have released Kilosort4, the newest version of a popular spike-sorting software that enables scientists to make sense of the mountains of data collected from recording the simultaneous activity of hundreds of neurons.

      

      
        Proof-of-principle demonstration of 3-D magnetic recording
        Research groups have made a breakthrough in the field of hard disk drives (HDD) by demonstrating the feasibility of multi-level recording using a three-dimensional magnetic recording medium to store digital information. The research groups have shown that this technology can be used to increase the storage capacity of HDDs, which could lead to more efficient and cost-effective data storage solutions in the future.

      

      
        Telescope detects unprecedented behavior from nearby magnetar
        Captured by cutting-edge radio telescope technology, a chance reactivation of a magnetar -- the Universe's most powerful magnets -- has revealed an unexpectedly complex environment.

      

      
        Ocean waves propel PFAS back to land
        A new study reveals that PFAS re-emit into the air from crashing ocean waves at levels comparable to or greater than other sources, establishing a cyclical transport process for these 'forever chemicals' between land and sea.

      

      
        A simple, inexpensive way to make carbon atoms bind together
        The active ingredient in many drugs is what's known as a small molecule: bigger than water, much smaller than an antibody and mainly made of carbon. It's tough, however, to make these molecules if they require a quaternary carbon -- a carbon atom bonded to four other carbon atoms. But now, scientists have uncovered a potential cost-effective way to produce these tricky motifs.

      

      
        Innovative sensing platform unlocks ultrahigh sensitivity in conventional sensors
        Engineers unlock the power of exceptional points (EPs) for advanced optical sensing. EPs -- specific conditions in systems where extraordinary optical phenomena can occur -- can be deployed on conventional sensors to achieve a striking sensitivity to environmental perturbations.

      

      
        Can language models read the genome? This one decoded mRNA to make better vaccines
        Researchers developed a foundational language model to decode mRNA sequences and optimize those sequences for vaccine development. The tool shows broader promise as a means for studying molecular biology.

      

      
        Chemical reactions can scramble quantum information as well as black holes
        A team of researchers has shown that molecules can be as formidable at scrambling quantum information as black holes by combining mathematical tools from black hole physics and chemical physics and testing their theory in chemical reactions.

      

      
        Neutron stars are key to understanding elusive dark matter
        Scientists may be one step closer to unlocking one of the great mysteries of the universe after calculating that neutron stars might hold a key to helping us understand elusive dark matter.

      

      
        Rapid, simultaneous detection of multiple bacteria achieved with handheld sensor
        A team has developed a method for simultaneous detection of multiple disease-causing bacterial species within one hour using a handheld device.

      

      
        Astronomy: How do brown dwarfs form?
        New observations provide insights into whether the birth of the giant planets takes a similar course to that of stars.

      

      
        Kerr-enhanced optical spring for next-generation gravitational wave detectors
        A novel technique for enhancing optical spring that utilizes the Kerr effect to improve the sensitivity of gravitational wave detectors (GWDs) has recently been developed. This innovative design uses optical non-linear effects from the Kerr effect in the Fabry-Perot cavity to achieve high signal amplification ratios and optical spring constant, with potential applications in not only GWDs but also in a range of optomechanical systems.

      

      
        CHEOPS detects a 'rainbow' on an exoplanet
        The CHEOPS space telescope is providing new information on the mysterious exoplanet WASP-76b. This ultra-hot giant is characterized by an asymmetry between the amount of light observed on its eastern terminator -- the fictitious line that separates its night side from its day side -- and that observed on its western terminator. This peculiarity is thought to be due to a 'glory', a luminous phenomenon similar to a rainbow, which occurs if the light from the star -- the 'sun' around which the exopl...
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The hidden role of the Milky Way in ancient Egyptian mythology | ScienceDaily
Ancient Egyptians were known for their religious beliefs and astronomical knowledge of the Sun, Moon, and planets, but up until now it has been unclear what role the Milky Way played in Egyptian religion and culture.


						
A new study by a University of Portsmouth astrophysicist sheds light on the relationship between the Milky Way and the Egyptian sky-goddess Nut.

Nut is goddess of the sky, who is often depicted as a star-studded woman arched over her brother, the earth god Geb. She protects the earth from being flooded by the encroaching waters of the void, and plays a key role in the solar cycle, swallowing the Sun as it sets at dusk and giving birth to it once more as it rises at dawn.

The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

Associate Professor in Astrophysics, Dr Or Graur, said: "I chanced upon the sky-goddess Nut when I was writing a book on galaxies and looking into the mythology of the Milky Way. I took my daughters to a museum and they were enchanted by this image of an arched woman and kept asking to hear stories about her.

"This sparked my interest and I decided to combine both astronomy and Egyptology to do a double analysis -- astronomical and cross-cultural -- of the sky-goddess Nut, and whether she really could be linked to the Milky Way."

Dr Graur drew from a rich collection of ancient sources including the Pyramid Texts, Coffin Texts, and the Book of Nut and compared them alongside sophisticated simulations of the Egyptian night sky.




He found compelling evidence that the Milky Way highlighted Nut's divine presence.

Furthermore, Dr Graur connected Egyptian beliefs with those of other cultures, showing similarities in how different societies interpret the Milky Way.

He said: "My study also shows that Nut's role in the transition of the deceased to the afterlife and her connection to the annual bird migration are consistent with how other cultures understand the Milky Way. For example, as a spirits' road among different peoples in North and Central America or as the Birds' Path in Finland and the Baltics.

"My research shows how combining disciplines can offer new insights into ancient beliefs, and it highlights how astronomy connects humanity across cultures, geography, and time. This paper is an exciting start to a larger project to catalogue and study the multicultural mythology of the Milky Way."
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New 3D-printing method makes printing objects more affordable and eco-friendly | ScienceDaily
University of Florida engineers have developed a method for 3D printing called vapor-induced phase-separation 3D printing, or VIPS-3DP, to create single-material as well as multi-material objects. The discovery has the potential to advance the world of additive manufacturing.


						
Yong Huang, Ph. D., a professor in UF's department of mechanical and aerospace engineering, said the printing process he and colleagues developed allows manufacturers to create custom-made objects economically and sustainably. The novel approach was reported Tuesday in the journal Nature Communications.

"It is more economical and much simpler than current counterpart technologies," he said. "It's an affordable process for printing advanced materials, including metals."

To understand the process, imagine using special eco-friendly liquids to make the "ink" for a 3D printer. These dissolvable polymer-based liquids can include metal or ceramic particles. When you print with this ink, a non-solvent vapor is released into the printing area. This vapor makes the liquid part of the ink solidify, leaving behind the solid material -- called the vapor-induced phase-separation process.

Huang explained the process allows manufacturers to 3D print multi-material parts with spatially tunable, multi-scale porosity, which means creating structures that have different kinds of substances at different locations and with varied levels of porousness.

The object's porousness refers to it having tiny holes or gaps, and this is created by adjusting printing conditions and/or how much sacrificial material is used during the VIPS-3DP process. This can be useful for manufacturing things like porous medical implants or lightweight aerospace products.

"This is a promising method for creating metallic products that require different levels of porousness," said Marc Sole-Gras, Ph.D., the first author of the paper and a former graduate student in Huang's lab. "A good example of this is in bone tissue engineering. We can print an implant that is appropriately porous to ensure it integrates with the surrounding human cells."

In addition to requiring less investments in infrastructure, the VIPS-3DP process is a greener option to traditional printing methods because it uses sustainable materials and less energy.

The UF-licensed technology has been granted two patents, and its development was supported through funding from federal agencies, including the National Science Foundation and the Department of Energy.
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A faster, better way to prevent an AI chatbot from giving toxic responses | ScienceDaily
A user could ask ChatGPT to write a computer program or summarize an article, and the AI chatbot would likely be able to generate useful code or write a cogent synopsis. However, someone could also ask for instructions to build a bomb, and the chatbot might be able to provide those, too.


						
To prevent this and other safety issues, companies that build large language models typically safeguard them using a process called red-teaming. Teams of human testers write prompts aimed at triggering unsafe or toxic text from the model being tested. These prompts are used to teach the chatbot to avoid such responses.

But this only works effectively if engineers know which toxic prompts to use. If human testers miss some prompts, which is likely given the number of possibilities, a chatbot regarded as safe might still be capable of generating unsafe answers.

Researchers from Improbable AI Lab at MIT and the MIT-IBM Watson AI Lab used machine learning to improve red-teaming. They developed a technique to train a red-team large language model to automatically generate diverse prompts that trigger a wider range of undesirable responses from the chatbot being tested.

They do this by teaching the red-team model to be curious when it writes prompts, and to focus on novel prompts that evoke toxic responses from the target model.

The technique outperformed human testers and other machine-learning approaches by generating more distinct prompts that elicited increasingly toxic responses. Not only does their method significantly improve the coverage of inputs being tested compared to other automated methods, but it can also draw out toxic responses from a chatbot that had safeguards built into it by human experts.

"Right now, every large language model has to undergo a very lengthy period of red-teaming to ensure its safety. That is not going to be sustainable if we want to update these models in rapidly changing environments. Our method provides a faster and more effective way to do this quality assurance," says Zhang-Wei Hong, an electrical engineering and computer science (EECS) graduate student in the Improbable AI lab and lead author of a paper on this red-teaming approach.




Hong's co-authors include EECS graduate students Idan Shenfield, Tsun-Hsuan Wang, and Yung-Sung Chuang; Aldo Pareja and Akash Srivastava, research scientists at the MIT-IBM Watson AI Lab; James Glass, senior research scientist and head of the Spoken Language Systems Group in the Computer Science and Artificial Intelligence Laboratory (CSAIL); and senior author Pulkit Agrawal, director of Improbable AI Lab and an assistant professor in CSAIL. The research will be presented at the International Conference on Learning Representations.

Automated red-teaming 

Large language models, like those that power AI chatbots, are often trained by showing them enormous amounts of text from billions of public websites. So, not only can they learn to generate toxic words or describe illegal activities, the models could also leak personal information they may have picked up.

The tedious and costly nature of human red-teaming, which is often ineffective at generating a wide enough variety of prompts to fully safeguard a model, has encouraged researchers to automate the process using machine learning.

Such techniques often train a red-team model using reinforcement learning. This trial-and-error process rewards the red-team model for generating prompts that trigger toxic responses from the chatbot being tested.

But due to the way reinforcement learning works, the red-team model will often keep generating a few similar prompts that are highly toxic to maximize its reward.




For their reinforcement learning approach, the MIT researchers utilized a technique called curiosity-driven exploration. The red-team model is incentivized to be curious about the consequences of each prompt it generates, so it will try prompts with different words, sentence patterns, or meanings.

"If the red-team model has already seen a specific prompt, then reproducing it will not generate any curiosity in the red-team model, so it will be pushed to create new prompts," Hong says.

During its training process, the red-team model generates a prompt and interacts with the chatbot. The chatbot responds, and a safety classifier rates the toxicity of its response, rewarding the red-team model based on that rating.

Rewarding curiosity

The red-team model's objective is to maximize its reward by eliciting an even more toxic response with a novel prompt. The researchers enable curiosity in the red-team model by modifying the reward signal in the reinforcement learning set up.

First, in addition to maximizing toxicity, they include an entropy bonus that encourages the red-team model to be more random as it explores different prompts. Second, to make the agent curious they include two novelty rewards. One rewards the model based on the similarity of words in its prompts, and the other rewards the model based on semantic similarity. (Less similarity yields a higher reward.)

To prevent the red-team model from generating random, nonsensical text, which can trick the classifier into awarding a high toxicity score, the researchers also added a naturalistic language bonus to the training objective.

With these additions in place, the researchers compared the toxicity and diversity of responses their red-team model generated with other automated techniques. Their model outperformed the baselines on both metrics.

They also used their red-team model to test a chatbot that had been fine-tuned with human feedback so it would not give toxic replies. Their curiosity-driven approach was able to quickly produce 196 prompts that elicited toxic responses from this "safe" chatbot.

"We are seeing a surge of models, which is only expected to rise. Imagine thousands of models or even more and companies/labs pushing model updates frequently. These models are going to be an integral part of our lives and it's important that they are verified before released for public consumption. Manual verification of models is simply not scalable, and our work is an attempt to reduce the human effort to ensure a safer and trustworthy AI future," says Agrawal.

In the future, the researchers want to enable the red-team model to generate prompts about a wider variety of topics. They also want to explore the use of a large language model as the toxicity classifier. In this way, a user could train the toxicity classifier using a company policy document, for instance, so a red-team model could test a chatbot for company policy violations.

"If you are releasing a new AI model and are concerned about whether it will behave as expected, consider using curiosity-driven red-teaming," says Agrawal.

This research is funded, in part, by Hyundai Motor Company, Quanta Computer Inc., the MIT-IBM Watson AI Lab, an Amazon Web Services MLRA research grant, the U.S. Army Research Office, the U.S. Defense Advanced Research Projects Agency Machine Common Sense Program, the U.S. Office of Naval Research, the U.S. Air Force Research Laboratory, and the U.S. Air Force Artificial Intelligence Accelerator.
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Quantum breakthrough when light makes materials magnetic | ScienceDaily
The potential of quantum technology is huge but is today largely limited to the extremely cold environments of laboratories. Now, researchers at Stockholm University, at the Nordic Institute for Theoretical Physics and at the Ca' Foscari University of Venice have succeeded in demonstrating for the very first time how laser light can induce quantum behavior at room temperature -- and make non-magnetic materials magnetic. The breakthrough is expected to pave the way for faster and more energy-efficient computers, information transfer and data storage.


						
Within a few decades, the advancement of quantum technology is expected to revolutionize several of society's most important areas and pave the way for completely new technological possibilities in communication and energy. Of particular interest for researchers in the field are the peculiar and bizarre properties of quantum particles -- which deviate completely from the laws of classical physics and can make materials magnetic or superconducting. By increasing the understanding of exactly how and why this type of quantum states arise, the goal is to be able to control and manipulate materials to obtain quantum mechanical properties.

So far, researchers have only been able to induce quantum behaviors, such as magnetism and superconductivity, at extremely cold temperatures. Therefore, the potential of quantum research is still limited to laboratory environments.

Now, a research team from Stockholm University and the Nordic Institute of Theoretical Physics (NORDITA)* in Sweden, the University of Connecticut and the SLAC National Accelerator Laboratory in USA, the National Institute for Materials Science in Tsukuba, Japan, the Elettra-Sincrotrone Trieste, the 'Sapienza' University of Rome and the Ca' Foscari University of Venice in Italy, is the first in the world to demonstrate in an experiment how laser light can induce magnetism in a non-magnetic material at room temperature. In the study, published in Nature, the researchers subjected the quantum material strontium titanate to short but intense laser beams of a peculiar wavelength and polarization, to induced magnetism.

"The innovation in this method lies in the concept of letting light move atoms and electrons in this material in circular motion, so to generate currents that make it as magnetic as a refrigerator magnet. We have been able to do so by developing a new light source in the far-infrared with a polarization which has a "corkscrew" shape. This is the first time we have been able to induce and clearly see how the material becomes magnetic at room temperature in an experiment. Furthermore, our approach allows to make magnetic materials out of many insulators, when magnets are typically made of metals. In the long run, this opens for completely new applications in society," says the research leader Stefano Bonetti at Stockholm University and at the Ca' Foscari University of Venice

The method is based on the theory of "dynamic multiferroicity," which predicts that when titanium atoms are "stirred up" with circularly polarized light in an oxide based on titanium and strontium, a magnetic field will be formed. But it is only now that the theory can be confirmed in practice. The breakthrough is expected to have broad applications in several information technologies.

"This opens up for ultra-fast magnetic switches that can be used for faster information transfer and considerably better data storage, and for computers that are significantly faster and more energy-efficient," says Alexander Balatsky, professor of physics at NORDITA.

In fact, the results of the team have already been reproduced in several other labs, and a publication in the same issue of Nature demonstrates that this approach can be used to write, and hence store, magnetic information. A new chapter in designing new materials using light has been opened.
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AI makes retinal imaging 100 times faster, compared to manual method | ScienceDaily
Researchers at the National Institutes of Health applied artificial intelligence (AI) to a technique that produces high-resolution images of cells in the eye. They report that with AI, imaging is 100 times faster and improves image contrast 3.5-fold. The advance, they say, will provide researchers with a better tool to evaluate age-related macular degeneration (AMD) and other retinal diseases.


						
"Artificial intelligence helps overcome a key limitation of imaging cells in the retina, which is time," said Johnny Tam, Ph.D., who leads the Clinical and Translational Imaging Section at NIH's National Eye Institute.

Tam is developing a technology called adaptive optics (AO) to improve imaging devices based on optical coherence tomography (OCT). Like ultrasound, OCT is noninvasive, quick, painless, and standard equipment in most eye clinics.

Imaging RPE cells with AO-OCT comes with new challenges, including a phenomenon called speckle. Speckle interferes with AO-OCT the way clouds interfere with aerial photography. At any given moment, parts of the image may be obscured. Managing speckle is somewhat similar to managing cloud cover. Researchers repeatedly image cells over a long period of time. As time passes, the speckle shifts, which allows different parts of the cells to become visible. The scientists then undertake the laborious and time-consuming task of piecing together many images to create an image of the RPE cells that's speckle-free.

Tam and his team developed a novel AI-based method called parallel discriminator generative adverbial network (P-GAN) -- a deep learning algorithm. By feeding the P-GAN network nearly 6,000 manually analyzed AO-OCT-acquired images of human RPE, each paired with its corresponding speckled original, the team trained the network to identify and recover speckle-obscured cellular features.

When tested on new images, P-GAN successfully de-speckled the RPE images, recovering cellular details. With one image capture, it generated results comparable to the manual method, which required the acquisition and averaging of 120 images. With a variety of objective performance metrics that assess things like cell shape and structure, P-GAN outperformed other AI techniques. Vineeta Das, Ph.D., a postdoctoral fellow in the Clinical and Translational Imaging Section at NEI, estimates that P-GAN reduced imaging acquisition and processing time by about 100-fold. P-GAN also yielded greater contrast, about 3.5 greater than before.

"Adaptive optics takes OCT-based imaging to the next level," said Tam. "It's like moving from a balcony seat to a front row seat to image the retina. With AO, we can reveal 3D retinal structures at cellular-scale resolution, enabling us to zoom in on very early signs of disease."

While adding AO to OCT provides a much better view of cells, processing AO-OCT images after they've been captured takes much longer than OCT without AO.




Tam's latest work targets the retinal pigment epithelium (RPE), a layer of tissue behind the light-sensing retina that supports the metabolically active retinal neurons, including the photoreceptors. The retina lines the back of the eye and captures, processes, and converts the light that enters the front of the eye into signals that it then transmits through the optic nerve to the brain. Scientists are interested in the RPE because many diseases of the retina occur when the RPE breaks down.

By integrating AI with AO-OCT, Tam believes that a major obstacle for routine clinical imaging using AO-OCT has been overcome, especially for diseases that affect the RPE, which has traditionally been difficult to image.

"Our results suggest that AI can fundamentally change how images are captured," said Tam. "Our P-GAN artificial intelligence will make AO imaging more accessible for routine clinical applications and for studies aimed at understanding the structure, function, and pathophysiology of blinding retinal diseases. Thinking about AI as a part of the overall imaging system, as opposed to a tool that is only applied after images have been captured, is a paradigm shift for the field of AI."
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New method of measuring qubits promises ease of scalability in a microscopic package | ScienceDaily
Chasing ever-higher qubit counts in near-term quantum computers constantly demands new feats of engineering.


						
Among the troublesome hurdles of this scaling-up race is refining how qubits are measured. Devices called parametric amplifiers are traditionally used to do these measurements. But as the name suggests, the device amplifies weak signals picked up from the qubits to conduct the readout, which causes unwanted noise and can lead to decoherence of the qubits if not protected by additional large components. More importantly, the bulky size of the amplification chain becomes technically challenging to work around as qubit counts increase in size-limited refrigerators.

Cue the Aalto University research group Quantum Computing and Devices (QCD). They have a hefty track record of showing how thermal bolometers can be used as ultrasensitive detectors, and they just demonstrated in an April 10 Nature Electronics paper that bolometer measurements can be accurate enough for single-shot qubit readout.

A new method of measuring

To the chagrin of many physicists, the Heisenberg uncertainty principle determines that one cannot simultaneously know a signal's position and momentum, or voltage and current, with accuracy. So it goes with qubit measurements conducted with parametric voltage-current amplifiers. But bolometric energy sensing is a fundamentally different kind of measurement -- serving as a means of evading Heisenberg's infamous rule. Since a bolometer measures power, or photon number, it is not bound to add quantum noise stemming from the Heisenberg uncertainty principle in the way that parametric amplifiers are.

Unlike amplifiers, bolometers very subtly sense microwave photons emitted from the qubit via a minimally invasive detection interface. This form factor is roughly 100 times smaller than its amplifier counterpart, making it extremely attractive as a measurement device.

'When thinking of a quantum-supreme future, it is easy to imagine high qubit counts in the thousands or even millions could be commonplace. A careful evaluation of the footprint of each component is absolutely necessary for this massive scale-up. We have shown in the Nature Electronics paper that our nanobolometers could seriously be considered as an alternative to conventional amplifiers. In our very first experiments, we found these bolometers accurate enough for single-shot readout, free of added quantum noise, and they consume 10,000 times less power than the typical amplifiers -- all in a tiny bolometer, the temperature-sensitive part of which can fit inside of a single bacterium,' says Aalto University Professor Mikko Mottonen, who heads the QCD research group.




Single-shot fidelity is an important metric physicists use to determine how accurately a device can detect a qubit's state in just one measurement as opposed to an average of multiple measurements. In the case of the QCD group's experiments, they were able to obtain a single-shot fidelity of 61.8% with a readout duration of roughly 14 microseconds. When correcting for the qubit's energy relaxation time, the fidelity jumps up to 92.7%.

'With minor modifications, we could expect to see bolometers approaching the desired 99.9% single-shot fidelity in 200 nanoseconds. For example, we can swap the bolometer material from metal to graphene, which has a lower heat capacity and can detect very small changes in its energy quickly. And by removing other unnecessary components between the bolometer and the chip itself, we can not only make even greater improvements on the readout fidelity, but we can achieve a smaller and simpler measurement device that makes scaling-up to higher qubit counts more feasible,' says Andras Gunyho, the first author on the paper and a doctoral researcher in the QCD group.

Prior to demonstrating the high single-shot readout fidelity of bolometers in their most recent paper, the QCD research group first showed that bolometers can be used for ultrasensitive, real-time microwave measurements in 2019. They then published in 2020 a paper in Nature showing how bolometers made of graphene can shorten readout times to well below a microsecond.

The work was carried out in the Research Council of Finland Centre of Excellence for Quantum Technology (QTF) using OtaNano research infrastructure in collaboration with VTT Technical Research Centre of Finland and IQM Quantum Computers. It was primarily funded by the European Research Council Advanced Grant ConceptQ and the Future Makers Program of the Jane and Aatos Erkko Foundation and the Technology Industries of Finland Centennial Foundation.
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Study shedding new light on Earth's global carbon cycle could help assess liveability of other planets | ScienceDaily
Research has uncovered important new insights into the evolution of oxygen, carbon, and other vital elements over the entire history of Earth - and it could help assess which other planets can develop life, ranging from plants to animals and humans.


						
The study, published today in Nature Geoscience and led by a researcher at the University of Bristol, reveals for the first time how the build up of carbon-rich rocks has accelerated oxygen production and its release into the atmosphere. Until now the exact nature of how the atmosphere became oxygen-rich has long eluded scientists and generated conflicting explanations.

As carbon dioxide is steadily emitted by volcanoes, it ends up entering the ocean and forming rocks like limestone. As global stocks of these rocks build up they can then release their carbon during tectonic processes, including mountain building and metamorphism.

Using this knowledge, the scientists built a unique sophisticated computer model to more accurately chart key changes in the carbon, nutrient and oxygen cycles deep into Earth's history, over 4 billion years of the planet's lifetime.

Lead author and biogeochemist Dr Lewis Alcott, Lecturer in Earth Sciences at the University of Bristol, said: "This breakthrough is important and exciting because it may help us understand how planets, other than Earth, have the potential to support intelligent, oxygen-breathing life.

"Previously we didn't have a clear idea of why oxygen rose from very low concentrations to present-day concentrations, as computer models haven't previously been able to accurately simulate all the possible feedbacks together. This has puzzled scientists for decades and created different theories."

The discovery indicates that older planets, originating billions of years ago like Earth, may have better prospects to accumulate enough carbon-rich deposits in their crust, which could facilitate rapid recycling of carbon and nutrients for life.

The findings showed this gradual carbon enrichment of the crust results in ever-increasing recycling rates of carbon and various minerals, including the nutrients needed for photosynthesis, the process green plants use sunlight to absorb nutrients from carbon dioxide and water. This cycle therefore steadily speeds up oxygen production over the passage of Earth's history.

The research, which started whilst Dr Alcott was a Hutchinson Postdoctoral Fellow at Yale University in the United States, paves the way for future work to further unravel the complex interrelationships between planetary temperature, oxygen, and nutrients.

Co-author Prof Benjamin Mills, Professor of Earth System Evolution at the University of Leeds, said: "We have lots of information about distant stars and the size of the planets that orbit them. Soon this could be used to make a prediction of the planet's potential chemistry, and new advances in telescope technology should let us know if we are correct."
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Breakthrough for next-generation digital displays | ScienceDaily
Researchers at Linkoping University, Sweden, have developed a digital display screen where the LEDs themselves react to touch, light, fingerprints and the user's pulse, among other things. Their results, published in Nature Electronics, could be the start of a whole new generation of displays for phones, computers and tablets.


						
"We've now shown that our design principle works. Our results show that there is great potential for a new generation of digital displays where new advanced features can be created. From now on, it's about improving the technology into a commercially viable product," says Feng Gao, professor in optoelectronics at Linkoping University (LiU).

Digital displays have become a cornerstone of almost all personal electronics. However, the most modern LCD and OLED screens on the market can only display information. To become a multi-function display that detects touch, fingerprints or changing lighting conditions, a variety of sensors are required that are layered on top of or around the display.

Researchers at Linkoping University have now developed a completely new type of display where all sensor functions are also found in the display's LEDs without the need of any additional sensors.

The LEDs are made of a crystalline material called perovskite. Its excellent ability of light absorption and emission is the key that enables the newly developed screen.

In addition to the screen reacting to touch, light, fingerprints and the user's pulse, the device can also be charged through the screen thanks to the perovskites' ability to also act as solar cells.

"Here's an example -- your smartwatch screen is off most of the time. During the off-time of the screen, instead of displaying information, it can harvest light to charge your watch, significantly extending how long you can go between charges," says Chunxiong Bao, associate professor at Nanjing University, previously a postdoc researcher at LiU and the lead author of the paper.

For a screen to display all colours, there needs to be LEDs in three colours -- red, green and blue -- that glow with different intensity and thus produce thousands of different colours. The researchers at Linkoping University have developed screens with perovskite LEDs in all three colours, paving the way for a screen that can display all colours within the visible light spectrum.

But there are still many challenges to be solved before the screen is in everyone's pocket. Zhongcheng Yuan, researcher at the University of Oxford, previously postdoc at LiU and the other lead author of the paper, believes that many of the problems will be solved within ten years:

"For instance, the service life of perovskite LEDs needs to be improved. At present, the screen only works for a few hours before the material becomes unstable, and the LEDs go out," he says.
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New strategy for assessing the applicability of reactions | ScienceDaily
Chemists often develop and optimise new chemical reactions using so-called model systems, i.e. simple, easily accessible substrates. They then use up to around 100 other substrates as examples to show that the reaction works. This demonstration of versatile applicability is called "scope" in technical jargon. However, a subjective selection of substrates often results in a distorted picture of the range of applications of the newly developed reaction. It is often unclear whether it can be used to synthesise a desired product. To address this problem, a team led by chemist Prof Frank Glorius from the University of Munster (Germany) is proposing a computer-aided, bias-free method for selecting the model substrates to evaluate new chemical reactions.


						
The selection of substrates is based on the complexity and structural properties of real pharmaceutical compounds. "Our method aims to improve the quality and information content of chemical reaction data in the future and to close knowledge gaps," explains Frank Glorius. A deeper understanding of new reactions lowers the barriers to their application in both an academic and industrial context. The availability of high-quality, unbiased data also significantly facilitates the use of machine learning and paves the way for a more comprehensive use of the data. The work has been published in the journal ACS Central Science.

According to the team's authors, attempts to standardise and objectify the development and evaluation of chemical reactions are still quite new and relatively uncommon. "We would like to initiate a 'rethinking process' with our publication. Instead of doing as many experiments as possible, which are often biased or have a predictable outcome, the focus should be on obtaining the best possible data about new chemical reactions," says first author Debanjan Rana.

Other scientists have also tried to evaluate chemical reactions on the basis of "better" selected substrates. However, this work was limited to special cases -- either to firmly selected structures with pharmaceutical relevance or to structures specially tailored for a single reaction, which have to be calculated and selected in a complex process. In contrast to the previous work, the method presented by the Munster team takes the entire structure of a molecule into account, which makes it universally applicable for any chemical reaction.

Niklas Holter, one of the paper's authors in Munster, explains the thought process behind the study: "Scope is of central importance in all publications on chemical synthesis. However, chemists are often biased in their choice of substrate compounds to test. For example, they choose substrates that are structurally very simple, very similar to the model substrate or simply just available in the laboratory ('selection bias'). They often don't mention unsuccessful reactions at all in their publication in order to paint a better picture ('reporting bias')."

When synthesising new chemical compounds, such as active ingredients or materials, chemists have to select the most suitable method for producing the target compound from a large number of known chemical reactions and methods. To do this, they consider several factors such as the yield of the desired product as well as environmental and safety aspects. The development of new, versatile chemical reactions therefore continues to be a focus of current chemical research.

The method developed by the team at the University of Munster used molecular fingerprints to transfer all approved active pharmaceutical ingredients into a digital code. Using unsupervised machine-learning and clustering methods, they created a model that divides this "space" of active pharmaceutical ingredients into chemically meaningful regions based on the molecular structures. To evaluate a new chemical reaction, thousands of potential test substrates can be projected into the same space using the machine-learning model. A test substrate is automatically selected from the centre of each of the previously identified regions to cover the entire space without bias.
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Waterproof 'e-glove' could help scuba divers communicate | ScienceDaily
When scuba divers need to say "I'm okay" or "Shark!" to their dive partners, they use hand signals to communicate visually. But sometimes these movements are difficult to see. Now, researchers reporting in ACS Nano have constructed a waterproof "e-glove" that wirelessly transmits hand gestures made underwater to a computer that translates them into messages. The new technology could someday help divers communicate better with each other and with boat crews on the surface.


						
E-gloves -- gloves fitted with electronic sensors that translate hand motions into information -- are already in development, including designs that allow the wearer to interact with virtual reality environments or help people recovering from a stroke regain fine motor skills. However, rendering the electronic sensors waterproof for use in a swimming pool or the ocean, while also keeping the glove flexible and comfortable to wear, is a challenge. So Fuxing Chen, Lijun Qu, Mingwei Tian and colleagues wanted to create an e-glove capable of sensing hand motions when submerged underwater.

The researchers began by fabricating waterproof sensors that rely on flexible microscopic pillars inspired by the tube-like feet of a starfish. Using laser writing tools, they created an array of these micropillars on a thin film of polydimethylsiloxane (PDMS), a waterproof plastic commonly used in contact lenses. After coating the PDMS array with conductive layer of silver, the researchers sandwiched two of the films together with the pillars facing inward to create a waterproof sensor. The sensor -- roughly the size of a USB-C port -- is responsive when flexed and can detect a range of pressures comparable to the light touch of a dollar bill up to the impact of water streaming from a garden hose. The researchers packaged 10 of these waterproof sensors within self-adhesive bandages and sewed them over the knuckles and first finger joints of their e-glove prototype.

To create a hand-gesture vocabulary for the researchers' demonstration, a participant wearing the e-glove made 16 gestures, including "OK" and "Exit." The researchers recorded the specific electronic signals generated by the e-glove sensors for each corresponding gesture. They applied a machine learning technique for translating sign language into words to create a computer program that could translate the e-glove gestures into messages. When tested, the program translated hand gestures made on land and underwater with 99.8% accuracy. In the future, the team says a version of this e-glove could help scuba divers communicate with visual hand signals even when they cannot clearly see their dive partners.

The authors acknowledge funding from the Shiyanjia Lab, National Key Research and Development Program, Taishan Scholar Program of Shandong Province in China, Shandong Province Key Research and Development Plan, Shandong Provincial Universities Youth Innovation Technology Plan Team, National Natural Science Foundation of China, Natural Science Foundation of Shandong Province of China, Shandong Province Science and Technology Small and Medium sized Enterprise Innovation Ability Enhancement Project, Natural Science Foundation of Qingdao, Qingdao Key Technology Research and Industrialization Demonstration Projects, Qingdao Shinan District Science and Technology Plan Project, and Suqian Key Research and Development Plan.
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AI-assisted breast-cancer screening may reduce unnecessary testing | ScienceDaily
Using artificial intelligence (AI) to supplement radiologists' evaluations of mammograms may improve breast-cancer screening by reducing false positives without missing cases of cancer, according to a study by researchers at Washington University School of Medicine in St. Louis and Whiterabbit.ai, a Silicon Valley-based technology startup.


						
The researchers developed an algorithm that identified normal mammograms with very high sensitivity. They then ran a simulation on patient data to see what would have happened if all of the very low-risk mammograms had been taken off radiologists' plates, freeing the doctors to concentrate on the more questionable scans. The simulation revealed that fewer people would have been called back for additional testing but that the same number of cancer cases would have been detected.

"False positives are when you call a patient back for additional testing, and it turns out to be benign," explained senior author Richard L. Wahl, MD, a professor of radiology at Washington University's Mallinckrodt Institute of Radiology (MIR) and a professor of radiation oncology. "That causes a lot of unnecessary anxiety for patients and consumes medical resources. This simulation study showed that very low-risk mammograms can be reliably identified by AI to reduce false positives and improve workflows."

The study is published April 10 in the journal Radiology: Artificial Intelligence.

Wahl previously collaborated with Whiterabbit.ai on an algorithm to help radiologists judge breast density on mammograms to identify people who could benefit from additional or alternative screening. That algorithm received clearance from the Food and Drug Administration (FDA) in 2020 and is now marketed by Whiterabbit.ai as WRDensity.

In this study, Wahl and colleagues at Whiterabbit.ai worked together to develop a way to rule out cancer using AI to evaluate mammograms. They trained the AI model on 123,248 2D digital mammograms (containing 6,161 showing cancer) that were largely collected and read by Washington University radiologists. Then, they validated and tested the AI model on three independent sets of mammograms, two from institutions in the U.S. and one in the United Kingdom.

First, the researchers figured out what the doctors did: how many patients were called back for secondary screening and biopsies; the results of those tests; and the final determination in each case. Then, they applied AI to the datasets to see what would have been different if AI had been used to remove negative mammograms in the initial assessments and physicians had followed standard diagnostic procedures to evaluate the rest.

For example, consider the largest dataset, which contained 11,592 mammograms. When scaled to 10,000 mammograms (to make the math simpler for the purposes of the simulation), AI identified 34.9% as negative. If those 3,485 negative mammograms had been removed from the workload, radiologists would have made 897 callbacks for diagnostic exams, a reduction of 23.7% from the 1,159 they made in reality. At the next step, 190 people would have been called in a second time for biopsies, a reduction of 6.9% from the 200 in reality. At the end of the process, both the AI rule-out and real-world standard-of-care approaches identified the same 55 cancers. In other words, this study of AI suggests that out of 10,000 people who underwent initial mammograms, 262 could have avoided diagnostic exams, and 10 could have avoided biopsies, without any cancer cases being missed.

"At the end of the day, we believe in a world where the doctor is the superhero who finds cancer and helps patients navigate their journey ahead," said co-author Jason Su, co-founder and chief technology officer at Whiterabbit.ai. "The way AI systems can help is by being in a supporting role. By accurately assessing the negatives, it can help remove the hay from the haystack so doctors can find the needle more easily. This study demonstrates that AI can potentially be highly accurate in identifying negative exams. More importantly, the results showed that automating the detection of negatives may also lead to a tremendous benefit in the reduction of false positives without changing the cancer detection rate."
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Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials | ScienceDaily
In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.


						
The researchers from The University of Manchester describe a force-controlled release system that harnesses natural forces to trigger targeted release of molecules, which could significantly advance medical treatment and smart materials.

The discovery, published today in the journal Nature, uses a novel technique using a type of interlocked molecule known as rotaxane. Under the influence of mechanical force -- such as that observed at an injured or damaged site -- this component triggers the release of functional molecules, like medicines or healing agents, to precisely target the area in need. For example, the site of a tumour.

It also holds promise for self-healing materials that can repair themselves in situ when damaged, prolonging the lifespan of these materials. For example, a scratch on a phone screen.

Guillaume De Bo, Professor of Organic Chemistry at The University of Manchester, said: "Forces are ubiquitous in nature and play pivotal roles in various processes. Our aim was to exploit these forces for transformative applications, particularly in material durability and drug delivery.

"Although this is only a proof-of-concept design, we believe that our rotaxane-based approach holds immense potential with far reaching applications -- we're on the brink of some truly remarkable advancements in healthcare and technology."

Traditionally, the controlled release of molecules with force has presented challenges in releasing more than one molecule at once, usually operating through a molecular "tug of war" game where two polymers pull at either side to release a single molecule.




The new approach involves two polymer chains attached to a central ring-like structure that slide along an axle supporting the cargo, effectively releasing multiple cargo molecules in response to force application. The scientists demonstrated the release of up to five molecules simultaneously with the possibility of releasing more, overcoming previous limitations.

The breakthrough marks the first time scientists have been able to demonstrate the ability to release more than one component, making it one of the most efficient release systems to date.

The researchers also show versatility of the model by using different types of molecules, including drug compounds, fluorescent markers, catalyst and monomers, revealing the potential for a wealth of future applications.

Looking ahead, the researchers aim to delve deeper into self-healing applications, exploring whether two different types of molecules can be released at the same time. For example, the integration of monomers and catalysts could enable polymerization at the site of damage, creating an integrated self-healing system within materials.

They will also look to expand the sort of molecules that can be released.

Prof De Bo said: "We've barely scratched the surface of what this technology can achieve. The possibilities are limitless, and we're excited to explore further."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240410111754.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Can the bias in algorithms help us see our own? | ScienceDaily
Algorithms were supposed to make our lives easier and fairer: help us find the best job applicants, help judges impartially assess the risks of bail and bond decisions, and ensure that healthcare is delivered to the patients with the greatest need. By now, though, we know that algorithms can be just as biased as the human decision-makers they inform and replace.


						
What if that weren't a bad thing?

New research by Carey Morewedge, a Boston University Questrom School of Business professor of marketing and Everett W. Lord Distinguished Faculty Scholar, found that people recognize more of their biases in algorithms' decisions than they do in their own -- even when those decisions are the same. The research, publishing in the Proceedings of the National Academy of Sciences, suggests ways that awareness might help human decision-makers recognize and correct for their biases.

"A social problem is that algorithms learn and, at scale, roll out biases in the human decisions on which they were trained," says Morewedge, who also chairs Questrom's marketing department. For example: In 2015, Amazon tested (and soon scrapped) an algorithm to help its hiring managers filter through job applicants. They found that the program boosted resumes it perceived to come from male applicants, and downgraded those from female applicants, a clear case of gender bias.

But that same year, just 39 percent of Amazon's workforce were women. If the algorithm had been trained on Amazon's existing hiring data, it's no wonder it prioritized male applicants -- Amazon already was. If its algorithm had a gender bias, "it's because Amazon's managers were biased in their hiring decisions," Morewedge says.

"Algorithms can codify and amplify human bias, but algorithms also reveal structural biases in our society," he says. "Many biases cannot be observed at an individual level. It's hard to prove bias, for instance, in a single hiring decision. But when we add up decisions within and across persons, as we do when building algorithms, it can reveal structural biases in our systems and organizations."

Morewedge and his collaborators -- Begum Celiktutan and Romain Cadario, both at Erasmus University in the Netherlands -- devised a series of experiments designed to tease out people's social biases (including racism, sexism, and ageism). The team then compared research participants' recognition of how those biases colored their own decisions versus decisions made by an algorithm. In the experiments, participants sometimes saw the decisions of real algorithms. But there was a catch: other times, the decisions attributed to algorithms were actually the participants' choices, in disguise.




Across the board, participants were more likely to see bias in the decisions they thought came from algorithms than in their own decisions. Participants also saw as much bias in the decisions of algorithms as they did in the decisions of other people. (People generally better recognize bias in others than in themselves, a phenomenon called the bias blind spot.) Participants were also more likely to correct for bias in those decisions after the fact, a crucial step for minimizing bias in the future.

Algorithms Remove the Bias Blind Spot

The researchers ran sets of participants, more than 6,000 in total, through nine experiments. In the first, participants rated a set of Airbnb listings, which included a few pieces of information about each listing: its average star rating (on a scale of 1 to 5) and the host's name. The researchers assigned these fictional listings to hosts with names that were "distinctively African American or white," based on previous research identifying racial bias, according to the paper. The participants rated how likely they were to rent each listing.

In the second half of the experiment, participants were told about a research finding that explained how the host's race might bias the ratings. Then, the researchers showed participants a set of ratings and asked them to assess (on a scale of 1 to 7) how likely it was that bias had influenced the ratings.

Participants saw either their own rating reflected back to them, their own rating under the guise of an algorithm's, their own rating under the guise of someone else's, or an actual algorithm rating based on their preferences.

The researchers repeated this setup several times, testing for race, gender, age, and attractiveness bias in the profiles of Lyft drivers and Airbnb hosts. Each time, the results were consistent. Participants who thought they saw an algorithm's ratings or someone else's ratings (whether or not they actually were) were more likely to perceive bias in the results.




Morewedge attributes this to the different evidence we use to assess bias in others and bias in ourselves. Since we have insight into our own thought process, he says, we're more likely to trace back through our thinking and decide that it wasn't biased, perhaps driven by some other factor that went into our decisions. When analyzing the decisions of other people, however, all we have to judge is the outcome.

"Let's say you're organizing a panel of speakers for an event," Morewedge says. "If all those speakers are men, you might say that the outcome wasn't the result of gender bias because you weren't even thinking about gender when you invited these speakers. But if you were attending this event and saw a panel of all-male speakers, you're more likely to conclude that there was gender bias in the selection."

Indeed, in one of their experiments, the researchers found that participants who were more prone to this bias blind spot were also more likely to see bias in decisions attributed to algorithms or others than in their own decisions. In another experiment, they discovered that people more easily saw their own decisions influenced by factors that were fairly neutral or reasonable, such as an Airbnb host's star rating, compared to a prejudicial bias, such as race -- perhaps because admitting to preferring a five-star rental isn't as threatening to one's sense of self or how others might view us, Morewedge suggests.

Algorithms as Mirrors: Seeing and Correcting Human Bias

In the researchers' final experiment, they gave participants a chance to correct bias in either their ratings or the ratings of an algorithm (real or not). People were more likely to correct the algorithm's decisions, which reduced the actual bias in its ratings.

This is the crucial step for Morewedge and his colleagues, he says. For anyone motivated to reduce bias, being able to see it is the first step. Their research presents evidence that algorithms can be used as mirrors -- a way to identify bias even when people can't see it in themselves.

"Right now, I think the literature on algorithmic bias is bleak," Morewedge says. "A lot of it says that we need to develop statistical methods to reduce prejudice in algorithms. But part of the problem is that prejudice comes from people. We should work to make algorithms better, but we should also work to make ourselves less biased.

"What's exciting about this work is that it shows that algorithms can codify or amplify human bias, but algorithms can also be tools to help people better see their own biases and correct them," he says. "Algorithms are a double-edged sword. They can be a tool that amplifies our worst tendencies. And algorithms can be a tool that can help better ourselves."
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New device gathers, stores electricity in remote settings | ScienceDaily
Today wirelessly connected devices are performing an expanding array of applications, such as monitoring the condition of engines and machinery and remote sensing in agricultural settings. Systems known as the "Internet of Things" (IoT), hold much potential for improving the efficiency and safety of the equipment.


						
Yet stumbling blocks remain for IoT, thwarting many potential applications. How do you power these devices in situations where and when reliable electrical sources are not practically available?

Research from the University of Utah's College of Engineering points to a possible solution in the form of a novel type of battery called a pyroelectrochemical cell (PEC).

The device was developed and tested in the research labs of Roseanne Warren and Shad Roundy, both associate professors of mechanical engineering.

"It's our idea for an integrated device that could harvest ambient thermal energy and convert it directly into stored electrochemical energy in the form of a supercapacitor or battery with applications for the Internet of things and distributed sensors," said Warren, the senior author on a new study that demonstrates a proof of concept.

"We're talking very low levels of energy harvesting, but the ability to have sensors that can be distributed and not need to be recharged in the field is the main advantage," she added. "We explored the basic physics of it and found that it could generate a charge with an increase in temperature or a decrease in temperature."

The study is the cover feature in the March 21 edition of the journal Energy & Environmental Science, published by the Royal Society of Chemistry.




The device is charged by changing temperatures in the surrounding environment, whether it's inside a car or aircraft or just under the soil in an agricultural environment. In theory, the PEC could power sensors for IoT applications that would otherwise be impractical to recharge.

A solar cell would work fine in some situations, according to Roundy, a co-author of the study.

"But in a lot of environments, you run into two problems," said Roundy. "One is that it gets dirty over time. Solar cells have to be kept clean. So in these types of applications, they get dirty and their power degrades. And then there are a lot of applications where you just don't have sunlight available. For example, we work on soil sensors that we put just under the top surface of the soil. You're not going to get any sunlight."

The PEC uses a pyroelectric composite material, as the separator in an electrochemical cell. The material consists of porous polyvinylidene fluoride (PVDF) and barium titanate nanoparticles. This material's electrical properties change as it's heated or cooled, which decreases or increases the polarization of the pyroelectric separator

Changing temperatures create an electric field inside the cell, pushing ions around and enabling the cell store to energy.

"It stores electricity in what's called an electric double layer, which stores the charge in positive and negative layers of ions. This is a glorified capacitor," said lead author Tim Kowalchik, a graduate student in Warren's lab. "When you heat and cool the system and you're storing electrochemical energy, you're changing the amount of positive or negative ions that are in those layers."

The new study tested the lab's theory of how the cell would operate.




"We had a predicted model of function that included what we called an 'orientation effect' in the paper," Kowalchik said. "If we change the reverse the orientation of separator in the cell, it should drive ions the other way. This is a change we can make to the system that will show a different result that we can gather."

The team's experiments were set up to determine if the cells would respond as they predicted. Besides the orientation effect, there were heating vs. cooling effects that needed to be tested.

"If you heat the thing one way, you should get something to happen. If you cool it first, you should get something to happen and that should show up differently," Kowalchik said. "We did that with a process called amperometry. You put a voltage across it and you hold that voltage constant and measure current. Your energy into the system is constant if nothing changes; if there is energy going into the system, the current changes."

The cell did respond as the team theorized it would, but can it work outside a lab? That's the next question Warren seeks to address. One of her students is now undertaking circuit modeling to design a cell and optimize its function.

"Now we start to change different parameters," Warren said. "How can we improve the energy harvesting and storage and the combination of the two? And then after that would be a real-world field demonstration."

The cell could produce up to 100 microjoules per square centimeter from a single heating/cooling cycle, which is not much energy, but enough to be useful for IoT purposes, according to the research.

"You want to monitor the condition of your car, the condition of machines, the condition of plants and soil and those kinds of things. Those types of sensors are generally going to be quite a bit lower power than your smartwatch or your phone, which have a display and they're transmitting a lot of data," Roundy said. "The sensors we're talking about might just give periodic updates and they operate autonomously. They don't have an interface or a screen."

The study, titled "Direct Conversion of Thermal Energy to Stored Electrochemical Energy via a Self-Charging Pyroelectrochemical Cell," was funded by the National Science Foundation. Also contributing were Fariha Khan and Danielle Horlacher. Horlacher is an undergraduate art student who has been working for Warren's group on scientific illustrations. She created the above image that displayed on the cover of the journal.
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Cardiology team performs novel heart artery repair with newly approved device | ScienceDaily
UC Davis Health cardiology team members are among the first in the country to treat patients with tricuspid regurgitation, or a leaky heart valve, by using a groundbreaking catheter.


						
The minimally invasive procedure, a transcatheter edge-to-edge repair (TEER), is made possible with a new medical device called the Abbott TriClipTM system.

UC Davis Medical Center is one of the first sites nationwide to have commercial access to TriClip and is the first hospital in Western United States to utilize the system since it was approved by the U.S. Food and Drug Administration (FDA) last week. UC Davis also hosted clinical trials for the procedure in 2023.

"We are excited to offer our patients this novel treatment that offers meaningful improvement in quality of life without the high procedural risk often associated with tricuspid surgery," said Gagan D. Singh, associate professor of cardiovascular medicine and the surgeon who performed the first procedure at UC Davis Medical Center.

Tricuspid regurgitation is a condition in which the tricuspid valve of the heart fails to close completely. This can allow blood to leak backward into the atrium from the tricuspid valve, causing the patient's heart to pump harder to move blood through the valve.

Tricuspid regurgitation affects an estimated 1.6 million Americans. Symptoms include active pulsing in the neck veins, enlarged liver, fatigue and swelling throughout the body.

Current nonsurgical treatments include diuretics (medicines that help remove excess fluid and salt) and drugs aimed at easing symptoms. Left untreated, tricuspid regurgitation can lead to atrial fibrillation, heart failure, kidney disease and even death.




"Severe tricuspid regurgitation is a debilitating condition that is associated with substantial morbidity," said Jason H. Rogers, professor of cardiovascular medicine. "Patients with tricuspid regurgitation are extremely high risk for any type of surgical intervention, so historically they have just been monitored and treated with diuretics."

Tricuspid transcatheter edge-to-edge repair procedure

The human heart has four valves, and if any of them leak, there is no universal way to repair them. For example, the mitral valve can be repaired with a catheter-based system. But the same catheter can't be used on the tricuspid valve due to the valve's its location, thinness and variability.

The new system is designed specifically for the tricuspid valve's position, location and shape. With the patient under general anesthesia, the device is delivered to the heart through a catheter, starting in the groin and guided by X-ray and ultrasound. Once in place, the clip brings together portions of the leaflets (flaps of the valve), improving the seal and reducing the leaking.

The device was tested for its safety and clinical efficacy as part of the TRILUMINATE Pivotal trial. UC Davis Health was one of the sites with the highest enrollment rates in the national trial.

"This minimally invasive approach allows the heart to pump blood more efficiently and relieve symptoms of tricuspid regurgitation," said Rogers, who will be performing additional tricuspid TEER procedures.

A leader in transcatheter edge-to-edge repair

UC Davis Health has been a leader in transcatheter edge-to-edge repair for nearly two decades. In addition to the transcatheter tricuspid valve repair procedure, the medical center's cardiac services offer several minimally invasive catheter-based mitral valve procedures.

"Being one of the first centers in the country to offer commercial availability of the TriClip system is a true honor and a testament to the outstanding team-based approach to patient care at UC Davis Health," added Singh. "The UC Davis Structural Heart Team is among the best and most comprehensive in the nation. Our mission of providing complete, efficient and high-quality care to the patients we care for is what drives us to lead the field."
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Tiny plastic particles are found everywhere | ScienceDaily
It's not the first study on microplastics in Antarctica that researchers from the University of Basel and the Alfred-Wegener Institute (AWI) have conducted. But analysis of the data from an expedition in spring 2021 shows that environmental pollution from these tiny plastic particles is a bigger problem in the remote Weddell Sea than was previously known.


						
The total of 17 seawater samples all indicated higher concentrations of microplastics than in previous studies. "The reason for this is the type of sampling we conducted," says Clara Leistenschneider, doctoral candidate in the Department of Environmental Sciences at the University of Basel and lead author of the study.

The current study focused on particles measuring between 11 and 500 micrometers in size. The researchers collected them by pumping water into tanks, filtering it, and then analyzing it using infrared spectroscopy. Previous studies in the region had mostly collected microplastic particles out of the ocean using fine nets with a mesh size of around 300 micrometers. Smaller particles would simply pass through these plankton nets.

The results of the new study indicate that 98.3 percent of the plastic particles present in the water were smaller than 300 micrometers, meaning that they were not collected in previous samples. "Pollution in the Antarctic Ocean goes far beyond what was reported in past studies," Leistenschneider notes. The study appears in the journal Science of the Total Environment.

What role do ocean currents play?

The individual samples were polluted to different extents. The offshore samples, which were collected north of the continental slope and the Antarctic Slope Current, contained the highest concentrations of microplastics. The reasons for this are not conclusively known. It may be that the ice that tends to form near the coast retains the tiny plastic particles, and they are only released back into the water when the ice melts. It could also be the case that ocean currents play a role. "They might work like a barrier, reducing water exchange between the north and south," suggests Gunnar Gerdts from the AWI in Heligoland, Germany.

What is certainly true is that ocean currents are an important factor and the subject of many open questions in the field. So far the researchers have only examined water samples from the ocean surface, but not from lower depths. This is primarily due to limited time on the ship expeditions for taking samples and to equipment with insufficient pumping capacity. "It would nonetheless be revealing to analyze such data, since the deep currents differ greatly from the surface currents and thermohaline circulation leads to exchange with water masses from northern regions," Leistenschneider says.




It is also still unclear how the microplastics make their way to the Weddell Sea in the first place and whether they ever leave the region. The strong Antarctic Circumpolar Current, which flows all the way around the Antarctic Ocean at a latitude of about 60deg south, might prevent their departure. The researchers are also not yet able to say conclusively where the microplastics originate. Possible sources include regional ship traffic from the tourism, fishing and research industries, as well as research stations on land. However, the microplastics might also make their way to Antarctica from other regions via ocean currents or atmospheric transport.

Research leads to awareness

Clara Leistenschneider plans to focus next on analyzing the sediment samples she collected during the same expedition. This should provide information about how microplastics are accumulating on the sea floor, which is home to unique and sensitive organisms and is a breeding ground for Antarctic icefish (Bovichtidae).

With the increase in tourism in the Antarctic Ocean, pollution may increase even more in the future, further impacting the environment and the food chain.

Nonetheless, Leistenschneider remains cautiously optimistic: "Research on the topic has dramatically increased awareness in recent years of the problems that microplastics cause for the environment and all living organisms." Although there is no all-encompassing solution, she notes that a variety of stakeholders all over the world are working intensively to better understand the problem and develop innovative ideas to reduce plastic pollution. And, of course, "every individual who engages in environmentally-conscious behavior can bring about positive change."
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Could new technique for 'curving' light be the secret to improved wireless communication? | ScienceDaily
While cellular networks and Wi-Fi systems are more advanced than ever, they are also quickly reaching their bandwidth limits. Scientists know that in the near future they'll need to transition to much higher communication frequencies than what current systems rely on, but before that can happen there are a number of -- quite literal -- obstacles standing in the way.


						
Researchers from Brown University and Rice University say they've advanced one step closer to getting around these solid obstacles, like walls, furniture and even people -- and they do it by curving light.

In a new study published in Communications Engineering, the researchers describe how they are helping address one of the biggest logjams emerging in wireless communication. Current systems rely on microwave radiation to carry data, but it's become clear that the future standard for transmitting data will make use of terahertz waves, which have as much as 100 times the data-carrying capacity of microwaves. One longstanding issue has been that, unlike microwaves, terahertz signals can be blocked by most solid objects, making a direct line of sight between transmitter and receiver a logistical requirement.

"Most people probably use a Wi-Fi base station that fills the room with wireless signals," said Daniel Mittleman, a professor in Brown's School of Engineering and senior author of the study. "No matter where they move, they maintain the link. At the higher frequencies that we're talking about here, you won't be able to do that anymore. Instead, it's going to be a directional beam. If you move around, that beam is going to have to follow you in order to maintain the link, and if you move outside of the beam or something blocks that link, then you're not getting any signal."

The researchers circumvented this by creating a terahertz signal that follows a curved trajectory around an obstacle, instead of being blocked by it. The novel method unveiled in the study could help revolutionize wireless communication and highlights the future feasibility of wireless data networks that run on terahertz frequencies, according to the researchers.

"We want more data per second," Mittleman said. "If you want to do that, you need more bandwidth, and that bandwidth simply doesn't exist using conventional frequency bands."

In the study, Mittleman and his colleagues introduce the concept of self-accelerating beams. The beams are special configurations of electromagnetic waves that naturally bend or curve to one side as they move through space. The beams have been studied at optical frequencies but are now explored for terahertz communication.




The researchers used this idea as a jumping off point. They engineered transmitters with carefully designed patterns so that the system can manipulate the strength, intensity and timing of the electromagnetic waves that are produced. With this ability to manipulate the light, the researchers make the waves work together more effectively to maintain the signal when a solid object blocks a portion of the beam. Essentially, the light beam adjusts to the blockage by shuffling data along the patterns the researchers engineered into the transmitter. When one pattern is blocked, the data transfers to the next one, and then the next one if that is blocked. This keeps the signal link fully intact. Without this level of control, when the beam is blocked, the system can't make any adjustments, so no signal gets through.

This effectively makes the signal bend around objects as long as the transmitter is not completely blocked. If it is completely blocked, another way of getting the data to the receiver will be needed.

"Curving a beam doesn't solve all possible blockage problems, but what it does is solve some of them and it solves them in a way that's better than what others have tried," said Hichem Guerboukha, who led the study as a postdoctoral researcher at Brown and is now an assistant professor at the University of Missouri -- Kansas City.

The researchers validated their findings through extensive simulations and experiments navigating around obstacles to maintain communication links with high reliability and integrity. The work builds on a previous study from the team that showed terahertz data links can be bounced off walls in a room without dropping too much data.

By using these curved beams, the researchers hope to one day make wireless networks more reliable, even in crowded or obstructed environments. This could lead to faster and more stable internet connections in places like offices or cities where obstacles are common. Before getting to that point, however, there's much more basic research to be done and plenty of challenges to overcome as terahertz communication technology is still in its infancy.

"One of the key questions that everybody asks us is how much can you curve and how far away," Mittleman said. "We've done rough estimations of these things, but we haven't really quantified it yet, so we hope to map it out."
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Subterranean storage of hydrogen | ScienceDaily
Imagine a vast volume of porous sandstone reservoir, once full of oil and natural gas, now full of a different, carbon-free fuel -- hydrogen.


						
Scientists at Sandia National Laboratories are using computer simulations and laboratory experiments to see if depleted oil and natural gas reservoirs can be used for storing this carbon-free fuel. Hydrogen is an important clean fuel: It can be made by splitting water using solar or wind power, it can be used to generate electricity and power heavy industry, and it could be used to power fuel-cell-based vehicles. Additionally, hydrogen could be stored for months and used when energy needs outpace the supply delivered by renewable energy sources.

"Hydrogen would be good for seasonal and long-term storage," said Sandia chemical engineer Tuan Ho, who is leading the research. "If you think of solar energy, in the summer you can produce a lot of electricity, but you don't need a lot for heating. The excess can be turned into hydrogen and stored until winter."

However, hydrogen contains much less "bang" in a set volume than carbon-based fuels such as natural gas or propane and is much more difficult to compress, Ho said. This means storing huge amounts of hydrogen in metal tanks on the surface is just not feasible, he added.

Hydrogen can be stored underground in salt caverns, but salt deposits are not widespread across the U.S., said Don Conley, the manager for Sandia's underground hydrogen storage work. Therefore, Ho's team is studying if hydrogen stored in depleted oil and gas reservoirs will get stuck in the rock, leak out, or get contaminated.

Ho's team recently shared their findings in a paper published in the International Journal of Hydrogen Energy.

Leaky rocks or secure storage

First, Ho's team studied if hydrogen would get stuck in the sandstone or shale that forms the body and seal around many oil and gas reservoirs or leak out. Sandstone is composed of sand-sized grains of minerals and rocks that have been compressed over eons; sandstone has a lot of gaps between particles and thus can store water in aquifers or form oil and gas reservoirs. Shale is mud compressed into rock and is made up of much smaller particles of clay-rich minerals. Thus, shale can form a seal around sandstone, trapping oil and natural gas.




"You want the hydrogen to stay where you inject it," Ho said. "You don't want it to migrate away from the storage zone and get lost. That's just a waste of money, which is a big concern for any storage facility."

Ho's collaborators at the University of Oklahoma used experiments to study how hydrogen interacts with samples of sandstone and shale. They found that hydrogen does not stay inside sandstone after it is pumped out, but up to 10% of the adsorbed gas got stuck inside the shale sample, Ho said. These results were confirmed by Ho's computer simulations.

Taking a closer look at a specific type of clay that is common in the shale around oil and gas reservoirs, Ho conducted computer simulations of the molecular interactions between layers of montmorillonite clay, water and hydrogen. He found that hydrogen does not prefer to go into the watery gaps between mineral layers of that kind of clay.

This means that the loss of hydrogen in clay due to getting stuck or moving through it would be tiny, Ho said. This is quite positive for underground storage of hydrogen. These findings on clay were published last year in the journal Sustainable Energy and Fuels.

Additional absorption experiments are being conducted at Stevens Institute of Technology and the University of Oklahoma to confirm the molecular simulation results, Ho said.

Risks of contamination

Using both experiments and simulation, Ho's team found that residual natural gas can be released from the rock into the hydrogen when hydrogen is injected into a depleted natural gas reservoir. This means that when the hydrogen is removed for use, it will contain a small amount of natural gas, Ho said.




"That's not terrible because natural gas still has energy, but it contains carbon, so when this hydrogen is burned, it will produce a small amount of carbon dioxide," Ho said. "It's something we need to be aware of."

Ho's team, principally Sandia postdoctoral researcher Aditya Choudhary, is currently studying the effects of hydrogen on a depleted oil reservoir and how leftover oil might contaminate or interact with hydrogen gas using both molecular simulations and experiments.

The findings from Ho's research can be used to inform and guide large field-scale tests of underground hydrogen storage, said Conley, the manager for Sandia's portion of the Department of Energy Office of Fossil Energy and Carbon Management's Subsurface Hydrogen Assessment, Storage, and Technology Acceleration project. The SHASTA project plans to conduct such a field-scale test in the future to demonstrate the feasibility of depleted oil and natural gas reservoirs for hydrogen storage, he added.

Additional research is needed to understand how microorganisms and other chemicals in depleted petroleum reservoirs might interact with stored hydrogen, Ho said.

"If we want to create a hydrogen economy, we really need widely distributed means of storing large quantities of hydrogen," Conley said. "Storage in salt is excellent where it exists, but it can't be the sole option. So, we're turning to depleted oil and gas reservoirs and aquifers as more geologically distributed means of storing large quantities of hydrogen. It's all in the name of decarbonizing the energy sector."

The project is funded by Sandia's Laboratory Directed Research and Development program.
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A smarter city skyline for flood safety | ScienceDaily
A city's skyline -- the distinctive shapes and arrangements of its buildings -- impacts the safety of its population during floods. When the streets flood, pedestrians can be swept under the current and injured or killed. With climate change and rising urbanization, the likelihood and severity of urban flooding are increasing.


						
Not all city blocks are created equal. In Physics of Fluids, an AIP Publishing journal, researchers from Beijing Normal University, Beijing Hydrological Center, and the China Institute of Water Resources and Hydropower Research investigated how city design contributes to pedestrian safety during flooding.

"Climate change leads to an increasing trend of extreme precipitation events in terms of frequency and intensity," said author Zhong-Fan Zhu. "Rapid urbanization alters the hydrological properties of the underlying surface in urban areas. For example, previous forestland, wetland, and agricultural land have been paved to construct impervious, urban lands. These factors contribute to frequency occurrences of urban flood events."

The researchers experimentally identified the flood conditions that make pedestrians vulnerable and utilized computer simulations of different city block patterns, building heights, and street widths to assess the configurations that best protect people.

Each city has unique buildings and building configurations. The team simulated three different urban block layouts: buildings neatly arranged and equally spaced in columns and rows, buildings offset and staggered, and a square tightly outlined by buildings with just four buildings enclosed within.

When buildings are arranged in a line, as in the grid and enclosed layout, they provide a zone of safety by blocking some of the water and wind. The staggered approach has none of this protection and more danger zones due to increased water and wind circulation.

Altering the building shape can also protect pedestrians. Rounding or adding recesses to building corners significantly reduced areas of dangerously high floodwater and windspeed. However, this intervention also somewhat decreased the safety zone.




Wind was a critical, yet complex, factor in determining safety.

"In some cases, the floodwater does not cause pedestrian instability, but adding the wind force will lead to a dangerous situation," said Zhu. "However, in other cases, the wind will help to maintain pedestrian stability and protect against floodwater. It seems like that wind is like a 'double-edged sword.'"

Different building height arrangements can help mitigate the negative impacts of wind.

Cities looking to expand should consider enclosed block arrangements, buildings with rounded or even circular footprints, and potentially consult with a physicist.
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New technique lets scientists create resistance-free electron channels | ScienceDaily
An international research team led by Lawrence Berkeley National Laboratory (Berkeley Lab) has taken the first atomic-resolution images and demonstrated electrical control of a chiral interface state -- an exotic quantum phenomenon that could help researchers advance quantum computing and energy-efficient electronics.


						
The chiral interface state is a conducting channel that allows electrons to travel in only one direction, preventing them from being scattered backwards and causing energy-wasting electrical resistance. Researchers are working to better understand the properties of chiral interface states in real materials but visualizing their spatial characteristics has proved to be exceptionally difficult.

But now, for the first time, atomic-resolution images captured by a research team at Berkeley Lab and UC Berkeley have directly visualized a chiral interface state. The researchers also demonstrated on-demand creation of these resistance-free conducting channels in a 2D insulator.

Their work, which was reported in the journal Nature Physics, is part of Berkeley Lab's broader push to advance quantum computing and other quantum information system applications, including the design and synthesis of quantum materials to address pressing technological needs.

"Previous experiments have demonstrated that chiral interface states exist, but no one has ever visualized them with such high resolution. Our work shows for the first time what these 1D states look like at the atomic scale, including how we can alter them -- and even create them," said first author Canxun Zhang, a former graduate student researcher in Berkeley Lab's Materials Sciences Division and the Department of Physics at UC Berkeley. He is now a postdoctoral researcher at UC Santa Barbara.

Chiral interface states can occur in certain types of 2D materials known as quantum anomalous Hall (QAH) insulators that are insulators in bulk but conduct electrons without resistance at one-dimensional "edges" -- the physical boundaries of the material and interfaces with other materials.

To prepare chiral interface states, the team worked at Berkeley Lab's Molecular Foundry to fabricate a device called twisted monolayer-bilayer graphene, which is a stack of two atomically thin layers of graphene rotated precisely relative to one another, creating a moire superlattice that exhibits the QAH effect.




In subsequent experiments at the UC Berkeley Department of Physics, the researchers used a scanning tunneling microscope (STM) to detect different electronic states in the sample, allowing them to visualize the wavefunction of the chiral interface state. Other experiments showed that the chiral interface state can be moved across the sample by modulating the voltage on a gate electrode placed underneath the graphene layers. In a final demonstration of control, the researchers showed that a voltage pulse from the tip of an STM probe can "write" a chiral interface state into the sample, erase it, and even rewrite a new one where electrons flow in the opposite direction.

The findings may help researchers build tunable networks of electron channels with promise for energy-efficient microelectronics and low-power magnetic memory devices in the future, and for quantum computation making use of the exotic electron behaviors in QAH insulators.

The researchers intend to use their technique to study more exotic physics in related materials, such as anyons, a new type of quasiparticle that could enable a route to quantum computation.

"Our results provide information that wasn't possible before. There is still a long way to go, but this is a good first step," Zhang said.

The work was led by Michael Crommie,a senior faculty scientist in Berkeley Lab's Materials Sciences Division and physics professor at UC Berkeley.

Tiancong Zhu, a former postdoctoral researcher in the Crommie group at Berkeley Lab and UC Berkeley, contributed as co-corresponding author and is now a physics professor at Purdue University.

The Molecular Foundry is a DOE Office of Science user facility at Berkeley Lab.

This work was supported by the DOE Office of Science. Additional funding was provided by the National Science Foundation.
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BESSY II: How pulsed charging enhances the service time of batteries | ScienceDaily
An improved charging protocol might help lithium-ion batteries to last much longer. Charging with a high-frequency pulsed current reduces ageing effects, an international team demonstrated. The study was led by Philipp Adelhelm (HZB and Humboldt University) in collaboration with teams from the Technical University of Berlin and Aalborg University in Denmark. Experiments at the X-ray source BESSY II were particularly revealing.


						
Lithium-ion batteries are powerful, and they are used everywhere, from electric vehicles to electronic devices. However, their capacity gradually decreases over the course of hundreds of charging cycles. The best commercial lithium-ion batteries with electrodes made of so-called NMC532 (molecular formula: LiNi0.5Mn0.3Co0.2O2) and graphite have a service life of up to eight years. Batteries are usually charged with a constant current flow. But is this really the most favourable method? A new study by Prof Philipp Adelhelm's group at HZB and Humboldt-University Berlin answers this question clearly with no. The study in the journal Advanced Energy Materials analyses the effect of the charging protocol on the service time of the battery.

Ageing effects analysed 

Part of the battery tests were carried out at Aalborg University. The batteries were either charged conventionally with constant current (CC) or with a new charging protocol with pulsed current (PC). Post-mortem analyses revealed clear differences after several charging cycles: In the CC samples, the solid electrolyte interface (SEI) at the anode was significantly thicker, which impaired the capacity. The team also found more cracks in the structure of the NMC532 and graphite electrodes, which also contributed to the loss of capacity. In contrast, PC-charging led to a thinner SEI interface and fewer structural changes in the electrode materials.

Synchrotron experiments at BESSY II and PETRA III

HZB researcher Dr Yaolin Xu then led the investigation into the lithium-ion cells at Humboldt University and BESSY II with operando Raman spectroscopy and dilatometry as well as X-ray absorption spectroscopy to analyse what happens during charging with different protocols. Supplementary experiments were carried out at the PETRA III synchrotron. "The pulsed current charging promotes the homogeneous distribution of the lithium ions in the graphite and thus reduces the mechanical stress and cracking of the graphite particles. This improves the structural stability of the graphite anode," he concludes. The pulsed charging also suppresses the structural changes of NMC532 cathode materials with less Ni-O bond length variation.

The pulse current frequency is crucial

However, the frequency of the pulsed current counts: High-frequency PC charging protocols with square-wave current extend the service life of commercial LIBs the most, with a doubled cycle life (with 80% capacity retention) achieved in this study. Co-author Prof. Dr Julia Kowal, an expert in electrical energy storage technology at TU Berlin, emphasises: "Pulsed charging could bring many advantages in terms of the stability of the electrode materials and the interfaces and significantly extend the service life of batteries."
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How climate change will impact food production and financial institutions | ScienceDaily
Researchers at the University of California San Diego School of Global Policy and Strategy have developed a new method to predict the financial impacts climate change will have on agriculture, which can help support food security and financial stability for countries increasingly prone to climate catastrophes.


						
The study, published today in the Proceedings of the National Academy of Sciences, uses climate and agricultural data from Brazil. It finds that climate change has a cascading effect on farming, leading to increased loan defaults for one of the nation's largest public sector banks. Over the next three decades, climate-driven loan defaults could increase by up to 7%, according to the study.

The projections in the paper revealed that although temperatures are rising everywhere, there is substantial variation in what that looks like from region to region, which underscores the need to build distinct types of physical and financial resilience.

For example, parts of northern Brazil are predicted to have more dramatic seasonal swings around 2050, with heavier rainfall in winter and drier summers, so policymakers should be thinking about the need for water storage by building dams and reservoirs as well as increasing groundwater storage capacity. Conversely, central Brazil may have fairly steady weather, but will have higher overall temperatures, pointing to a need for heat-resistant crops.

The authors of the paper used a statistical approach pairing past climate data in Brazil with information on crop productivity, farm revenue and agricultural loan performance. They combined this data with climate simulations to predict future weather conditions and their impacts on farming and how those changes will affect financial institutions.

"A difficulty in studying climate impacts on agriculture is that there are all sorts of adaptations happening all the time that aren't easily observed, but are really important for understanding vulnerability and how risk is changing," said coauthor Jennifer Burney, professor of environmental science at UC San Diego's School of Global Policy and Strategy and Scripps Institution of Oceanography. "We were able to distinguish signals from different types of climate impacts and which ones led to this larger financial risk."

Systematic thinking about building resilience against climate change around the globe 

A key objective of the research is to support resilient food security under a changing climate, which requires understanding of when small climate shifts might have outsized impacts, spilling across regions or into other sectors through institutions like trade and banking.




Understanding the systemic risk posed by climate change is especially helpful for policymakers and disaster relief agencies, as climate change has increasingly become a national security threat. To that end, the statistical approach developed in the study could be applied around the globe.

"The technique we developed will help populations identify where they are most vulnerable, how climate change will hurt them the most economically and what institutions they should focus on to build resilience," said study coauthor Craig McIntosh, professor of economics at the School of Global Policy and Strategy.

For example, some governments in the Western Pacific region buy extra food on the global market in emerging El Nino years, when their own crop productivity suffers. The statistical approach used in the study could help governments around the world understand their own climate conditions and whether local, regional or international institutions will be best placed to address them.

The research could be especially helpful with the development of the loss and damage fund established by the United Nations in 2022. The fund is designed to help compensate developing nations that have contributed the least to the climate crisis but have been facing the brunt of its devastating floods, drought and sea-level rise.

"Our technique could help countries think about where the resilience returns would be highest for the money spent," said Krislert Samphantharak, professor of economics at the School of Global Policy and Strategy. "This technique also helps to identify where international reinsurance might be needed."

The "Empirical Modeling of Agricultural Climate Risk" study was also coauthored by Bruno Lopez-Videla, who earned a Ph.D. in economics from UC San Diego in 2021 and Alexandre Gori Maia of the Universidade Estadual de Campinas in Brazil.
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A pulse of innovation: AI at the service of heart research | ScienceDaily
Understanding heart function and disease, as well as testing new drugs for heart conditions, has long been a complex and time-consuming task. A promising way to study disease and test new drugs is to use cellular and engineered tissue models in a dish, but existing methods to study heart cell contraction and calcium handling require a good deal of manual work, are prone to errors, and need expensive specialized equipment. There clearly is a critical medical need for a more efficient, accurate, and accessible way to study heart function, using a methodology based on artificial intelligence (AI) and machine learning.


						
BeatProfiler, new tool to rapidly analyze heart cell function

Researchers at Columbia Engineering unveiled a groundbreaking new tool today that addresses these challenges head-on. BeatProfiler is a comprehensive software that automates the analysis of heart cell function from video data and is the first system to integrate the analysis of different heart function indicators, such as contractility, calcium handling, and force output into one tool, speeding up the process significantly and reducing the chance for errors. BeatProfiler enabled the researchers to not only distinguish between different diseases and levels of their severity but also to rapidly and objectively test drugs that affect heart function. The study was published on April 8 in IEEE Open Journal of Engineering in Medicine and Biology.

"This is truly a transformative tool," said project leader Gordana Vunjak-Novakovic, University Professor and the Mikati Foundation Professor of Biomedical Engineering, Medical Sciences, and Dental Medicine at Columbia. "It's fast, comprehensive, automated, and compatible with a broad range of computer platforms so it is easily accessible to investigators and clinicians."

Software is open-source

The team, which included Barry Fine, assistant professor of medicine (in Cardiology) at Columbia University Irving Medical Center, elected not to file a patent application, and instead are offering the AI software as open source, so it can be directly used -- for free -- by any lab. They believe that this is important for disseminating the results of their research, as well as for getting feedback from users in academic, clinical, and commercial labs that can help the team to further refine the software.

The need to diagnose heart disease quickly and accurately

This project was driven, like much of Vunjak-Novakovic's research, by a clinical need to diagnose heart diseases more quickly and accurately. This was a project that was several years in the making in which the team added different features piece by piece. While the overarching need was to develop a tool that could better capture the function of the cardiac models that the team was building to study cardiac diseases and assess the efficacy of potential therapeutics, the researchers had an urgent need to quickly and accurately assess the function of their cardiac models in real-time.




As the lab was making more and more cardiac tissues through innovations such as milliPillar and multiorgan tissue models, the increased capabilities of the tissues required the researchers to develop a method to more rapidly quantify the function of cardiomyocytes (heart muscle cells) and tissues to enable studies exploring genetic cardiomyopathies, cosmic radiation, immune-mediated inflammation, and drug discovery.

Collaborators in software development, machine learning, and more

In the last year and a half, lead author Youngbin Kim and his coauthors developed a graphical user interface (GUI) on top of the code so that biomedical researchers with no coding expertise could easily analyze the data with just a few clicks. This brought together experts in software development (for the GUI development), machine learning (for developing computer vision technology and disease/drug classifiers), signal processing (for processing contractile and calcium signals), engineering (translating pillar deflection on the cardiac platform to mechanical force), and user experience by lab members (to give feedback for improvements in the interface).

The results

The study showed that BeatProfiler could accurately analyze cardiomyocyte function, outperforming existing tools by being faster -- up to 50 times in some cases -- and more reliable. It detected subtle changes in engineered heat tissue force response that other tools might miss.

"This level of analysis speed and versatility is unprecedented in cardiac research," said Kim, a PhD candidate in Vunjak-Novakovic's lab at Columbia Engineering. "Using machine learning, the functional measurements analyzed by BeatProfiler helped us to distinguish between diseased and healthy heart cells with high accuracy and even to classify different cardiac drugs based on how they affect the heart."

What's next

The team is working to expand BeatProfiler's capabilities for new applications in heart research, including a full spectrum of diseases that affect the pumping of the heart, and drug development. To ensure that BeatProfiler can be applied to a wide variety of research questions, they are testing and validating its performance across additional in vitro cardiac models, including different engineered heart tissue models. They are also refining their machine-learning algorithm to extend and generalize its use to a variety of heart diseases and drug effect classification. The long-term goal is to adapt BeatProfiler to pharmaceutical settings to speed up the testing of hundreds of thousands of candidate drugs at once.
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Engineers design soft and flexible 'skeletons' for muscle-powered robots | ScienceDaily
Our muscles are nature's perfect actuators -- devices that turn energy into motion. For their size, muscle fibers are more powerful and precise than most synthetic actuators. They can even heal from damage and grow stronger with exercise.


						
For these reasons, engineers are exploring ways to power robots with natural muscles. They've demonstrated a handful of "biohybrid" robots that use muscle-based actuators to power artificial skeletons that walk, swim, pump, and grip. But for every bot, there's a very different build, and no general blueprint for how to get the most out of muscles for any given robot design.

Now, MIT engineers have developed a spring-like device that could be used as a basic skeleton-like module for almost any muscle-bound bot. The new spring, or "flexure," is designed to get the most work out of any attached muscle tissues. Like a leg press that's fit with just the right amount of weight, the device maximizes the amount of movement that a muscle can naturally produce.

The researchers found that when they fit a ring of muscle tissue onto the device, much like a rubber band stretched around two posts, the muscle pulled on the spring, reliably and repeatedly, and stretched it five times more, compared with other previous device designs.

The team sees the flexure design as a new building block that can be combined with other flexures to build any configuration of artificial skeletons. Engineers can then fit the skeletons with muscle tissues to power their movements.

"These flexures are like a skeleton that people can now use to turn muscle actuation into multiple degrees of freedom of motion in a very predictable way," says Ritu Raman, the Brit and Alex d'Arbeloff Career Development Professor in Engineering Design at MIT. "We are giving roboticists a new set of rules to make powerful and precise muscle-powered robots that do interesting things."

Raman and her colleagues report the details of the new flexure design in a paper appearing in the journal Advanced Intelligent Systems. The study's MIT co-authors include Naomi Lynch '12, SM '23; undergraduate Tara Sheehan; graduate students Nicolas Castro, Laura Rosado, and Brandon Rios; and professor of mechanical engineering Martin Culpepper.




Muscle pull

When left alone in a petri dish in favorable conditions, muscle tissue will contract on its own but in directions that are not entirely predictable or of much use.

"If muscle is not attached to anything, it will move a lot, but with huge variability, where it's just flailing around in liquid," Raman says.

To get a muscle to work like a mechanical actuator, engineers typically attach a band of muscle tissue between two small, flexible posts. As the muscle band naturally contracts, it can bend the posts and pull them together, producing some movement that would ideally power part of a robotic skeleton. But in these designs, muscles have produced limited movement, mainly because the tissues are so variable in how they contact the posts. Depending on where the muscles are placed on the posts, and how much of the muscle surface is touching the post, the muscles may succeed in pulling the posts together but at other times may wobble around in uncontrollable ways.

Raman's group looked to design a skeleton that focuses and maximizes a muscle's contractions regardless of exactly where and how it is placed on a skeleton, to generate the most movement in a predictable, reliable way.

"The question is: How do we design a skeleton that most efficiently uses the force the muscle is generating?" Raman says.




The researchers first considered the multiple directions that a muscle can naturally move. They reasoned that if a muscle is to pull two posts together along a specific direction, the posts should be connected to a spring that only allows them to move in that direction when pulled.

"We need a device that is very soft and flexible in one direction, and very stiff in all other directions, so that when a muscle contracts, all that force gets efficiently converted into motion in one direction," Raman says.

Soft flex

As it turns out, Raman found many such devices in Professor Martin Culpepper's lab. Culpepper's group at MIT specializes in the design and fabrication of machine elements such as miniature actuators, bearings, and other mechanisms, that can be built into machines and systems to enable ultraprecise movement, measurement, and control, for a wide variety of applications. Among the group's precision machined elements are flexures -- spring-like devices, often made from parallel beams, that can flex and stretch with nanometer precision.

"Depending on how thin and far apart the beams are, you can change how stiff the spring appears to be," Raman says.

She and Culpepper teamed up to design a flexure specifically tailored with a configuration and stiffness to enable muscle tissue to naturally contract and maximally stretch the spring. The team designed the device's configuration and dimensions based on numerous calculations they carried out to relate a muscle's natural forces with a flexure's stiffness and degree of movement.

The flexure they ultimately designed is 1/100 the stiffness of muscle tissue itself. The device resembles a miniature, accordion-like structure, the corners of which are pinned to an underlying base by a small post, which sits near a neighboring post that is fit directly onto the base. Raman then wrapped a band of muscle around the two corner posts (the team molded the bands from live muscle fibers that they grew from mouse cells), and measured how close the posts were pulled together as the muscle band contracted.

The team found that the flexure's configuration enabled the muscle band to contract mostly along the direction between the two posts. This focused contraction allowed the muscle to pull the posts much closer together -- five times closer -- compared with previous muscle actuator designs.

"The flexure is a skeleton that we designed to be very soft and flexible in one direction, and very stiff in all other directions," Raman says. "When the muscle contracts, all the force is converted into movement in that direction. It's a huge magnification."

The team found they could use the device to precisely measure muscle performance and endurance. When they varied the frequency of muscle contractions (for instance, stimulating the bands to contract once versus four times per second), they observed that the muscles "grew tired" at higher frequencies, and didn't generate as much pull.

"Looking at how quickly our muscles get tired, and how we can exercise them to have high-endurance responses -- this is what we can uncover with this platform," Raman says.

The researchers are now adapting and combining flexures to build precise, articulated, and reliable robots, powered by natural muscles.

"An example of a robot we are trying to build in the future is a surgical robot that can perform minimally invasive procedures inside the body," Raman says. "Technically, muscles can power robots of any size, but we are particularly excited in making small robots, as this is where biological actuators excel in terms of strength, efficiency, and adaptability."
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This 3D printer can figure out how to print with an unknown material | ScienceDaily
While 3D printing has exploded in popularity, many of the plastic materials these printers use to create objects cannot be easily recycled. While new sustainable materials are emerging for use in 3D printing, they remain difficult to adopt because 3D printer settings need to be adjusted for each material, a process generally done by hand.


						
To print a new material from scratch, one must typically set up to 100 parameters in software that controls how the printer will extrude the material as it fabricates an object. Commonly used materials, like mass-manufactured polymers, have established sets of parameters that were perfected through tedious, trial-and-error processes.

But the properties of renewable and recyclable materials can fluctuate widely based on their composition, so fixed parameter sets are nearly impossible to create. In this case, users must come up with all these parameters by hand.

Researchers tackled this problem by developing a 3D printer that can automatically identify the parameters of an unknown material on its own.

A collaborative team from MIT's Center for Bits and Atoms (CBA), the U.S. National Institute of Standards and Technology (NIST), and the National Center for Scientific Research in Greece (Demokritos) modified the extruder, the "heart" of a 3D printer, so it can measure the forces and flow of a material.

These data, gathered through a 20-minute test, are fed into a mathematical function that is used to automatically generate printing parameters. These parameters can be entered into off-the-shelf 3D printing software and used to print with a never-before-seen material.

The automatically generated parameters can replace about half of the parameters that typically must be tuned by hand. In a series of test prints with unique materials, including several renewable materials, the researchers showed that their method can consistently produce viable parameters.




This research could help to reduce the environmental impact of additive manufacturing, which typically relies on nonrecyclable polymers and resins derived from fossil fuels.

"In this paper, we demonstrate a method that can take all these interesting materials that are bio-based and made from various sustainable sources and show that the printer can figure out by itself how to print those materials. The goal is to make 3D printing more sustainable," says senior author Neil Gershenfeld, who leads CBA.

His co-authors include first author Jake Read a graduate student in the CBA who led the printer development; Jonathan Seppala, a chemical engineer in the Materials Science and Engineering Division of NIST; Filippos Tourlomousis, a former CBA postdoc who now heads the Autonomous Science Lab at Demokritos; James Warren, who leads the Materials Genome Program at NIST; and Nicole Bakker, a research assistant at CBA. The research is published in the journal Integrating Materials and Manufacturing Innovation.

Shifting material properties

In fused filament fabrication (FFF), which is often used in rapid prototyping, molten polymers are extruded through a heated nozzle layer-by-layer to build a part. Software, called a slicer, provides instructions to the machine, but the slicer must be configured to work with a particular material.

Using renewable or recycled materials in an FFF 3D printer is especially challenging because there are so many variables that affect the material properties.




For instance, a bio-based polymer or resin might be composed of different mixes of plants based on the season. The properties of recycled materials also vary widely based on what is available to recycle.

"In 'Back to the Future,' there is a 'Mr. Fusion' blender where Doc just throws whatever he has into the blender and it works ]as a power source for the DeLorean time machine]. That is the same idea here. Ideally, with plastics recycling, you could just shred what you have and print with it. But, with current feed-forward systems, that won't work because if your filament changes significantly during the print, everything would break," Read says.

To overcome these challenges, the researchers developed a 3D printer and workflow to automatically identify viable process parameters for any unknown material.

They started with a 3D printer their lab had previously developed that can capture data and provide feedback as it operates. The researchers added three instruments to the machine's extruder that take measurements which are used to calculate parameters.

A load cell measures the pressure being exerted on the printing filament, while a feed rate sensor measures the thickness of the filament and the actual rate at which it is being fed through the printer.

"This fusion of measurement, modeling, and manufacturing is at the heart of the collaboration between NIST and CBA, as we work develop what we've termed 'computational metrology,'" says Warren.

These measurements can be used to calculate the two most important, yet difficult to determine, printing parameters: flow rate and temperature. Nearly half of all print settings in standard software are related to these two parameters.

Deriving a dataset

Once they had the new instruments in place, the researchers developed a 20-minute test that generates a series of temperature and pressure readings at different flow rates. Essentially, the test involves setting the print nozzle at its hottest temperature, flowing the material through at a fixed rate, and then turning the heater off.

"It was really difficult to figure out how to make that test work. Trying to find the limits of the extruder means that you are going to break the extruder pretty often while you are testing it. The notion of turning the heater off and just passively taking measurements was the 'aha' moment," says Read.

These data are entered into a function that automatically generates real parameters for the material and machine configuration, based on relative temperature and pressure inputs. The user can then enter those parameters into 3D printing software and generate instructions for the printer.

In experiments with six different materials, several of which were bio-based, the method automatically generated viable parameters that consistently led to successful prints of a complex object.

Moving forward, the researchers plan to integrate this process with 3D printing software so parameters don't need to be entered manually. In addition, they want to enhance their workflow by incorporating a thermodynamic model of the hot end, which is the part of the printer that melts the filament.

This collaboration is now more broadly developing computational metrology, in which the output of a measurement is a predictive model rather than just a parameter. The researchers will be applying this in other areas of advanced manufacturing, as well as in expanding access to metrology.

This research is supported, in part, by the National Institute of Standards and Technology and the Center for Bits and Atoms Consortia.
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Inexplicable flying fox found in Hydra galaxy cluster | ScienceDaily

									National Institutes of Natural Sciences. "Inexplicable flying fox found in Hydra galaxy cluster." ScienceDaily. ScienceDaily, 8 April 2024. <www.sciencedaily.com/releases/2024/04/240408130801.htm>.
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New four-terminal tandem organic solar cell achieves 16.94% power conversion efficiency | ScienceDaily
Researchers at ICFO have fabricated a new four-terminal organic solar cell with a tandem configuration with a 16.94% power conversion efficiency (PCE). The new device is composed by a highly transparent front cell that incorporates a transparent ultrathin silver (Ag) electrode of only 7nm, which ensures its efficient operation.


						
Two-terminal tandem organic solar cells (OSCs) represent one of the most promising approaches to address the transmission and thermalization losses in single-junction solar cells. These organic solar cells consist of front and rear subcells with varying bandgaps, enabling broader absorption and use of the solar spectrum. However, achieving optimal performance in such configurations demands a sufficient current balance between the two subcells. Moreover, fabricating tandem organic solar cells of these types are challenging because they need a robust interconnection layer capable of facilitating efficient charge recombination while maintaining high transparency.

The four-terminal tandem configuration has emerged as a highly efficient alternative strategy in solar cell design. Unlike the two-terminal approach, this configuration features separate electrical connections for the transparent front cell and the opaque back cell. Consequently, the issue of electrical current matching is no longer a limiting factor. This setup enables greater flexibility in selecting the bandgaps of each cell of the tandem, thereby optimizing photon absorption and enhancing the overall efficiency of solar energy production.

Now, in a new study published in the Journal Solar RRL, ICFO researchers Francisco Bernal-Texca, and Prof. Jordi Martorell describe the fabrication of a four-terminal tandem organic solar cell that has achieved a 16.94% power conversion efficiency (PCE). Central to this achievement is the fabrication of an ultrathin transparent silver electrode, a critical component that played a pivotal role in optimizing the performance of the tandem solar cell.

To fabricate the new device, the researchers first explored the organic materials destined for the photoactive layer of both cells. They examined the effectiveness of three distinct blends for the front cell, which is designed to harvest the high-energy photons. The blend that performed the best, named PM6:L8-BO, was finally chosen. For the back opaque cell, the researchers decided to use the PTB7-Th:O6T-4F blend, with a narrow bandgap, which makes it better suited to absorb the infrared part of the spectrum (low-energy photons).

After choosing the blends, the researchers used a numerical approach to design the four-tandem OSC's final structure. They used the matrix formalism combined with the conventional inverse problem-solving methodology to find the optimal performance and the final configuration of the solar device.

The fabrication of an ultra-thin transparent silver electrode with a thickness of only 7nm was the key ingredient in the current research. This element was placed at the back of the front cell, ensuring a good light transmission to power the back cell. Conventional top Ag electrodes utilized for transparent solar cell applications typically range in thickness from 9 to 15 nm.




Its production demanded meticulous control of laboratory conditions to ensure precision and consistency. The electrode was then stacked with three dielectric layers alternating tungsten trioxide (WO3) and lithium fluoride (LiF). This photonic multilayer structure has a crucial role, because it is positioned between the two cells to facilitate efficient and uniform light distribution. "This structure exhibits a high transmission in the 750-1000 nm range and a high reflectivity in the 500-700 nm range," researchers wrote.

"The development of a transparent silver intermediate electrode is crucial for the efficient operation of the solar cell. It must present a delicate balance, being transparent enough to allow light to reach the back cell while maintaining high electrical conductivity to ensure the optimal performance of the front cell," said Francisco Bernal, ICFO researcher and first author of the study. "Being able to fabricate an electrode of only 7nm without observing losses in the front transparent cells is a significant advancement in the field of transparent cells."

The researchers tested the photovoltaic performance of the device under 1 sun of illumination with a solar simulator and measured its quantum efficiency. The device achieved a 16,94% of power conversion efficiency which, to date, would be the highest reached for a four-terminal tandem organic cell. The authors of the study remark that the current official record in efficiency for organic tandem devices is 14,2% and that the last reported PCE for 4-terminal organic tandems is 6.5% .

"Our research holds potential applications in photoelectochemical cells (PEC), addressing crucial electrical requirements such as providing the necessary voltage to surpass established for driving water splitting or CO2 reduction reactions like in SOREC2 project," explains Prof. Jordi Martorell, researcher at ICFO and SOREC2 project coordinator. "The methodology for the design and implementation of the four-terminal tandem structure could be applied to design news systems where an adequate distribution of light in the elements is crucial for the performance of a certain device."

The researchers are currently directing their focus towards refining, tuning and enhancing the methodology and structural design tailored for applications such as solar fuels, where tandem devices hold widespread applicability. By optimizing the methodology and design strategies, researchers aim to unlock the full potential of these devices in harnessing solar energy for diverse and sustainable energy conversion processes, such as CO2 conversion and valorization.
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Researchers developed new method for detecting heart failure with a smartphone | ScienceDaily
The new technology, which was created at the University of Turku and developed by the company CardioSignal, uses a smartphone to analyse heart movement and detect heart failure. The study involved five organisations from Finland and the United States.


						
Heart failure is a condition affecting tens of millions of people worldwide, in which the heart is unable to perform its normal function of pumping blood to the body. It is a serious condition that develops as a result of a number of cardiovascular diseases and its symptoms may require repeated hospitalisation.

Heart failure is challenging to diagnose because its symptoms, such as shortness of breath, abnormal fatigue on exertion, and swelling, can be caused by a number of conditions. There is no simple test available to detect it and diagnostics relies on an examination by a doctor, blood tests, and sophisticated imaging, such as an ultrasound scan of the heart.

Gyrocardiography is a non-invasive technique for measuring cardiac vibrations on the chest. The smartphone's built-in motion sensors can detect and record these vibrations, including those that doctors cannot hear with a stethoscope. The method has been developed over the last 10 years by researchers at the University of Turku and CardioSignal.

The researchers' latest study on using smartphone motion sensors to detect heart failure was carried out at the Turku and Helsinki University Hospitals in Finland and Stanford University Hospital in the US. Approximately 1,000 people took part in the study, of whom around 200 were patients suffering from heart failure. The study compared the data provided by the motion sensors in the heart failure patients and patients without heart disease.

"The results we obtained with this new method are promising and may in the future make it easier to detect heart failure," says Cardiologist Antti Saraste, one of the two main authors of the research article and the Professor of Cardiovascular Medicine at the University of Turku, Finland.

Precise detection uncovers heart failure

The researchers found that heart failure is associated with typical changes in the motion sensor data collected by a smartphone. On the basis of this data, the researchers were able to identify the majority of patients with heart failure.




The analysis of the movements detected by the gyroscope and accelerometer is so accurate that in the future it could provide healthcare professionals with a quick and easy way to detect heart failure.

"Primary healthcare has very limited tools for detecting heart failure. We can create completely new treatment options for remote monitoring of at-risk groups and for monitoring already diagnosed patients after hospitalisation," says CardioSignal's founding member and CEO, Cardiologist Juuso Blomster.

Consistent with several European countries, heart failure affects around 1-2% of the population in Finland, but it is much more common in older adults, affecting around one in ten people aged 70. Detecting heart failure is important as effective treatment can help to alleviate its symptoms. Accurate diagnosis and timely access to treatment can also reduce healthcare costs, which are driven up by emergency room visits and hospital stays, especially during exacerbations.

The joint research projects between CardioSignal and the University of Turku aim to promote people's health and reduce healthcare costs through innovation, improved disease diagnostics, and prevention of serious complications.
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Novel robust-optimal controllers based on fuzzy descriptor system | ScienceDaily
Nonlinear systems have applications in many diverse fields from robotics to economics. Unlike linear systems, the output is not proportional to the input is such systems. A classic example is the motion of a pendulum. Due to the inherent nature of nonlinear systems, their mathematical modelling and, consequently, control is difficult. In this context, the Takagi-Sugeno (T-S) fuzzy system emerges as a highly effective tool. This system leverages fuzzy logic to map input and output values to approximate a nonlinear system as multiple linear systems which are easier to model. Fuzzy logic is a form of mathematical logic in which, instead of requiring all statements to be true (1) or false (0), the truth values can be any value between 0 and 1. T-S fuzzy system has thus served as the foundation for several nonlinear control methods, with the Parallel Distributed Compensator (PDC) method being the most prominent.


						
Furthermore, scientists have developed an enhanced version of this system, known as the fuzzy descriptor system (FDS). It combines the T-S fuzzy system with the powerful space-state representation, which describes a physical system in terms of state variables, input variables, and output variables. Despite extensive research, optimal control strategies in the context of T-S FDSs are still largely unexplored. Additionally, while robust control methods, which protect against disturbances, have been explored for T-S FDS using methods like Linear Matrix Inequalities (LMI), these methods introduce additional complexity and optimization challenges.

To overcome these limitations, a group of researchers, led by Associate Professor Ngoc-Tam Bui from the Innovative Global Program of the College of Engineering at Shibaura Institute of Technology in Japan and including Thi-Van-Anh Nguyen, Quy-Thinh Dao, and Duc-Binh Pham, all from Hanoi University of Science and Technology, developed novel optimal and robust-optimal controllers based on the T-S fuzzy descriptor model. Their study was published in the journal Scientific Reports on March 07, 2024.

To develop the controllers, the team first utilized the powerful Lyapunov stability theory to establish the stability conditions for the mathematical model of the FDS. However, these stability conditions cannot be directly used. As Dr. Bui explains, "The stability conditions for the FDS model make it difficult to solve using established mathematical tools. To make them more amenable, we systematically transformed them into LMI." These modified conditions formed the basis for developing three controllers: the stability controller which uses PDC to manage deviations, the optimal controller which minimizes a cost function to obtain optimal control, and the robust-optimal controller which combines the benefits of both of them.

The researchers demonstrated the effectiveness of these controllers in controlling a rotary inverted pendulum, a challenging system comprising an inverted pendulum sitting on a rotating base. The problem is to keep the pendulum upright by controlling the rotation of the base. The researchers tested the performance of the controllers using distinct simulation scenarios. Simulations revealed that the stability controller effectively stabilized the system when the initial displacement angle was small, while with larger initial angles, there were more oscillations, and the settling time was higher. The high settling time was effectively addressed by the optimal controller, reducing it from 13 to 2 seconds, representing a six-fold reduction. Moreover, it also reduced the maximum amplitudes during oscillations.

The robust-optimal controller was tested using two different scenarios. In the first case, the mass of the pendulum bar was changed, while in the second, white noise was introduced into the control input. Compared to the optimal controller, it performed the same in the first scenario. However, the controller was considerably better in the second scenario, showing no oscillations while the optimal controller showed clear oscillations. Notably, the robust-optimal controller showed the lowest error values.

These results highlight the adaptability and potential of these controllers in practical scenarios. "The research findings hold promising implications for various real-life applications where stable control in dynamic and uncertain environments is paramount. Specifically, autonomous vehicles and industrial robots can achieve enhanced performance and adaptability using the proposed controllers," remarks Dr. Bui. "Overall, our research opens avenues for advancing control strategies in various domains, ultimately contributing to more capable autonomous systems, making transportationsafer, healthcare more effective, and manufacturing more efficient."
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Protecting art and passwords with biochemistry | ScienceDaily
Security experts fear Q- Day, the day when quantum computers become so powerful that they can crack today's passwords. Some experts estimate that this day will come within the next ten years. Password checks are based on cryptographic one- way functions, which calculate an output value from an input value. This makes it possible to check the validity of a password without transmitting the password itself: the one- way function converts the password into an output value that can then be used to check its validity in, say, online banking. What makes one- way functions special is that it's impossible to use their output value to deduce the input value -- in other words, the password. At least not with today's resources. However, future quantum computers could make this kind of inverse calculation easier.


						
Researchers at ETH Zurich have now presented a cryptographic one- way function that works differently from today's and will also be secure in the future. Rather than processing the data using arithmetic operations, it is stored as a sequence of nucleotides -- the chemical building blocks of DNA.

Based on true randomness

"Our system is based on true randomness. The input and output values are physically linked, and it's only possible to get from the input value to the output value, not the other way round," explains Robert Grass, a professor in the Department of Chemistry and Applied Biosciences. "Since it's a physical system and not a digital one, it can't be decoded by an algorithm, not even by one that runs on a quantum computer," adds Anne Luscher, a doctoral student in Grass's group. She is the lead author of the paper, which was published in the journal Nature Communications.

The researchers' new system can serve as a counterfeit- proof way of certifying the authenticity of valuable objects such as works of art. The technology could also be used to trace raw materials and industrial products.

How it works

The new biochemical one- way function is based on a pool of one hundred million different DNA molecules. Each of the molecules contains two segments featuring a random sequence of nucleotides: one segment for the input value and one for the output value. There are several hundred identical copies of each of these DNA molecules in the pool, and the pool can also be divided into several pools; these are identical because they contain the same random DNA molecules. The pools can be located in different places, or they can be built into objects.




Anyone in possession of this DNA pool holds the security system's lock. The polymerase chain reaction (PCR) can be used to test a key, or input value, which takes the form of a short sequence of nucleotides. During the PCR, this key searches the pool of hundreds of millions of DNA molecules for the molecule with the matching input value, and the PCR then amplifies the output value located on the same molecule. DNA sequencing is used to make the output value readable.

At first glance, the principle seems complicated. "However, producing DNA molecules with built- in randomness is cheap and easy," Grass says. The production costs for a DNA pool that can be divided up in this way are less than 1 Swiss franc. Using DNA sequencing to read out the output value is more time- consuming and expensive, but many biology laboratories already possess the necessary equipment.

Securing valuable goods and supply chains

ETH Zurich has applied for a patent on this new technology. The researchers now want to optimise and refine it to bring it to market. Because using the method calls for specialised laboratory infrastructure, the scientists think the most likely application for this form of password verification is currently for highly sensitive goods or for access to buildings with restricted access. This technology won't be an option for the broader public to check passwords until DNA sequencing in particular becomes easier.

A little more thought has already gone into the idea of using the technology for the forgery- proof certification of works of art. For instance, if there are ten copies of a picture, the artist can mark them all with the DNA pool -- perhaps by mixing the DNA into the paint, spraying it onto the picture or applying it to a specific spot.

If several owners later wish to have the authenticity of these artworks confirmed, they can get together, agree on a key (i.e. an input value) and carry out the DNA test. All the copies for which the test produces the same output value will have been proven genuine. The new technology could also be used to link crypto- assets such as NFTs, which exist only in the digital world, to an object and thus to the physical world.

Furthermore, it would support counterfeit- proof tracking along supply chains of industrial goods or raw materials. "The aviation industry, for example, has to be able to provide complete proof that it uses only original components. Our technology can guarantee traceability," Grass says. In addition, the method could be used to label the authenticity of original medicines or cosmetics.
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Scientists unveil cutting-edge ruthenium catalyst for new reaction discovery and optimization | ScienceDaily
Researchers at The University of Manchester have achieved a groundbreaking advancement in catalyst technology.


						
They have developed a new catalyst which has been shown to have a wide variety of uses and the potential to streamline optimisation processes in industry and support new scientific discoveries.

Catalysts, often considered the unsung heroes of chemistry, are instrumental in accelerating chemical reactions, and play a crucial role in the creation of most manufactured products. For example, the production of polyethylene, a common plastic used in various everyday items such as bottles and containers or found in cars to convert harmful gases from the engine's exhaust into less harmful substances.

Among these, ruthenium -- a platinum group metal -- has emerged as an important and commonly used catalyst. However, while a powerful and cost-effective material, highly reactive ruthenium catalysts have long been hindered by their sensitivity to air, posing significant challenges in their application. This means their use has so far been confined to highly trained experts with specialised equipment, limiting the full adoption of ruthenium catalysis across industries.

Today, in the journal Nature Chemistry, scientists at The University of Manchester working with collaborators at global biopharmaceutical company AstraZeneca unveil a ruthenium catalyst proven to be long-term stable in air while maintaining the high reactivity necessary to facilitate transformative chemical processes.

Lead author Gillian McArthur, PhD student at The University of Manchester, said: "We are extremely excited about this discovery. Our new ruthenium catalyst boasts unparalleled reactivity, while maintaining stability in air -- a feat previously thought unattainable.

"As well as eliminating the need for specialised equipment or handling procedures, it also enables the user to run simultaneous reactions, facilitating rapid screening and streamlining optimisation procedures. This means procedures are quicker, more environmentally friendly and the accumulation of large amounts of waste is prevented."

The discovery allows for simple handling and implementation processes and has shown versatility across a wide array of chemical transformations, making it accessible for non-specialist users to exploit ruthenium catalysis. Collaborative efforts with AstraZeneca demonstrate this new catalyst's applicability to industry, particularly in developing efficient and sustainable drug discovery and manufacturing processes.

Dr James Douglas, Director of High-Throughput Experimentation who collaborated on the project from AstraZeneca said: "Catalysis is a critical technology for AstraZeneca and the wider biopharmaceutical industry, especially as we look to develop and manufacture the next generation of medicines in a sustainable way. This new catalyst is a great addition to the toolbox and we are beginning to explore and understand its industrial applications."

The new approach has already led to the discovery of new reactions that have never been reported with ruthenium and with its enhanced versatility and accessibility, the researchers anticipate further advancements and innovations in the field.
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Using pulp and paper waste to scrub carbon from emissions | ScienceDaily
Researchers at McGill University have come up with an innovative approach to improve the energy efficiency of carbon conversion, using waste material from pulp and paper production. 


						
The technique they've pioneered using the Canadian Light Source at the University of Saskatchewan not only reduces the energy required to convert carbon into useful products, but also reduces overall waste in the environment.

"We are one of the first groups to combine biomass recycling or utilization with CO2 capture," said Ali Seifitokaldani, Assistant Professor in the Department of Chemical Engineering and Canada Research Chair (Tier II) in Electrocatalysis for Renewable Energy Production and Conversion. The research team, from McGill's Electrocatalysis Lab, published their findings in the journal RSC Sustainability.

Capturing carbon emissions is one of the most exciting emerging tools to fight climate change. The biggest challenge is figuring out what to do with the carbon once the emissions have been removed, especially since capturing CO2 can be expensive. The next hurdle is that transforming CO2 into useful products takes energy. Researchers want to make the conversion process as efficient and profitable as possible.
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How mosquito larva guts could help create highly specific insecticides | ScienceDaily

Though mosquito insecticides exist, the pests are developing resistances, and advancements are needed to reduce their numbers and slow the spread of pathogens they carry, including the malaria parasite and the Zika and dengue viruses. Fortunately for scientists, the digestive system of certain mosquito larvae, including Ae. aegypti, is unique: A pH spikes at the beginning of their midgut, creating a highly alkaline region, then tapers off to a more neutral pH environment as digestion continues. So, Michael Riehle, John Jewett and colleagues wanted to develop molecular probes that would react to this change in pH, only "activating" in the alkaline portion of the midgut.

The team synthesized two base-reactive molecules and a control molecule for their test probes. These were each introduced to groups of 30 to 40 mosquito larvae, which took them up via filter feeding and passed them through their digestive systems. In the alkaline midgut, the two new base-reactive molecules underwent a series of chemical changes, allowing them to bind to proteins in the gut and be detected by the researchers using fluorescence. Larvae that ingested the control molecule did not exhibit this fluorescence. Reaching and labeling larval gut proteins with these molecular probes creates targets that could one day be used to develop new insecticides, according to the team. Additionally, since most organisms have neutral or acidic digestive systems, these alkaline-specific molecular probes wouldn't affect them, minimizing possible side effects and making future insecticides highly specific for their target. The researchers say that this specificity and adaptability could make insecticides more resilient to change and more effective at fighting mosquito-borne illnesses.

The authors acknowledge funding from the National Science Foundation, the 2023 Technology Research Initiative Fund and the National Institutes of Health.
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PFAS 'forever chemicals' above drinking water guidelines in global source water | ScienceDaily
Per-and poly-fluoroalkyl substances -- commonly known as PFAS -- are a group of over 14,000 human-made chemicals that have been popular since the 1950s for their diverse skills in resisting heat, water, grease and stains.


						
They've been commonly found in household products like non-stick frypans, clothing, cosmetics, insecticides, and food packaging, as well as specialty industry products, like firefighting foam.

But despite their broad skillset, the chemicals have a dark side: they're known as 'forever chemicals' as once they're in the environment -- or our bodies -- they don't degrade further.

PFAS have been linked to environmental and health issues, including some cancers, but a lot remains unknown about the true scale and potential impacts of the problem -- including how much is in our water supply.

A new UNSW-led international study, published today in Nature Geoscience, assessed the levels of PFAS contamination in surface and ground water around the globe.

It found that much of our global source water exceeds PFAS safe drinking limits.

"Many of our source waters are above PFAS regulatory limits," says senior author of the study, UNSW Engineering Professor Denis O'Carroll.




"We already knew that PFAS is pervasive in the environment, but I was surprised to find out the large fraction of source waters that are above drinking water advisory recommendations," he says. "We're talking above 5 per cent, and it goes over 50 per cent in some cases."

The research team pulled together PFAS measurements from sources around the world, including government reports, databases, and peer-reviewed literature. Altogether, they collated more than 45,000 data points, which span over roughly 20 years.

It's the first study to quantify the environmental burden of PFAS on a global scale.

The study also found high concentrations of PFAS in Australia, with many locations above recommended drinking water levels. This tended to be in areas where firefighting foams had been used in the past, like military institutions and fire training facilities.

Prof. O'Carroll stresses that these PFAS traces are found in source water, such as dams, and not drinking water itself -- drinking water goes through treatment plants, some of which are designed to reduce the amount of chemicals such as PFAS in our water before it comes out of the tap.

But some water providers -- for example, Sydney Water -- don't routinely measure the broad range of PFAS potentially in our drinking water, says Prof. O'Carroll.




"Drinking water is largely safe, and I don't hesitate drinking it," he says. "I also don't suggest that bottled water is better, because it doesn't mean that they've done anything differently than what comes out of the tap.

"But I certainly think that monitoring PFAS levels and making the data easily available is worthwhile."

A contentious debate: how much PFAS is too much?

Most people in Australia -- and in many places around the world -- are likely to have low levels of PFAS in their bodies.

But the potential health risks of PFAS chemicals are poorly understood and haven't been agreed on universally.

According to an Australian Government expert health panel, there is limited to no evidence that PFAS poses clinically significant harm to human health -- although further afield, peak bodies in the US and Europe suggest that PFAS is linked to adverse health outcomes, such as lower birth weight in babies, higher levels of cholesterol, reduced kidney function, thyroid disease, altered sex?hormone levels, reduced vaccine response, and liver, kidney, and testicular cancers.

In 2023, the World Health Organisation (WHO) declared PFOA, a type of PFAS, a category one human carcinogen.

While PFAS has been linked to many of these health outcomes, they haven't necessarily been shown to cause them -- but given the potential risks and 'forever' nature of these chemicals, many regulatory bodies have tightened PFAS use and introduced safe drinking water limits as a precaution.

"Two forms of PFAS initially raised of concerns about 20 years ago: PFOS and PFOA," says Prof. O'Carroll.

"These chemicals are regulated to different extents around the world. In the US, the proposed drinking water limits for PFOS and PFOA are four nanograms per litre."

A third PFAS is also regulated in Australia, called PFHxS. Here, the sum of PFOS and PFHxS is limited to 70 nanograms per litre -- well above the four nanograms per litre combined PFOS and PFOA limit in the US.

But our acceptable levels for PFOA in drinking water is even higher.

"PFOA, on the other hand, is regulated in Australia at 560 nanograms per litre, which is two orders of magnitude higher than in the US," says Prof. O'Carroll.

While Australia's limits seem relaxed compared to the US, both countries' recommended drinking water guidelines pale when compared to Canada's: here, rather than limiting only two or three forms of PFAS in drinking water, Canada tallies up the sum of all 14,000 PFAS and limits the overall number to 30 nanograms per litre.

The study found that 69 per cent of global groundwater samples with no known contamination source exceeded Health Canada's safe drinking water criteria, while 32 per cent of the same samples exceeded the US's proposed drinking water hazard index.

"There's debate about what level PFAS should be regulated to," says Prof. O'Carroll. "Australia has much higher limits than the US, but the question is why.

"Both health bodies would have different reasoning for that, and there's not a really strong consensus here."

An underestimated risk

The study suggests that actual PFAS pollution in global water resources could be higher than suspected.

This is, in part, due to us only monitoring and regulating a limited number of the 14,000 PFAS in existence, and also because the levels of PFAS in consumer products are higher than expected.

"There's a real unknown amount of PFAS that we're not measuring in the environment," says Prof. O'Carroll. "Commercial products like garments and food packaging have a lot more PFAS in them than we realise.

"This means we're likely underestimating the environmental burden posed by PFAS."

Prof. O'Carroll and his team are now trying to develop their research by quantifying these levels of PFAS from commercial products in the environment.

They're also working to develop technologies that can degrade PFAS in drinking water systems, and looking at developing predictive models that determine where PFAS will go in the environment.

"Part of this is figuring out how PFAS will associate with different parts of the environment and our bodies -- proteins, for example," says Prof. O'Carroll.

These studies will be in progress over the next two years and aim to be completed by 2026.

In the meantime, Prof. O'Carroll says manufacturers and consumers alike need to be careful and do our due diligence when using products containing PFAS.

"We manufacture and distribute a lot of chemicals without having a full assessment on their potential health impacts," he says.

"We should have judicious use of some of these chemicals. Just because they're available, doesn't mean that we should use them."
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How the moon turned itself inside out | ScienceDaily
About 4.5 billion years ago, a small planet smashed into the young Earth, flinging molten rock into space. Slowly, the debris coalesced, cooled and solidified, forming our moon. This scenario of how the Earth's moon came to be is the one largely agreed upon by most scientists. But the details of how exactly that happened are "more of a choose-your-own adventure novel," according to researchers in the University of Arizona Lunar and Planetary Laboratory who published a paper in Nature Geoscience. The findings offer important insights into the evolution of the lunar interior, and potentially for planets such as the Earth or Mars.


						
Most of what is known about the origin of the moon comes from analyses of rock samples, collected by Apollo astronauts more than 50 years ago, combined with theoretical models. The samples of basaltic lava rocks brought back from the moon showed surprisingly high concentrations of titanium. Later satellite observations found that these titanium-rich volcanic rocks are primarily located on the moon's nearside, but how and why they got there has remained a mystery -- until now.

Because the moon formed fast and hot, it was likely covered by a global magma ocean. As the molten rock gradually cooled and solidified, it formed the moon's mantle and the bright crust we see when we look up at a full moon at night. But deeper below the surface, the young moon was wildly out of equilibrium. Models suggest that the last dregs of the magma ocean crystallized into dense minerals including ilmenite, a mineral containing titanium and iron.

"Because these heavy minerals are denser than the mantle underneath, it creates a gravitational instability, and you would expect this layer to sink deeper into the moon's interior," said Weigang Liang, who led the research as part of his doctoral work at LPL.

Somehow, in the millennia that followed, that dense material did sink into the interior, mixed with the mantle, melted and returned to the surface as titanium-rich lava flows that we see on the surface today.

"Our moon literally turned itself inside out," said co-author and LPL associate professor Jeff Andrews-Hanna. "But there has been little physical evidence to shed light on the exact sequence of events during this critical phase of lunar history, and there is a lot of disagreement in the details of what went down -- literally."

Did this material sink as it formed a little at a time, or all at once after the moon had fully solidified? Did it sink into the interior globally and then rise up on the near side, or did it migrate to the near side and then sink? Did it sink in one big blob, or several smaller blobs?




"Without evidence, you can pick your favorite model. Each model holds profound implications for the geologic evolution of our moon," said co-lead author Adrien Broquet of the German Aerospace Center in Berlin, who did the work during his time as a postdoctoral research associate at LPL.

In a previous study, led by Nan Zhang at Peking University in Beijing, who is also a co-author on the latest paper, models predicted that the dense layer of titanium-rich material beneath the crust first migrated to the near side of the moon, possibly triggered by a giant impact on the far side, and then sunk into the interior in a network of sheetlike slabs, cascading into the lunar interior almost like waterfalls. But when that material sank, it left behind a small remnant in a geometric pattern of intersecting linear bodies of dense titanium-rich material beneath the crust.

"When we saw those model predictions, it was like a lightbulb went on," said Andrews-Hanna, "because we see the exact same pattern when we look at subtle variations in the moon's gravity field, revealing a network of dense material lurking below the crust."

In the new study, the authors compared simulations of a sinking ilmenite-rich layer to a set of linear gravity anomalies detected by NASA's GRAIL mission, whose two spacecraft orbited the moon between 2011 and 2012, measuring tiny variations in its gravitational pull. These linear anomalies surround a vast dark region of the lunar near side covered by volcanic flows known as mare (Latin for "sea").

The authors found that the gravity signatures measured by the GRAIL mission are consistent with ilmenite layer simulations, and that the gravity field can be used to map out the distribution of the ilmenite remnants left after the sinking of the majority of the dense layer.

"Our analyses show that the models and data are telling one remarkably consistent story," Liang said. "Ilmenite materials migrated to the near side and sunk into the interior in sheetlike cascades, leaving behind a vestige that causes anomalies in the moon's gravity field, as seen by GRAIL."

The team's observations also constrain the timing of this event: The linear gravity anomalies are interrupted by the largest and oldest impact basins on the near side and therefore must have formed earlier. Based on these cross-cutting relationships, the authors suggest that the ilmenite-rich layer sank prior to 4.22 billion years ago, which is consistent with it contributing to later volcanism seen on the lunar surface.




"Analyzing these variations in the moon's gravity field allowed us to peek under the moon's surface and see what lies beneath," said Broquet, who worked with Liang to show that the anomalies in the moon's gravitational field match what would be expected for the zones of dense titanium-rich material predicted by computer simulation models of lunar overturn.

Lopsided moon

While the detection of lunar gravity anomalies provides evidence for the sinking of a dense layer in the moon's interior and allows for a more precise estimate of how and when this event occurred, what we see on the surface of the moon adds even more intrigue to the story, according to the research team.

"The moon is fundamentally lopsided in every respect," Andrews-Hanna said, explaining that the near side facing the Earth, and particularly the dark region known as Oceanus Procellarum region, is lower in elevation, has a thinner crust, is largely covered in lava flows, and has high concentrations of typically rare elements like titanium and thorium. The far side differs in each of these respects. Somehow, the overturn of the lunar mantle is thought to be related to the unique structure and history of the near side Procellarum region. But the details of that overturn have been a matter of considerable debate among scientists.

"Our work connects the dots between the geophysical evidence for the interior structure of the moon and computer models of its evolution," Liang added.

"For the first time we have physical evidence showing us what was happening in the moon's interior during this critical stage in its evolution, and that's really exciting," Andrews-Hanna said. "It turns out that the moon's earliest history is written below the surface, and it just took the right combination of models and data to unveil that story."

"The vestiges of early lunar evolution are present below the crust today, which is mesmerizing," Broquet said. "Future missions, such as with a seismic network, would allow a better investigation of the geometry of these structures."

Liang added: "When the Artemis astronauts eventually land on the moon to begin a new era of human exploration, we will have a very different understanding of our neighbor than we did when the Apollo astronauts first set foot on it."
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Climate change threatens Antarctic meteorites | ScienceDaily
Using artificial intelligence, satellite observations, and climate model projections, a team of researchers from Switzerland and Belgium calculate that for every tenth of a degree of increase in global air temperature, an average of nearly 9,000 meteorites disappear from the surface of the ice sheet. This loss has major implications, as meteorites are unique samples of extraterrestrial bodies that provide insights into the origin of life on Earth and the formation of the Moon.


						
Disappearing at an alarming rate

By 2050, about a quarter of the estimated of 300,000 -- 800,000 meteorites in Antarctica will be lost due to glacial melt. By end of the century, researchers anticipate that number could rise approaching a loss of meteorites closer to three-quarters of the meteorites on the continent under a high-warming scenario.

Published in the journal Nature Climate Change, Harry Zekollari co-led the study while working under Professor Daniel Farinotti in the Laboratory of Hydraulics, Hydrology and Glaciology at the Department of Civil, Environmental and Geomatic Engineering at ETH Zurich. Zekollari and co-lead Veronica Tollenaar, Universite Libre de Bruxelles, reveal in the study that ongoing warming results in the loss of about 5,000 meteorites a year, outpacing the collection efforts of Antarctic meteorites by a factor five.

Meteorites -- time capsules of the universe

Zekollari, now an Associate Professor of Glaciology at Vrije Universiteit Brussel, calls for a major international effort to preserve the scientific value of meteorites, "We need to accelerate and intensify efforts to recover Antarctic meteorites. The loss of Antarctic meteorites is much like the loss of data that scientists glean from ice cores collected from vanishing glaciers -- once they disappear, so do some of the secrets of the universe."

Meteorites are fragments from space that provide unique information about our solar system. Antarctica is the most prolific place to find meteorites, and to date, about 60 percent of all meteorites ever found on Earth have been collected from the surface of the Antarctic ice sheet. The flow of the ice sheet concentrates meteorites in so-called "meteorite stranding zones," where their dark crust allows them to be easily detected. In addition to intensifying recovery operations, there is potential to increase the efficiency of meteorite recovery missions in the short term. This potential relies mainly on data-driven analysis to identify unexplored meteorite stranding zones and mapping areas exposing blue ice where meteorites are often found.




Extraterrestrial heritage slipping away

Due to their dark colour, meteorites preferentially heat up with respect to the surrounding ice. As this heat transfers from the meteorites to the ice, it can warm up the ice, and eventually cause the ice to locally melt, leading to a sinking of meteorites underneath the surface of the ice sheet. Once the meteorites enter the ice sheet, even at shallow depths, they cannot be detected anymore, and they are thus lost for science.

As atmospheric temperatures increase, so does the surface temperature of the ice, intensifying the loss. "Even when temperatures of the ice are well below zero, the dark meteorites warm-up so much in the sun that they can melt the ice directly beneath the meteorite. Through this process, the warm meteorite creates a local depression in the ice and over time fully disappears under the surface," says Tollenaar.

Scientists conclude that in the long-term, the only way to preserve most of the remaining unrecovered Antarctic meteorites is to rapidly reduce greenhouse gas emissions.
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How scientists are accelerating chemistry discoveries with automation | ScienceDaily
A new automated workflow developed by scientists at Lawrence Berkeley National Laboratory (Berkeley Lab) has the potential to allow researchers to analyze the products of their reaction experiments in real time, a key capability needed for future automated chemical processes.


						
The developed workflow -- which applies statistical analysis to process data from nuclear magnetic resonance (NMR) spectroscopy -- could help speed the discovery of new pharmaceutical drugs, and accelerate the development of new chemical reactions.

The Berkeley Lab scientists who developed the groundbreaking technique say that the workflow can quickly identify the molecular structure of products formed by chemical reactions that have never been studied before. They recently reported their findings in the Journal of Chemical Information and Modeling.

In addition to drug discovery and chemical reaction development, the workflow could also help researchers who are developing new catalysts. Catalysts are substances that facilitate a chemical reaction in the production of useful new products like renewable fuels or biodegradable plastics.

"What excites people the most about this technique is its potential for real-time reaction analysis, which is an integral part of automated chemistry," said first author Maxwell C. Venetos, a former researcher in Berkeley Lab's Materials Sciences Division and former graduate student researcher in materials sciences at UC Berkeley. He completed his doctoral studies last year. "Our workflow really allows you to start pursuing the unknown. You are no longer constrained by things that you already know the answer to."

The new workflow can also identify isomers, which are molecules with the same chemical formula but different atomic arrangements. This could greatly accelerate synthetic chemistry processes in pharmaceutical research, for example. "This workflow is the first of its kind where users can generate their own library, and tune it to the quality of that library, without relying on an external database," Venetos said.

Advancing new applications

In the pharmaceutical industry, drug developers currently use machine-learning algorithms to virtually screen hundreds of chemical compounds to identify potential new drug candidates that are more likely to be effective against specific cancers and other diseases. These screening methods comb through online libraries or databases of known compounds (or reaction products) and match them with likely drug "targets" in cell walls.




But if a drug researcher is experimenting with molecules so new that their chemical structures don't yet exist in a database, they must typically spend days in the lab to sort out the mixture's molecular makeup: First, by running the reaction products through a purification machine, and then using one of the most useful characterization tools in a synthetic chemist's arsenal, an NMR spectrometer, to identify and measure the molecules in the mixture one at a time.

"But with our new workflow, you could feasibly do all of that work within a couple of hours," Venetos said. The time-savings come from the workflow's ability to rapidly and accurately analyze the NMR spectra of unpurified reaction mixtures that contain multiple compounds, a task that is impossible through conventional NMR spectral analysis methods.

"I'm very excited about this work as it applies novel data-driven methods to the age-old problem of accelerating synthesis and characterization," said senior author Kristin Persson, a faculty senior scientist in Berkeley Lab's Materials Sciences Division and UC Berkeley professor of materials science and engineering who also leads the Materials Project.

Experimental results

In addition to being much faster than benchtop purification methods, the new workflow has the potential to be just as accurate. NMR simulation experiments performed using the National Energy Research Scientific Computing Center (NERSC) at Berkeley Lab with support from the Materials Project showed that the new workflow can correctly identify compound molecules in reaction mixtures that produce isomers, and also predict the relative concentrations of those compounds.

To ensure high statistical accuracy, the research team used a sophisticated algorithm known as Hamiltonian Monte Carlo Markov Chain (HMCMC) to analyze the NMR spectra. They also performed advanced theoretical calculations based on a method called density-functional theory.




Venetos designed the automated workflow as open source so that users can run it on an ordinary desktop computer. That convenience will come in handy for anyone from industry or academia.

The technique sprouted from conversations between the Persson group and experimental collaborators Masha Elkin and Connor Delaney, former postdoctoral researchers in the John Hartwig group at UC Berkeley. Elkin is now a professor of chemistry at the Massachusetts Institute of Technology, and Delaney a professor of chemistry at the University of Texas at Dallas.

"In chemistry reaction development, we are constantly spending time to figure out what a reaction made and in what ratio," said John Hartwig, a senior faculty scientist in Berkeley Lab's Chemical Sciences Division and UC Berkeley professor of chemistry. "Certain NMR spectrometry methods are precise, but if one is deciphering the contents of a crude reaction mixture containing a bunch of unknown potential products, those methods are far too slow to have as part of a high-throughput experimental or automated workflow. And that's where this new capability to predict the NMR spectrum could help," he said.

Now that they've demonstrated the automated workflow's potential, Persson and team hope to incorporate it into an automated laboratory that analyzes the NMR data of thousands or even millions of new chemical reactions at a time.

Other authors on the paper include Masha Elkin, Connor Delaney, and John Hartwig at UC Berkeley.

NERSC is a DOE Office of Science user facility at Berkeley Lab.

The work was supported by the U.S. Department of Energy's Office of Science, the U.S. National Science Foundation, and the National Institutes of Health.
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Scientists release state-of-the-art spike-sorting software Kilosort4 | ScienceDaily
How do researchers make sense of the mountains of data collected from recording the simultaneous activity of hundreds of neurons? Neuroscientists all over the world rely on Kilosort, software that enables them to tease apart spikes from individual neurons to understand how the brain's cells and circuits work together to process information.


						
Now, researchers at HHMI's Janelia Research Campus, led by Group Leader Marius Pachitariu, have released Kilosort4, an updated version of the popular spike-sorting software that has improved processing, requires less manual work, and is more accurate and easier to use than previous versions.

"Over the past eight years, I've been refining the algorithm to make it more and more human-independent so people can use it out of the box," Pachitariu says.

Kilosort has become indispensable for many neuroscientists, but it may never have been developed if Pachitariu hadn't decided he wanted to try something new.

Pachitariu's PhD work was in computational neuroscience and machine learning, but he yearned to work on more real-world applications, and he almost left academia for industry after he completed his PhD. Instead, Pachitariu opted for a postdoc in the joint lab of Kenneth Harris and Matteo Carandini at University College London where he could do more experimental neuroscience.

The lab was then part of a consortium testing a probe called Neuropixels, developed at HHMI's Janelia Research Campus. Pachitariu had no idea how to use the probes, which record activity from hundreds of neurons simultaneously, but he knew how to develop algorithms to keep up with the enormous amount of data his labmates were generating.

In the first year of his postdoc, Pachitariu developed the initial version of Kilosort. The software, which was 50 times faster than previous approaches, allowed researchers to process the millions of data points generated by the Neuropixels probes. Eight years later, the probes and the software are staples in neuroscience labs worldwide, allowing researchers to identify and classify the spikes of individual neurons.




In 2017, Pachitariu became a group leader at Janelia, where he and his team seek to understand how thousands of neurons work together to enable animals to think, decide, and act. These days, Pachitariu spends most of his time doing experiments and analyzing data, but he still finds time to work on improving Kilosort. The newly released Kilosort4 is the best in its class, outperforming other algorithms and correctly identifying even hard-to-detect neurons, according to the researchers.

Pachitariu says it is much easier to squeeze in work on projects like Kilosort at Janelia than at other institutions where he would have to spend time writing grants and teaching.

"Every now and then, I can put a few months into spearheading a new version and writing new code," he says.

Pachitariu says he also enjoys refining Kilosort, which allows him to use the core set of skills he developed during his PhD work.
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Proof-of-principle demonstration of 3-D magnetic recording | ScienceDaily
Research groups from NIMS, Seagate Technology, and Tohoku University have made a breakthrough in the field of hard disk drives (HDD) by demonstrating the feasibility of multi-level recording using a three-dimensional magnetic recording medium to store digital information. The research groups have shown that this technology can be used to increase the storage capacity of HDDs, which could lead to more efficient and cost-effective data storage solutions in the future.


						
Data centers are increasingly storing vast amounts of data on hard disk drives (HDDs) that use perpendicular magnetic recording (PMR) to store information at areal densities of around 1.5 Tbit/in2. However, to transition to higher areal densities, a high anisotropy magnetic recording medium consisting of FePt grains combined with heat-assisted laser writing is required. This method, known as heat-assisted magnetic recording (HAMR), is capable of sustaining areal recording densities of up to 10 Tbit/in2. Furthermore, densities of larger than 10 Tbit/in2 are possible based on a new principle demonstrated by storing multiple recording levels of 3 or 4 compared with the binary level used in HDD technology.

In this study, we succeeded in arranging the FePt recording layers three dimensionally, by fabricating lattice-matched, FePt/Ru/FePt multilayer films, with Ru as a spacer layer. Measurements of the magnetization show the two FePt layers have different Curie temperatures. This means that three-dimensional recording becomes possible by adjusting the laser power when writing. In addition, we have demonstrated the principle of 3D recording through recording simulations, using a media model that mimics the microstructure and magnetic properties of the fabricated media.

The three-dimensional magnetic recording method can increase recording capacity by stacking recording layers in three dimensions. This means that more digital information can be stored with fewer HDDs, leading to energy savings for data centers. In the future, we plan to develop processes to reduce the size of FePt grains, to improve the orientation and magnetic anisotropy, and to stack more FePt layers to realize a media structure suitable for practical use as a high-density HDD.
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Telescope detects unprecedented behavior from nearby magnetar | ScienceDaily
Researchers using Murriyang, CSIRO's Parkes radio telescope, have detected unusual radio pulses from a previously dormant star with a powerful magnetic field.


						
 New results published today in Nature Astronomy describe radio signals from magnetar XTE J1810-197 behaving in complex ways.

 Magnetars are a type of neutron star and the strongest magnets in the Universe. At roughly 8,000 light years away, this magnetar is also the closest known to Earth.

 Most are known to emit polarised light, though the light this magnetar is emitting is circularly polarised, where the light appears to spiral as it moves through space.

 Dr Marcus Lower, a postdoctoral fellow at Australia's national science agency -- CSIRO, led the latest research and said the results are unexpected and totally unprecedented.

 "Unlike the radio signals we've seen from other magnetars, this one is emitting enormous amounts of rapidly changing circular polarisation. We had never seen anything like this before," Dr Lower said.

 Dr Manisha Caleb from the University of Sydney and co-author on the study said studying magnetars offers insights into the physics of intense magnetic fields and the environments these create.




 "The signals emitted from this magnetar imply that interactions at the surface of the star are more complex than previous theoretical explanations."

 Detecting radio pulses from magnetars is already extremely rare: XTE J1810-197 is one of only a handful known to produce them.

 While it's not certain why this magnetar is behaving so differently, the team has an idea.

 "Our results suggest there is a superheated plasma above the magnetar's magnetic pole, which is acting like a polarising filter," Dr Lower said.

 "How exactly the plasma is doing this is still to be determined."

 XTE J1810-197 was first observed to emit radio signals in 2003. Then it went silent for well over a decade. The signals were again detected by the University of Manchester's 76-m Lovell telescope at the Jodrell Bank Observatory in 2018 and quickly followed up by Murriyang, which has been crucial to observing the magnetar's radio emissions ever since.

 The 64-m diameter telescope on Wiradjuri Country is equipped with a cutting edge ultra-wide bandwidth receiver. The receiver was designed by CSIRO engineers who are world leaders in developing technologies for radio astronomy applications.

 The receiver allows for more precise measurements of celestial objects, especially magnetars, as it is highly sensitive to changes in brightness and polarisation across a broad range of radio frequencies.

 Studies of magnetars such as these provide insights into a range of extreme and unusual phenomena, such as plasma dynamics, bursts of X-rays and gamma-rays, and potentially fast radio bursts.
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Ocean waves propel PFAS back to land | ScienceDaily
A new study by researchers at the Department of Environmental Science, Stockholm University, published in Science Advances, reveals that PFAS re-emit into the air from crashing ocean waves at levels comparable to or greater than other sources, establishing a cyclical transport process for these "forever chemicals" between land and sea.


						
"The common belief is that per- and polyfluoroalkyl substances, PFAS, drain from the land into the oceans where they stay to be diluted into the deep oceans over the timescale of decades," said Ian Cousins, Professor at the Department of Environmental Science and co-author of the study. "But we've now demonstrated in multiple studies that there's a boomerang effect, and some of the toxic PFAS are re-emitted to air, transported long distances and then deposited back onto land."

Field experiments across the Atlantic Ocean conducted by co-authors Bo Sha, Post-doc at the Department of Environmental Science and Jana Johansson, former Researcher at the Department of Environmental Science, currently at Linkoping University, showed PFAS concentrations in air particles surpassing seawater concentrations by over 100,000 times. Subsequent global modeling estimated the re-emission, atmospheric transport, and deposition of PFAS to land.

"Jana (Johansson) and I worked intensively for two months on a ship conducting multiple field experiments with our custom-built sea spray simulator," explained Bo Sha, the main author of the study. "While our results are scientifically impactful, they are disconcerting, creating a lot of interest among scientists, regulators, and the public."

PFAS impacting health in coastal regions

PFAS, characterized by their extreme persistence leading to their colloquial designation as "forever chemicals, "are associated with a variety of serious health conditions, including cancer, fertility issues, and compromised immune system function.

"In Denmark, scientists have compiled compelling evidence indicating that the sea serves as the primary source of PFAS along their west coast," explained Matthew Salter, Researcher at the Department of Environmental Science and co-author of the study. "This aligns with our expectations, as our study predicts that coastal regions bear the greatest impact."

The research was funded by the Swedish Research Council, FORMAS, the INTEGRATE project, and was part of the Atlantic Meridional Transect programme funded by the UK Natural Environment Research Council.
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A simple, inexpensive way to make carbon atoms bind together | ScienceDaily
The active ingredient in many drugs is what's known as a small molecule: bigger than water, much smaller than an antibody and mainly made of carbon. It's tough, however, to make these molecules if they require a quaternary carbon -- a carbon atom bonded to four other carbon atoms. But now, Scripps Research scientists have uncovered a potential cost-effective way to produce these tricky motifs.


						
In the new findings, which were published in Science on April 5, 2024, Scripps Research chemists show that it's possible to convert feedstock chemicals into quaternary carbons using a single, inexpensive iron catalyst. This method could benefit drug developers by making molecules cheaper and easier to produce at small and large scales.

"Quaternary carbons are ubiquitous across various areas of research -- from drug discovery to material science," says co-first author Nathan Dao, a PhD candidate at Scripps Research. "The synthesis of quaternary carbons, however, is a long-standing challenge in the field of organic chemistry, typically requiring numerous steps and relying on harsh conditions or less accessible starting materials."

In addition to Dao, the study's co-first authors included Xu-Cheng Gan and Benxiang Zhang.

Catalysts are substances used to speed up the rate of a chemical reaction. Sometimes, several different catalysts are necessary to promote a certain reaction and obtain the desired result: a veritable 'reaction soup'. But catalysts can be very expensive, and they don't always react as intended -- and the more catalysts used, the more waste that's produced. But the Scripps Research scientists determined that a single catalyst could perform multiple crucial rolls.

"A difficult chemical reaction often requires many interacting components," according to co-senior author, Ryan Shenvi, PhD, a professor in the Department of Chemistry at Scripps Research. "A benefit of this work is it's incredibly simple."

The team identified simple conditions to convert carboxylic acids and olefins, two major classes of chemical feedstocks -- or raw materials that fuel a machine or industrial process -- into quaternary carbons by using an inexpensive iron-based catalyst. In addition, these chemical feedstocks aren't only abundant, but they're also low cost.




"Similar reactions have been gaining traction lately, so this discovery was inevitable," Shenvi explains. "The pieces were already in the literature, but no one had put them together before."

Overall, the study, which was done in collaboration with the lab of senior co-author Phil Baran, PhD, the Dr. Richard A. Lerner Endowed Chair in the Department of Chemistry at Scripps Research, highlights the ongoing role of chemistry in the development of modern technology and pharmaceuticals.

"This work is yet another striking demonstration of the power of the collaborative atmosphere at Scripps Research to unearth new transformations that can have a dramatic impact on simplifying the practice of organic synthesis," Baran adds.

This work and the researchers involved were supported by funding from the National Institutes of Health (grants GM122606 and GM118176), the National Science Foundation (CHE1955922), Nanjing King-Pharm Co., Ltd), Pfizer and Biogen.
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Innovative sensing platform unlocks ultrahigh sensitivity in conventional sensors | ScienceDaily
Optical sensors serve as the backbone of numerous scientific and technological endeavors, from detecting gravitational waves to imaging biological tissues for medical diagnostics. These sensors use light to detect changes in properties of the environment they're monitoring, including chemical biomarkers and physical properties like temperature. A persistent challenge in optical sensing has been enhancing sensitivity to detect faint signals amid noise.


						
New research from Lan Yang, the Edwin H. & Florence G. Skinner Professor in the Preston M. Green Department of Electrical & Systems Engineering in the McKelvey School of Engineering at Washington University in St. Louis, unlocks the power of exceptional points (EPs) for advanced optical sensing. In a study published April 5 in Science Advances, Yang and first author Wenbo Mao, a doctoral student in Yang's lab, showed that these unique EPs -- specific conditions in systems where extraordinary optical phenomena can occur -- can be deployed on conventional sensors to achieve a striking sensitivity to environmental perturbations.

Yang and Mao developed an EP-enhanced sensing platform that overcomes the limitations of previous approaches. Unlike traditional methods that require modifications to the sensor itself, their innovative system features an EP control unit that can plug into physically separated external sensors. This configuration allows EPs to be tuned solely through adjustments to the control unit, allowing for ultrahigh sensitivity without the need for complex modifications to the sensor.

"We've implemented a novel platform that can impart EP enhancement to conventional optical sensors," Yang said. "This system represents a revolutionary extension of EP-enhanced sensing, significantly expanding its applicability and universality. Any phase-sensitive sensor can acquire improved sensitivity and reduced detection limit by connecting to this configuration. Simply by tuning the control unit, this EP configuration can adapt to various sensing scenarios, such as environmental detection, health monitoring and biomedical imaging."

By decoupling the sensing and control functions, Yang and Mao have effectively skirted the stringent physical requirements for operating sensors at EPs that have so far hindered their widespread adoption. This clears the way for EP enhancement to be applied to a wide range of conventional sensors -- including ring resonators, thermal and magnetic sensors, and sensors that pick up vibrations or detect perturbations in biomarkers -- vastly improving the detection limit of sensors scientists are already using. With the control unit set to an EP, the sensor can operate differently -- not at an EP -- and still reap the benefits of EP enhancement.

As a proof-of-concept, Yang's team tested a system's detection limit, or ability to detect weak perturbations over system noise. They demonstrated a six-fold reduction in the detection limit of a sensor using their EP-enhanced configuration compared to the conventional sensor.

"With this work, we've shown that we can significantly enhance our ability to detect perturbations that have weak signals," Mao said. "We're now focused on bringing that theory to broad applications. I'm specifically focused on medical applications, especially working to enhance magnetic sensing, which could be used to improve MRI technology. Currently, MRIs require a whole room with careful temperature control. Our EP platform could be used to enhance magnetic sensing to enable portable, bedside MRI."
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Can language models read the genome? This one decoded mRNA to make better vaccines | ScienceDaily
The same class of artificial intelligence that made headlines coding software and passing the bar exam has learned to read a different kind of text -- the genetic code.


						
That code contains instructions for all of life's functions and follows rules not unlike those that govern human languages. Each sequence in a genome adheres to an intricate grammar and syntax, the structures that give rise to meaning. Just as changing a few words can radically alter the impact of a sentence, small variations in a biological sequence can make a huge difference in the forms that sequence encodes.

Now Princeton University researchers led by machine learning expertMengdi Wang are using language models to home in on partial genome sequences and optimize those sequences to study biology and improve medicine. And they are already underway.

In a paper published April 5 in the journal Nature Machine Intelligence, the authors detail a language model that used its powers of semantic representation to design a more effective mRNA vaccine such as those used to protect against COVID-19.

Found in Translation

Scientists have a simple way to summarize the flow of genetic information. They call it the central dogma of biology. Information moves from DNA to RNA to proteins. Proteins create the structures and functions of living cells.

Messenger RNA, or mRNA, converts the information into proteins in that final step, called translation. But mRNA is interesting. Only part of it holds the code for the protein. The rest is not translated but controls vital aspects of the translation process.




Governing the efficiency of protein production is a key mechanism by which mRNA vaccines work. The researchers focused their language model there, on the untranslated region, to see how they could optimize efficiency and improve vaccines.

After training the model on a small variety of species, the researchers generated hundreds of new optimized sequences and validated those results through lab experiments. The best sequences outperformed several leading benchmarks for vaccine development, including a 33% increase in the overall efficiency of protein production.

Increasing protein production efficiency by even a small amount provides a major boost for emerging therapeutics, according to the researchers. Beyond COVID-19, mRNA vaccines promise to protect against many infectious diseases and cancers.

Wang, a professor ofelectrical and computer engineering and the principal investigator in this study, said the model's success also pointed to a more fundamental possibility. Trained on mRNA from a handful of species, it was able to decode nucleotide sequences and reveal something new about gene regulation. Scientists believe gene regulation, one of life's most basic functions, holds the key to unlocking the origins of disease and disorder. Language models like this one could provide a new way to probe.

Wang's collaborators include researchers from the biotech firm RVAC Medicines as well as the Stanford University School of Medicine.

The Language of Disease

The new model differs in degree, not kind, from the large language models that power today's AI chat bots. Instead of being trained on billions of pages of text from the internet, their model was trained on a few hundred thousand sequences. The model also was trained to incorporate additional knowledge about the production of proteins, including structural and energy-related information.




The research team used the trained model to create a library of 211 new sequences. Each was optimized for a desired function, primarily an increase in the efficiency of translation. Those proteins, like the spike protein targeted by COVID-19 vaccines, drive the immune response to infectious disease.

Previous studies have created language models to decode various biological sequences, including proteins and DNA, but this was the first language model to focus on the untranslated region of mRNA. In addition to a boost in overall efficiency, it was also able to predict how well a sequence would perform at a variety of related tasks.

Wang said the real challenge in creating this language model was in understanding the full context of the available data. Training a model requires not only the raw data with all its features but also the downstream consequences of those features. If a program is designed to filter spam from email, each email it trains on would be labeled "spam" or "not spam." Along the way, the model develops semantic representations that allow it to determine what sequences of words indicate a "spam" label. Therein lies the meaning.

Wang said looking at one narrow dataset and developing a model around it was not enough to be useful for life scientists. She needed to do something new. Because this model was working at the leading edge of biological understanding, the data she found was all over the place.

"Part of my dataset comes from a study where there are measures for efficiency," Wang said. "Another part of my dataset comes from another study [that] measured expression levels. We also collected unannotated data from multiple resources." Organizing those parts into one coherent and robust whole -- a multifaceted dataset that she could use to train a sophisticated language model -- was a massive challenge.

"Training a model is not only about putting together all those sequences, but also putting together sequences with the labels that have been collected so far. This had never been done before."
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Chemical reactions can scramble quantum information as well as black holes | ScienceDaily
If you were to throw a message in a bottle into a black hole, all of the information in it, down to the quantum level, would become completely scrambled. Because in black holes this scrambling happens as quickly and thoroughly as quantum mechanics allows. They are generally considered nature's ultimate information scramblers.


						
New research from Rice University theorist Peter Wolynes and collaborators at the University of Illinois Urbana-Champaign, however, has shown that molecules can be as formidable at scrambling quantum information as black holes. Combining mathematical tools from black hole physics and chemical physics, they have shown that quantum information scrambling takes place in chemical reactions and can nearly reach the same quantum mechanical limit as it does in black holes. The work is published online in the  Proceedings of the National Academy of Sciences.

"This study addresses a long-standing problem in chemical physics, which has to do with the question of how fast quantum information gets scrambled in molecules," Wolynes said. "When people think about a reaction where two molecules come together, they think the atoms only perform a single motion where a bond is made or a bond is broken.

"But from the quantum mechanical point of view, even a very small molecule is a very complicated system. Much like the orbits in the solar system, a molecule has a huge number of possible styles of motion -- things we call quantum states. When a chemical reaction takes place, quantum information about the quantum states of the reactants becomes scrambled, and we want to know how information scrambling affects the reaction rate."

To better understand how quantum information is scrambled in chemical reactions, the scientists borrowed a mathematical tool typically used in black hole physics known as out-of-time-order correlators, or OTOCs.

"OTOCs were actually invented in a very different context about 55 years ago, when they were used to look at how electrons in superconductors are affected by disturbances from an impurity," Wolynes said. "They're a very specialized object that is used in the theory of superconductivity. They were next used by physicists in the 1990s studying black holes and string theory."

OTOCs measure how much tweaking one part of a quantum system at some instant in time will affect the motions of the other parts -- providing insight into how quickly and effectively information can spread throughout the molecule. They are the quantum analog of Lyapunov exponents, which measure unpredictability in classical chaotic systems.




"How quickly an OTOC increases with time tells you how quickly information is being scrambled in the quantum system, meaning how many more random looking states are getting accessed," said Martin Gruebele, a chemist at Illinois Urbana-Champaign and co-author on the study who is a part of the joint Rice-Illinois Center for Adapting Flaws as Features funded by the National Science Foundation. "Chemists are very conflicted about scrambling in chemical reactions, because scrambling is necessary to get to the reaction goal, but it also messes up your control over the reaction.

"Understanding under what circumstances molecules scramble information and under what circumstances they don't potentially gives us a handle on actually being able to control the reactions better. Knowing OTOCs basically allows us to set limits on when this information is really disappearing out of our control and conversely when we could still harness it to have controlled outcomes."

In classical mechanics, a particle must have enough energy to overcome an energy barrier for a reaction to occur. However, in quantum mechanics, there's the possibility that particles can "tunnel" through this barrier even if they don't possess sufficient energy. The calculation of OTOCs showed that chemical reactions with a low activation energy at low temperatures where tunneling dominates can scramble information at nearly the quantum limit, like a black hole.

Nancy Makri, also a chemist at Illinois Urbana-Champaign, used path integral methods she has developed to study what happens when the simple chemical reaction model is embedded in a larger system, which could be a large molecule's own vibrations or a solvent, and tends to suppress chaotic motion.

"In a separate study, we found that large environments tend to make things more regular and suppress the effects that we're talking about," Makri said. "So we calculated the OTOC for a tunneling system interacting with a large environment, and what we saw was that the scrambling was quenched -- a big change in the behavior."

One area of practical application for the research findings is to place limits on how tunneling systems can be used to build qubits for quantum computers. One needs to minimize information scrambling between interacting tunneling systems to improve the reliability of quantum computers. The research could also be relevant for light-driven reactions and advanced materials design.

"There's potential for extending these ideas to processes where you wouldn't just be tunneling in one particular reaction, but where you'd have multiple tunneling steps, because that's what's involved in, for example, electron conduction in a lot of the new soft quantum materials like perovskites that are being used to make solar cells and things like that," Gruebele said.

Wolynes is Rice's D.R. Bullard-Welch Foundation Professor of Science, a professor of chemistry, f biochemistry and cell biology, physics and astronomy and materials science and nanoengineering and co-director of its Center for Theoretical Biological Physics, which is funded by the National Science Foundation. Co-authors Gruebele is the James R. Eiszner Endowed Chair in Chemistry; Makri is the Edward William and Jane Marr Gutgsell Professor and professor of chemistry and physics; Chenghao Zhang was a graduate student in physics at Illinois Urbana-Champaign and is now a postdoc at Pacific Northwest National Lab; and Sohang Kundu recently received his Ph.D. in chemistry from the University of Illinois and is currently a postdoc at Columbia University.

The research was supported by the National Science Foundation (1548562, 2019745, 1955302) and the Bullard-Welch Chair at Rice (C-0016).
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Neutron stars are key to understanding elusive dark matter | ScienceDaily
Scientists may be one step closer to unlocking one of the great mysteries of the universe after calculating that neutron stars might hold a key to helping us understand elusive dark matter.


						
In a paper published in The Journal of Cosmology and Astroparticle Physics, physicists from the ARC Centre of Excellence for Dark Matter Particle Physics, led by the University of Melbourne, calculated that energy transferred when dark matter particles collide and annihilate inside cold dead neutron stars can heat the stars up very quickly.

It was previously thought that this energy transfer could take a very long time, in some cases, longer than the age of the universe itself, rendering this heating irrelevant.

Professor Nicole Bell of the University of Melbourne said the new calculations show for the first time that most of the energy would be deposited in just a few days.

"The search for dark matter is one of the greatest detective stories in science. Dark matter makes up 85 per cent of the matter in our universe, yet we can't see it. Dark matter doesn't interact with light -- it doesn't absorb light, it doesn't reflect light, it doesn't emit light. This means our telescopes can't directly observe it, even though we know it exists. Instead, its gravitational pull on objects we can see tells us it must be there.

"It is one thing to theoretically predict dark matter, but it is another thing to experimentally observe it. Experiments on Earth are limited by the technical challenges of making sufficiently large detectors. However, neutron stars act as huge natural dark matter detectors, which have been collecting dark matter for astronomically long timescales, so they are a good place for us to concentrate our efforts," Professor Bell said.

Neutron stars are formed when a supermassive star runs out of fuel and collapses. They have a mass similar to that of our Sun, squeezed into a ball just 20km wide. Any denser, they would become black holes.




"While dark matter is the dominant type of matter in the Universe, it is very hard to detect because its interactions with ordinary matter are very weak. So weak, in fact, that dark matter can pass straight through the Earth, or even through the Sun.

"But neutron stars are different -- they are so dense that dark matter particles are much more likely to interact with the star. If dark matter particles do collide with neutrons in the star, they will lose energy and become trapped. Over time, this would lead to an accumulation of dark matter in the star," Professor Bell said.

University of Melbourne PhD candidate Michael Virgato said this is expected to heat up old, cold, neutron stars to a level that may be in reach of future observations, or even trigger the collapse of the star to a black hole.

"If the energy transfer happens quickly enough, the neutron star would be heated up. For this to happen, the dark matter must undergo many collisions in the star, transferring more and more of the dark matter's energy until, eventually, all the energy has been deposited in the star," Mr Virgato said.

It's previously been unknown how long this process would take because, as the energy of the dark matter particles becomes smaller and smaller, they are less and less likely to interact again. As a result, transferring all the energy was thought to take a very long time -- sometimes longer than the age of the universe. Instead, the researchers calculated that 99% of the energy is transferred in just a few days.

"This is good news because it means that dark matter can heat neutron stars to a level that can potentially be detected. As a result, the observation of a cold neutron star would provide vital information about the interactions between dark and regular matter, shedding light on the nature of this elusive substance.

"If we are to understand dark matter -- which is everywhere -- it is critical that we use every technique at our disposal to figure out what the hidden matter of our universe actually is," Mr Virgato said.

This research was conducted by a team of international experts at the ARC Centre of Excellence for Dark Matter Particle Physics, including Professor Nicole Bell and Michael Virgato from the University of Melbourne, Dr Giorgio Busoni from the Australian National University and Dr Sandra Robles from Fermi National Accelerator Laboratory, USA.
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Rapid, simultaneous detection of multiple bacteria achieved with handheld sensor | ScienceDaily

Led by Professor Hiroshi Shiigi of the Graduate School of Engineering, the team experimented with a biosensor that can simultaneously detect multiple disease-causing bacterial species within an hour.

"The palm-sized device for detection can be linked to a smartphone app to easily check bacterial contamination levels," Professor Shiigi explained.

His team synthesized organic metallic nanohybrids of gold and copper that do not interfere with each other, so that electrochemical signals can be distinguished on the same screen-printed electrode chip of the biosensor. These organic[?]inorganic hybrids are made up of conductive polymers and metal nanoparticles. The antibody for the specific target bacteria was then introduced into these nanohybrids to serve as electrochemical labels.

Results confirmed that the synthesized nanohybrids functioned as efficient electrochemical labels, enabling the simultaneous detection and quantification of multiple bacteria in less than an hour.

"This technique enables rapid determination of the presence or absence of harmful bacteria prior to shipment of food and pharmaceutical products, thereby helping to quickly ensure safety at the manufacturing site," Professor Shiigi said.

The team aims to develop new organic metallic nanohybrids to simultaneously detect even more bacterial species.
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Astronomy: How do brown dwarfs form? | ScienceDaily
New observations provide insights into whether the birth of the giant planets takes a similar course to that of stars.


						
The birth of stars is a chaotic and dynamic process, especially in the early phase, which is characterized by complex gas structures in the form of spirals and streamers. Such structures are termed "feeding filaments" because they feed the gaseous material from the surroundings to the newly born star, akin to cosmic umbilical cords.

Cosmic umbilical cord

Brown dwarfs are celestial objects with masses less than one-tenth of the mass of the Sun. This makes them too small to undergo nuclear fusion and shine like stars. Before now, scientists did not know whether brown dwarfs form like sun-like stars or not. A test of this hypothesis requires high-sensitivity and high-angular resolution observations of brown dwarfs during their earliest formation stages. An international team led by LMU astrophysicist Dr. Basmah Riaz from the University Observatory Munich has now accomplished just that: The researchers conducted observations of the extremely young brown dwarf, Ser-emb 16, using the highly sophisticated ALMA observatory in Chile and recently published their results in the journal Monthly Notices of the Royal Astronomical Society.

"Our observations have revealed spectacular large-scale spiral and streamer structures that have never been seen before towards a newly born brown dwarf," says Riaz. The filaments cover a vast area of about 2,000-3,000 astronomical units and are connected to Ser-emb 16. Clumps of matter were also seen around it, which themselves could potentially evolve into young brown dwarfs. "These observations show, for the first time, the influence of the external environment, which results in asymmetric mass accretion via feeding filaments on to a brown dwarf in the making," says the astronomer.

Collapsing clumps or magnetic cores?

The spiral structures and streamers provide important clues about how brown dwarfs form. Having simulated possible scenarios, the researchers compared them with data from the ALMA observatory. The large structures could be explained, for example, by collisions of collapsing clumps within a star-forming region. For this to occur, such collisions would have to happen at least once during the lifetime of star-forming cores. "We have shown through new numerical simulations that collisions trigger the collapse of even small clumps to form brown dwarfs. Spirals and streamers of various sizes and morphologies form due to the collisions happening sideways, not head-on," says co-author Dr. Dimitris Stamatellos from the University of Central Lancashire in England. If this model is correct, it implies a dynamic brown dwarf formation process, similar to Sun-like stars, where chaotic interactions in a star-forming environment are common from an early age.

In another scenario, the simulations showed that the observed structures correspond to the large (pseudo)-disk around a very young brown dwarf, where the (pseudo)-disk has been twisted by the rotation of the brown dwarf core in the presence of a strong magnetic field. If this model is correct, it means the magnetic field plays an important role in the brown dwarf formation process.

"Our ALMA observations provide a unique insight into the early formation stages of brown dwarfs," says Riaz. A comparison of the observations with the models supports a gravitational infall scenario which can explain the asymmetric mass accretion seen in the shape of spirals and streamers, as seen around forming stars. "Consequently, Ser-emb 16 constitutes a unique case of a brown dwarf caught in the process of forming in a star-like fashion," explains Professor Masahiro Machida from Kyushu University in Japan, also co-author of the study.
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Kerr-enhanced optical spring for next-generation gravitational wave detectors | ScienceDaily
The detection of gravitational waves stands as one of the most significant achievements in modern physics. In 2017, gravitational waves from the merger of a binary neutron star were detected for the first time which uncovered crucial information about our universe, from the origin of short gamma-ray bursts to the formation of heavy elements. However, detecting gravitational waves emerging from post-merger remnants has remained elusive due to their frequency range lying outside the range of modern gravitational wave detectors (GWDs). These elusive waves hold important insights into the internal structure of neutron stars, and since these waves can be observed once every few decades by modern GWDs, there is an urgent need for next-generation GWDs.


						
One way to enhance the sensitivity of GWDs is signal amplification using an optical spring. Optical springs, unlike their mechanical counterparts, leverage radiation pressure force from light to mimic spring-like behaviour. The stiffness of optical springs, such as in GWDs, is determined by the light power within the optical cavity. Thus, enhancing the resonant frequency of optical springs requires increasing the intracavity light power which, however, can result in thermally harmful effects and prevent the detector from working properly.

To address this issue, a team of researchers from Japan, led by Associate Professor Kentaro Somiya and Dr. Sotatsu Otabe from the Department of Physics at Tokyo Tech, developed a groundbreaking solution: the Kerr-enhanced optical spring. "A promising method to enhance the impact of optical springs without increasing intracavity power is intracavity signal amplification. This technique enhances the signal amplification ratio of the cavity by using non-linear optical effects and enhances the optical spring constant. Our research revealed that the optical Kerr effect is a promising approach for successfully utilizing this technique," explains Prof. Somiya. Their findings were published in the journal Physical Review Letters. In addition, this letter has been selected as an Editors' Suggestion, a weekly recognition aiming to promote interdisciplinary engagement.

This groundbreaking design involves generating intracavity signal amplification effect in a Fabry-Perot type optomechanical cavity by inserting a Kerr medium. The Kerr medium induces an optical Kerr effect in the cavity, in which an optical field changes the refractive index of the medium. This introduces a drastic gradient of the radiation pressure force in the cavity, enhancing the optical spring constant without increasing intracavity power.

Experiments revealed that the optical Kerr effect successfully enhances the optical spring constant by a factor of 1.6. The resonant frequency of the optical spring was increased from 53 Hz to 67 Hz. The researchers anticipate an even larger signal amplification ratio with refinement of technical issues.

"The proposed design is easy to implement and provides a novel tuneable parameter for optomechanical systems. We believe that demonstrated technique will play a key role not only in GWDs but also in other optomechanical systems, such as in cooling macroscopic oscillators to their quantum ground state," says Dr. Otabe, emphasizing the importance of this study.

Overall, this novel optical spring design represents a significant stride towards harnessing the full potential of optomechanical systems as well as enhanced GWDs capable of unravelling the mysteries of our universe.
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CHEOPS detects a 'rainbow' on an exoplanet | ScienceDaily
The CHEOPS space telescope, whose scientific operations centre is based at the University of Geneva (UNIGE), is providing new information on the mysterious exoplanet WASP-76b. This ultra-hot giant is characterised by an asymmetry between the amount of light observed on its eastern terminator -- the fictitious line that separates its night side from its day side -- and that observed on its western terminator. This peculiarity is thought to be due to a ''glory'', a luminous phenomenon similar to a rainbow, which occurs if the light from the star -- the ''sun'' around which the exoplanet orbits -- is reflected by clouds made up of a perfectly uniform substance. If this hypothesis is confirmed, this would be the first detection of this phenomenon outside our solar system. This work, carried out in collaboration with the European Space Agency (ESA) and the University of Bern (UNIBE), is published in Astronomy & Astrophysics.


						
WASP-76b is an ultra-hot giant planet. Orbiting its host star twelve times closer than Mercury orbits our Sun, it receives more than 4,000 times the Sun's radiation on Earth. ''The exoplanet is 'inflated' by the intense radiation from its star. So, although it is 10% less massive than our cousin Jupiter, it is almost twice as big,'' explains Monika Lendl, assistant professor in the Department of Astronomy of the UNIGE Faculty of Science, and co-author of the study.

Since its discovery in 2013, WASP-76b has been the subject of intense scrutiny by astronomers. A strangely hellish picture has emerged. One side of the planet is always facing its star, reaching temperatures of 2,400 degrees Celsius. Elements that would form rocks on Earth melt and evaporate here, before condensing on the slightly cooler night side, creating clouds of iron that drip molten iron rain.

The crucial contribution of CHEOPS

One of the most disturbing observations for astronomers is the asymmetry between the planet's two terminators. The terminator is the imaginary line that separates the day and night sides of a planet. In the case of WASP-76b, the observations show an increase in the amount of light from the terminator to the east of the planet compared with the one to the west.

To solve this mystery, astronomers used no fewer than twenty-three observations with the CHEOPS space telescope, spread over three years. The ESA satellite, which is piloted by Switzerland and has its scientific operations centre at the UNIGE Department of Astronomy, observed numerous secondary eclipses of the planet (when it passes behind its star) and several phase curves (continuous observation during a complete revolution of the planet).

Combining these new data with those from other telescopes (TESS, Hubble and Spitzer), the astronomers were able to put forward a surprising hypothesis to explain the excess luminous flux on the eastern side of the planet: ''This unexpected glow could be caused by a strong, localised and anisotropic reflection -- i.e. one that depends on direction -- what we call a glory,'' explains Olivier Demangeon, researcher at the Instituto de Astrofisica e Ciencias do Espaco in Portugal and lead author of the study.




A first outside our solar system

Glories are common phenomena on Earth. They have also been observed on Venus. The effect, similar to a rainbow, occurs when light is reflected by clouds made up of perfectly uniform droplets. In the case of Earth, the droplets are made out of water, but the nature of these droplets on WASP-76b remains mysterious. It could be iron, as this has already been detected in the planet's extremely hot atmosphere. The detection of this phenomenon on WASP-76b is the first of its kind outside our solar system.

''The reason why no such glory has ever been observed outside our solar system is that this phenomenon requires very specific conditions. First of all, the atmospheric particles must be almost perfectly spherical, completely uniform and sufficiently stable to be observed throughout a long time. These droplets have to be directly illuminated by the planet's host star, and the observer -- in this case CHEOPS -- must be in the right position,'' explains Olivier Demangeon.

Results to be confirmed

Further data will be needed to confirm with certainty that this intriguing excess of light on the eastern terminator of WASP-76b is a glory. This confirmation would attest to the presence of clouds made up of perfectly spherical droplets that have existed for at least three years, or that are constantly renewing themselves. For such clouds to persist, the temperature of the atmosphere would also have to be stable over time -- a fascinating and detailed insight into what could be happening on WASP-76b.

Detecting such tiny phenomena at such a great distance will enable scientists and engineers to identify others that are just as crucial. For example, the reflection of starlight off liquid lakes and oceans -- a necessary condition for habitability.
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        Scientists create octopus survival guide to minimize impacts of fishing
        Scientists have created a step-by-step aging guide for octopus to ensure fisheries remain sustainable, protecting the longevity of this ancient animal while guaranteeing the world doesn't go hungry.

      

      
        Pacific cities much older than previously thought
        New evidence of one of the first cities in the Pacific shows they were established much earlier than previously thought, according to new research. The study used aerial laser scanning to map archaeological sites on the island of Tongatapu in Tonga, showing Earth structures were being constructed in Tongatapu around AD 300.

      

      
        The hidden role of the Milky Way in ancient Egyptian mythology
        Astrophysicists shed light on the relationship between the Milky Way and the Egyptian sky-goddess Nut. The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

      

      
        Ants in Colorado are on the move due to climate change
        Ant species living in Boulder's foothills have shifted their habitat over the last six decades, potentially affecting local ecosystems, suggests a new study.

      

      
        More than half a million global stroke deaths may be tied to climate change
        A changing climate may be linked to growing death and disability from stroke in regions around the world, according to a new study. Researchers found over three decades that non-optimal temperatures, those above or below temperatures associated with the lowest death rates, were increasingly linked to death and disability due to stroke. The study does not prove that climate change causes stroke. It only shows an association. The study also did not examine other risk factors such as high blood pres...

      

      
        Mixed diets balance nutrition and carbon footprint
        What we eat can impact our health as well as the environment. Many studies have looked at the impacts of diets in very general terms focused at the level of food groups. A new study explores this issue following a more nuanced dish-level approach. One of the benefits of this kind of study is that people's connections with their diets vary around the world and have strong cultural associations. Knowledge of the impacts of diets using dishes rather than broad food groups can help individuals make i...

      

      
        Size of salty snack influences eating behavior that determines amount consumed
        The size of an individual snack piece not only influences how fast a person eats it, but also how much of it they eat, according to a new study. With nearly a quarter of daily calorie intake in the United States coming from snacks, these findings may have implications for helping people better understand how eating behavior impacts calorie and sodium intake.

      

      
        Using CO2 and biomass, researchers find path to more environmentally friendly recyclable plastics
        Researchers have created a potential alternative to traditional petroleum-based plastic that is made from carbon dioxide (CO2) and lignin, a component of wood that is a low-cost byproduct of paper manufacturing and biofuel production.

      

      
        New drug prevents flu-related inflammation and lung damage
        Findings show a newly created drug can prevent runaway inflammation while still allowing the immune system to handle the virus, even when given late into infection.

      

      
        The genesis of our cellular skeleton, image by image
        Cells contain various specialized structures -- such as the nucleus, mitochondria or peroxisomes -- known as 'organelles'. Tracing their genesis and determining their structure is fundamental to understanding cell function and the pathologies linked to their dysfunction.

      

      
        Researchers discover how we perceive bitter taste
        A new study reveals the detailed protein structure of the TAS2R14, a bitter taste receptor that allows us to perceive bitter taste. In addition to solving the structure of this taste receptor, the researchers were also able to determine where bitter-tasting substances bind to TAS2R14 and how they activate them. The findings may lead to the development of drugs that targeting taste receptors.

      

      
        New report 'braids' Indigenous and Western knowledge for forest adaptation strategies against climate change
        Forests could also be potential bulwarks against climate change. But, increasingly severe droughts and wildfires, invasive species, and large insect outbreaks -- all intensified by climate change -- are straining many national forests and surrounding lands in the United States. A report outlines a new approach to forest stewardship that 'braids together' Indigenous knowledge and Western science to conserve and restore more resilient forestlands.

      

      
        3D mouth of an ancient jawless fish suggests they were filter-feeders, not scavengers or hunters
        Early jawless fish were likely to have used bony projections surrounding their mouths to modify the mouth's shape while they collected food. Experts have used CT scanning techniques to build up the first 3D pictures of these creatures, which are some of the earliest vertebrates (animals with backbones) in which the mouth is fossilized. Their aim was to answer questions about feeding in early vertebrates without jaws in the early Devonian epoch -- sometimes called the Age of Fishes -- around 400 m...

      

      
        Novel UV broadband spectrometer revolutionizes air pollutant analysis
        A research team has developed a broadband UV dual-comb spectrometer with which air pollutants can be continually measured and their reaction with the environment can be observed in real time.

      

      
        Scientists identify pro-aging 'sugar signature' in the blood of people living with HIV
        Scientists have identified sugar abnormalities in the blood that may promote biological aging and inflammation in people living with HIV.

      

      
        Cockayne syndrome: New insights into cellular DNA repair mechanism
        Researchers decode repair mechanism during transcription of genetic information.

      

      
        Microplastic 'hotspots' identified in Long Island Sound
        Forensic and environmental experts have teamed up to develop a new scientific method to pinpoint microplastic pollution 'hotspots' in open waters.

      

      
        Deforestation harms biodiversity of the Amazon's perfume-loving orchid bees
        A survey of orchid bees in the Brazilian Amazon state of Rond nia, carried out in the 1990s, is shedding new light the impact of deforestation on the scent-collecting pollinators, which some view as bellwethers of biodiversity in the neotropics.

      

      
        The evolving attitudes of Gen X toward evolution
        As the centennial of the Scopes Monkey Trial of 1925 approaches, a new study illustrates that the attitudes of Americans in Generation X toward evolution shifted as they aged.

      

      
        Cold-affinity algae species are gradually being replaced by warm-affinity ones off the coast of Biscay
        A study has analyzed the impact of the rise in sea surface temperature on macroalgae communities over the last four decades. Points at various depths were investigated in a location off the coast of Biscay, and an increasing scarcity was observed in the number of cold-affinity structuring species, while small warm-affinity ones have proliferated. The researchers are warning that some ecological functions are in jeopardy as a result.

      

      
        A microbial plastic factory for high-quality green plastic
        Engineered bacteria can produce a plastic modifier that makes renewably sourced plastic more processable, more fracture resistant and highly biodegradable even in sea water. The development provides a platform for the industrial-scale, tunable production of a material that holds great potential for turning the plastic industry green.

      

      
        New device gathers, stores electricity in remote settings
        Wirelessly connected devices perform an expanding array of applications, such as monitoring the condition of machinery and remote sensing in agricultural settings. These applications hold much potential for improving the efficiency, but how do you power these devices where reliable electrical sources are not available? Research points to a possible solution in the form of a novel type of battery.

      

      
        Scientist helps link climate change to Madagascar's megadrought
        A team reveals a clear link between human-driven climate change and the years-long drought currently gripping southern Madagascar.

      

      
        Tiny plastic particles are found everywhere
        Microplastic particles can be found in the most remote ocean regions on earth. In Antarctica, pollution levels are even higher than previously assumed.

      

      
        What's quieter than a fish? A school of them
        Swimming in schools makes fish surprisingly stealthy underwater, with a group able to sound like a single fish. Engineers working with a high-tech simulation of schooling mackerel offer new insight into why fish swim in schools and promise for the design and operation of much quieter submarines and autonomous undersea vehicles.

      

      
        Birdfeeders are designed to keep unwanted guests away
        The first birdfeeders were made in the 19th century, and their design rapidly evolved during the 20th century. Researchers at the consider the evolution of the birdfeeder to be an example of multispecies design, where unwanted guests have shaped the human-made artifact.

      

      
        'Teacher Toads' can save native animals from toxic cane toads
        Scientists from Macquarie University have come up with an innovative way to stop cane toads killing native wildlife by training goannas to avoid eating the deadly amphibians.

      

      
        Impact of climate change on marine life much bigger than previously known
        Fish and invertebrate animals are far more affected by warmer and more acidic seawater than was previously known. The big gain of the new method is that more details become known about effects of climate change on species.

      

      
        Humans can increase biodiversity, archaeological study shows
        Through the ages, the presence of humans has increased the heterogeneity and complexity of ecosystems and has often had a positive effect on their biodiversity.

      

      
        Machine learning method reveals chromosome locations in individual cell nucleus
        Researchers have made a significant advancement toward understanding how the human genome is organized inside a single cell. This knowledge is crucial for analyzing how DNA structure influences gene expression and disease processes.

      

      
        Subterranean storage of hydrogen
        Scientists are using computer simulations and laboratory experiments to see if depleted oil and natural gas reservoirs can be used for storing carbon-free hydrogen fuel. Hydrogen is an important clean fuel: It can be made by splitting water using solar or wind power, it can be used to generate electricity and power heavy industry, and it could be used to power fuel-cell-based vehicles. Additionally, hydrogen could be stored for months and used when energy needs outpace the supply delivered by ren...

      

      
        Humans converted at least 250,000 acres of estuaries to cities, farms in last 35 years
        Worldwide over the past 35 years, dams and land reclamation activities converted 250,000 acres of estuary -- an area roughly 17 times the size of Manhattan -- to urban land or agricultural fields, with most land conversion and estuary loss in rapidly developing countries, a new study finds. The findings could help developing countries avoid problems faced by countries that have already lost or degraded their estuaries.

      

      
        Do some mysterious bones belong to gigantic ichthyosaurs?
        Several similar large, fossilized bone fragments have been discovered in various regions across Western and Central Europe since the 19th century. The animal group to which they belonged is still the subject of much debate to this day. A study could now settle this dispute once and for all: The microstructure of the fossils indicates that they come from the lower jaw of a gigantic ichthyosaur. These animals could reach 25 to 30 meters in length, a similar size to the modern blue whale.

      

      
        Research examines tweets during Hurricane Maria to analyze social media use during disasters
        Understanding how social media is used during a disaster can help with disaster preparedness and recovery for future events.

      

      
        A smarter city skyline for flood safety
        With climate change and rising urbanization, the likelihood and severity of urban flooding are increasing. But not all city blocks are created equal. Researchers investigated how urban layout and building structures contribute to pedestrian safety during flooding. Based on their simulated results, the team recommends modifying building corners and protective block layouts to reduce pedestrian risk.

      

      
        Bacteria in cancer unmasked
        Researchers have compiled a detailed catalogue of bacteria living in cancer metastases. Having analyzed over 4000 tumors, they shed light on the diversity of these co-inhabitants and how they might interact with cancer cells and their surroundings. For example, certain bacteria were linked to a worse response to immunotherapy. This study paves the way to a better understanding of how bacteria help or hinder cancer (therapy), and how we can use this for patients' advantage.

      

      
        A natural touch for coastal defense
        Common 'hard' coastal defenses, like concrete sea walls, might struggle to keep up with increasing climate risks. A new study shows that combining them with nature-based solutions could, in some contexts, create defenses which are better able to adapt.

      

      
        Early medieval money mystery solved
        Byzantine bullion fueled Europe's revolutionary adoption of silver coins in the mid-7th century, only to be overtaken by silver from a mine in Charlemagne's Francia a century later, new tests reveal. The findings could transform our understanding of Europe's economic and political development.

      

      
        Atmospheric and economic drivers of global air pollution
        Carbon monoxide emissions from industrial production have serious consequences for human health and are a strong indicator of overall air pollution levels. Many countries aim to reduce their emissions, but they cannot control air flows originating in other regions. A new study looks at global flows of air pollution and how they relate to economic activity in the global supply chain.

      

      
        How climate change will impact food production and financial institutions
        Researchers have developed a new method to predict the financial impacts climate change will have on agriculture, which can help support food security and financial stability for countries increasingly prone to climate catastrophes.

      

      
        Different means to the same end: How a worm protects its chromosomes
        Researchers have discovered that a worm commonly used in the study of biology uses a set of proteins unlike those seen in other studied organisms to protect the ends of its DNA.

      

      
        Deep parts of Great Barrier Reef 'insulated' from global warming -- for now
        Some deeper areas of the Great Barrier Reef are insulated from harmful heatwaves -- but that protection will be lost if global warming continues, according to new research.

      

      
        This 3D printer can figure out how to print with an unknown material
        Researchers developed a 3D printer that can automatically determine the printing parameters of an unknown material. This could help engineers use emerging renewable or recycled materials that have fluctuating properties, which makes them difficult to print with.

      

      
        Boreal forest and tundra regions worst hit over next 500 years of climate change, study shows
        Modelling climate change over a 500 year period shows that much of the boreal forest, the Earth's northernmost forests and most significant provider of carbon storage and clean water, could be seriously impacted, along with tundra regions, treeless shrublands north of the boreal forest that play a significant role in regulating the Earth's climate.

      

      
        Scientists grow 'mini kidneys,' revealing new insights into metabolic defects and potential therapy for polycystic kidney disease
        Scientists have successfully grown 'mini kidneys' in the lab and grafted them into live mice, revealing new insights into the metabolic defects and a potential therapy for polycystic kidney disease.

      

      
        Toothed whale echolocation organs evolved from jaw muscles
        Genetic analysis finds evidence suggesting that acoustic fat bodies in the heads of toothed whales were once the muscles and bone marrow of the jaw.

      

      
        Bringing multidrug-resistant pathogens to their knees
        Multidrug-resistant bacterial infections that cannot be treated by any known antibiotics pose a serious global threat. A research team has now introduced a method for the development of novel antibiotics to fight resistant pathogens. The drugs are based on protein building blocks with fluorous lipid chains.

      

      
        New four-terminal tandem organic solar cell achieves 16.94% power conversion efficiency
        Researchers have fabricated a new four-terminal organic solar cell with a tandem configuration with a 16.94% power conversion efficiency (PCE). The new device is composed by a highly transparent front cell that incorporates a transparent ultrathin silver (Ag) electrode of only 7nm, which ensures its efficient operation.

      

      
        New guidelines to help kids build tolerance to food allergens
        Researchers have crafted guidelines to help prepare families who plan to build their child's tolerance to common food allergens. These international guidelines standardize the preparation process for families considering oral immunotherapy, a process that involves giving very small amounts of an allergen to patients and gradually increasing the amount to build up their tolerance.

      

      
        Using pulp and paper waste to scrub carbon from emissions
        Researchers have come up with an innovative approach to improve the energy efficiency of carbon conversion, using waste material from pulp and paper production. The technique they've pioneered not only reduces the energy required to convert carbon into useful products, but also reduces overall waste in the environment.
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Scientists create octopus survival guide to minimize impacts of fishing | ScienceDaily
Octopuses have been around for hundreds of millions of years, but did you know that most only live for a few years, dying soon after mating or laying eggs?


						
Until now that hasn't been a problem, but octopus catches have doubled in recent decades as the world strives to meet the nutritional demands of a rising global population.

How do we ensure octopus fisheries remain sustainable, protecting the longevity of this ancient animal while guaranteeing the world doesn't go hungry?

An accurate, reliable, cost effective and easy-to-use method to determine an octopus's age and estimate how fast they grow and reproduce is a good starting point.

A team of Australian scientists has now developed the world's first step-by-step practical guide to ageing octopus, published in the Marine and Freshwater Research Journal.

Using growth rings on octopuses' beaks and stylets (internal shells near their gills) to validate their age, University of South Australia marine scientists have created a practical ageing tool for people managing and assessing octopus fisheries.

"Over the past 30 years, various studies have explored different methods to age octopus, but only a small number of researchers worldwide have the hands-on knowledge to execute these methods in the laboratory," says UniSA marine ecologist Dr Zoe Doubleday.




"It's critical that we don't lose this practical scientific knowledge because by determining their age, we can understand the impact of different rates of fishing on the population."

The guide was developed by UniSA PhD student Erica Durante and research assistant Louise Hosking under the supervision of Dr Doubleday. It formed part of a larger study led by Dr Karina Hall of NSW Department of Primary Industries and funded by the Fisheries Research and Development Corporation.

"Understanding an octopus's age helps to keep fisheries sustainable," Durante says. "If you know a species' age, you can estimate how fast they grow and reproduce and how much you can catch to keep a fishery sustainable."

"Age data also tells us how long it takes for an animal to mature, so you don't end up fishing out immature octopus before they breed. Age is also important for the general conservation and management of a species, whether it is fished or not."

Many species of animals are aged by counting growth rings in their tissues (similar to tree rings), although it's a little tricker with octopus because their rings represent days, not years, and methods need to be customised for each species.

An estimated 400,000 octopus are harvested from around 90 countries annually and this number is expected to increase, putting pressure on octopus stocks worldwide.

"By publishing this guide and making the knowledge accessible to anyone, we can help keep fisheries sustainable and ensure this incredible animal continues to survive and thrive," Dr Doubleday says.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240410234256.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Pacific cities much older than previously thought | ScienceDaily
New evidence of one of the first cities in the Pacific shows they were established much earlier than previously thought, according to new research from The Australian National University (ANU).


						
The study used aerial laser scanning to map archaeological sites on the island of Tongatapu in Tonga.

Lead author, PhD scholar Phillip Parton, said the new timeline also indicates that urbanisation in the Pacific was an indigenous innovation that developed before Western influence.

"Earth structures were being constructed in Tongatapu around AD 300. This is 700 years earlier than previously thought," Mr Parton said.

"As settlements grew, they had to come up with new ways of supporting that growing population. This kind of set-up -- what we call low density urbanisation -- sets in motion huge social and economic change. People are interacting more and doing different kinds of work."

Mr Parton said traditionally, studying urbanisation in the Pacific has been tricky due to challenges collecting data, but new technology has changed that.

"We were able to combine high-tech mapping and archaeological fieldwork to understand what was happening in Tongatapu," he said.




"Having this type of information really adds to our understanding of early Pacific societies.

"Urbanisation is not an area that had been investigated much until now. When people think of early cities they usually think of traditional old European cities with compact housing and windy cobblestone streets. This is a very different kind of city.

"But it shows the contribution of the Pacific to urban science. We can see clues that Tongatapu's influence spread across the southwest Pacific Ocean between the 13th and 19th centuries."

According to Mr Parton, the collapse of this kind of low-density urbanisation in Tonga was largely due to the arrival of Europeans.

"It didn't collapse because the system was flawed; it was more to do with the arrival of Europeans and introduced diseases," he said.

"This is just the beginning in terms of early Pacific settlements. There's likely still much to be discovered."

The study has been published in the Journal of Archaeological Method and Theory.
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The hidden role of the Milky Way in ancient Egyptian mythology | ScienceDaily
Ancient Egyptians were known for their religious beliefs and astronomical knowledge of the Sun, Moon, and planets, but up until now it has been unclear what role the Milky Way played in Egyptian religion and culture.


						
A new study by a University of Portsmouth astrophysicist sheds light on the relationship between the Milky Way and the Egyptian sky-goddess Nut.

Nut is goddess of the sky, who is often depicted as a star-studded woman arched over her brother, the earth god Geb. She protects the earth from being flooded by the encroaching waters of the void, and plays a key role in the solar cycle, swallowing the Sun as it sets at dusk and giving birth to it once more as it rises at dawn.

The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

Associate Professor in Astrophysics, Dr Or Graur, said: "I chanced upon the sky-goddess Nut when I was writing a book on galaxies and looking into the mythology of the Milky Way. I took my daughters to a museum and they were enchanted by this image of an arched woman and kept asking to hear stories about her.

"This sparked my interest and I decided to combine both astronomy and Egyptology to do a double analysis -- astronomical and cross-cultural -- of the sky-goddess Nut, and whether she really could be linked to the Milky Way."

Dr Graur drew from a rich collection of ancient sources including the Pyramid Texts, Coffin Texts, and the Book of Nut and compared them alongside sophisticated simulations of the Egyptian night sky.




He found compelling evidence that the Milky Way highlighted Nut's divine presence.

Furthermore, Dr Graur connected Egyptian beliefs with those of other cultures, showing similarities in how different societies interpret the Milky Way.

He said: "My study also shows that Nut's role in the transition of the deceased to the afterlife and her connection to the annual bird migration are consistent with how other cultures understand the Milky Way. For example, as a spirits' road among different peoples in North and Central America or as the Birds' Path in Finland and the Baltics.

"My research shows how combining disciplines can offer new insights into ancient beliefs, and it highlights how astronomy connects humanity across cultures, geography, and time. This paper is an exciting start to a larger project to catalogue and study the multicultural mythology of the Milky Way."
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Ants in Colorado are on the move due to climate change | ScienceDaily
Over the past 60 years, climate change has forced certain ant species, unable to tolerate higher temperatures, out of their original habitats in Gregory Canyon near Boulder, Colorado, according to a new research published April 9 in the journal Ecology.


						
The resulting biodiversity change could potentially alter local ecosystems, according to first author Anna Paraskevopoulos, a Ph.D. student in the Department of Ecology and Evolutionary Biology at the University of Colorado Boulder.

Like all insects, ants are ectothermic, meaning their body temperature, metabolism and other bodily functions depend on the environment's temperature. As a result, ants are sensitive to temperature fluctuations, making them a good marker to study the impact climate change has on ecosystems.

More than six decades ago, CU Boulder entomologist Robert Gregg and his student John Browne surveyed the ant populations in Gregory Canyon. After reading their study, Paraskevopoulos and her team set off to investigate whether the ant community had changed since. The researchers sampled the same survey sites on roughly the same dates between 2021 and 2022 as Browne and Gregg did in 1957 and 1958. The team collected hundreds of ant samples from different parts of Gregory Canyon, each with its own unique environment. For example, the canyon's north-facing slope is a forest with cool temperatures, dominated by pine and fir trees. The south-facing slope is primarily shrubland, while streams and ditches shape the canyon bottom area.

While the city of Boulder has expanded greatly since the original study, Gregory Canyon has remained a natural environment and largely unaffected by land-use change.

"This gave us an opportunity to study the isolated impacts of climate change. In many other studies, the effect of land use and climate change are often entangled," Paraskevopoulos said.

While she and her team discovered some ant species that were not recorded previously in the canyon, several other ant species had expanded their habitats and dominated the sites.




The team found while the total number of ant species in Gregory Canyon increased from what was recorded in their 1969 paper, several species had expanded their habitats to a broader region and now dominated the sites. At the same time, some other ants Browne and Gregg observed had become less widespread or were even undetected.

"Across the different environments and habitats in the canyon, we're seeing the composition of ant species becoming more similar," said Julian Resasco, the paper's senior author and an assistant professor in the Department of Ecology and Evolutionary Biology.

The team said 12 ant species have become hard to find compared with six decades ago. Ant species that foraged across a broader range of temperatures are now more widespread, while species that foraged across a narrower range of temperatures have become rare, potentially because they are more sensitive to temperature changes, or are facing increased competition from other ant species that managed to expand their habitats.

An 'insect apocalypse'

Despite their tiny size, ants are essential ecosystem engineers. They supply soil with air through making tunnels and chambers underground, and accelerate the decomposition of dead plants and animals. Different ant species may play unique roles in the ecosystem, such as dispersing certain types of seeds or preying on specific bugs.

"If the ecosystem has only a single type of ant, it could mean that the animal is only contributing to ecosystem functioning in one way, potentially reducing ecosystem stability," Paraskevopoulos said.




It remains unclear how changes in ant populations in Gregory Canyon have affected the local ecosystem. But when a species disappears, it affects other organisms that rely on them for food, pollination or pest control, Paraskevopoulos said.

The finding illustrates that changes in ant biodiversity could be happening all around the world in both urban and wild spaces as a result of climate change. Globally, insect populations and diversity are rapidly declining, and the study adds another piece of evidence to what many scientists call an ongoing "insect apocalypse."

An analysis across 16 studies has shown insect populations declined by 45% in the last four decades. In North America, the monarch butterfly population fell by 90% in the last 20 years. In Colorado, one in five native bumblebees is at risk.

"In response to climate change, species are changing the ranges where they're occurring. Some of them are spreading and becoming winners, while others are crashing and becoming losers. This work helps us understand how those communities reshuffle, which could have implications on how ecosystems function," Resasco said.
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More than half a million global stroke deaths may be tied to climate change | ScienceDaily
A changing climate may be linked to growing death and disability from stroke in regions around the world, according to a study published in the April 10, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. Researchers found over three decades that non-optimal temperatures, those above or below temperatures associated with the lowest death rates, were increasingly linked to death and disability due to stroke. The study does not prove that climate change causes stroke. It only shows an association. The study also did not examine other risk factors such as high blood pressure and high cholesterol levels.


						
Researchers found that the majority of these strokes were due to lower than optimal temperatures, however they also found an increase in strokes tied to higher than optimal temperatures. With lower temperatures, a person's blood vessels can constrict, increasing blood pressure. High blood pressure is a risk factor for stroke. Higher temperatures may cause dehydration, affecting cholesterol levels and resulting in slower blood flow, factors that can also lead to stroke.

"Dramatic temperature changes in recent years have affected human health and caused widespread concern," said study author Quan Cheng, PhD, of Xiangya Hospital Central South University in Changsha, China. "Our study found that these changing temperatures may increase the burden of stroke worldwide, especially in older populations and areas with more health care disparities.

For the study, researchers looked at 30 years of health records for more than 200 countries and territories. They examined the number of stroke deaths and burden of stroke-related disability due to non-optimal temperatures.

They then divided the data to look at different regions, countries and territories. They also looked at age groups and genders.

In 2019, there were 521,031 stroke deaths linked to non-optimal temperatures. There were also 9.4 million disability-adjusted life years due to stroke linked to non-optimal temperatures. Disability-adjusted life years are the number of years of life lost due to premature death and years lived with illness.

When looking at low temperatures compared to high temperatures, they found that 474,002 of the total deaths were linked to low temperatures.




Researchers found that the rate of death from stroke from temperature changes for male participants was 7.7 per 100,000 compared to 5.9 per 100,000 for female participants.

When looking at regions, central Asia had the highest death rate for stroke linked to non-optimal temperatures with 18 per 100,000. At the national level, North Macedonia had the highest death rate with 33 per 100,000.

"More research is needed to determine the impact of temperature change on stroke and to target solutions to address health inequalities," Cheng said. "Future research should aim to reduce this threat by finding effective health policies that address potential causes of climate change, such as the burning of fossil fuels, deforestation and industrial processes."

The study was supported by Hunan Youth Science and Technology Talent Project.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240410161519.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mixed diets balance nutrition and carbon footprint | ScienceDaily
What we eat can impact our health as well as the environment. Many studies have looked at the impacts of diets in very general terms focused at the level of food groups. A new study led by researchers at the University of Tokyo explores this issue following a more nuanced dish-level approach. One of the benefits of this kind of study is that people's connections with their diets vary around the world and have strong cultural associations. Knowledge of the impacts of diets using dishes rather than broad food groups can help individuals make informed choices and those in the food industry improve their practices.


						
"Our main conclusion is this: Mixed diets can offer good health and environmental outcomes. This is because mixed diets can afford consumers a larger diversity of dishes that can meet both nutritional requirements and have low carbon footprints," said the lead author of the study, Associate Professor Yin Long from the University of Tokyo's Graduate School of Engineering. "We identified trade-offs in terms of nutrition, carbon footprint and price for individual dishes with multiple ingredients, rather than using broad food categories such as red meat, fish or vegetables, as has been done in most similar studies so far. Although dishes from the same broad categories such as beef-based or fish-based dishes exhibit familiar trends as found in other studies in having comparatively higher carbon footprints, there are times when dishes do not follow the patterns of their respective food groups. It is also interesting to see a large concentration of dishes with low nutrient density and correspondingly low emissions and prices."

Such examples are diets based on dishes with a greater proportion of plant-based ingredients that indeed tend to have lower carbon footprints, but sometimes fail to meet daily requirements for some nutrients. Conversely, mixed diets strike a balance between what is considered good nutritional outcome and carbon footprint. This is because mixed diets tend to afford larger combinations of dishes that both meet daily nutrient requirements and have low carbon footprints than stricter diets, for example, diets relying only on a subset of dish categories. The researchers found this out by analyzing data on 45 dishes popular in Japan that consist of multiple ingredients and have different cooking times, using algorithms that seek to optimize some parameters within sets of data.

"We should stress that we do not believe that impact analyses based on food groups and dishes are mutually exclusive, though. Instead, we believe they are highly complementary. For example, approaches relying on food groups can reveal broadly what sustainable diets can look like and how to achieve them at the production level, pointing to feasible directions for transforming food systems at the global and international levels," said Professor Alexandros Gasparatos, another author of the study from the University of Tokyo's Institute for Future Initiatives. "At the same time, we believe dish-based approaches can inform better the day-to-day organization of food consumption at the national and local levels, by acting as a reality check to inform, design and convey feasible and acceptable ways to steer dietary habits toward more sustainable directions."

In a sense, dish-based approaches can better reflect how food is actually prepared and consumed in a given local context. This in turn better reflects cultural preferences for certain tastes or cooking methods, and cultural acceptability of certain food items. It can also better reflect the relative availability of certain food items, which itself might be due to local environmental conditions, which continue to change.

"Varying cultural preferences and ingredient availability lead to radically different ways to build healthy and sustainable diets between different countries and local contexts," said Gasparatos. "Dietary choices have important ramifications for human health and the environment. On the one hand, unhealthy dietary habits have been associated with the increased prevalence of obesity, diabetes and various types of cancers. On the other hand, food production can have severe environmental impacts through land use, carbon emissions, methane emissions, water pollution, and overconsumption and more. I myself have tried to make some diet-conscious changes in the last couple of years before working on this study. However, the engagement with this research reaffirmed my belief that mixed diets offer lots of benefits and helped me to identify some items and dishes to maybe be consumed in moderation."

Funding: This study was funded by the Leading Initiative for Excellent Young Researchers (LEADER) Program of 2022, and financially supported by the Asahi Group Foundation.
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Size of salty snack influences eating behavior that determines amount consumed | ScienceDaily
The size of an individual snack piece not only influences how fast a person eats it, but also how much of it they eat, according to a new study led by researchers at Penn State. With nearly a quarter of daily calorie intake in the United States coming from snacks, these findings may have implications for helping people better understand how eating behavior impacts calorie and sodium intake.


						
The team of food scientists investigated how the size of pretzels influences eating behavior -- overall intake, eating rate, bite size and snacking duration -- and found that people eat larger pretzels quicker with larger bites. They also found that while people ate smaller pretzels slower and with smaller bites, and ate less overall, they still had higher intake of sodium. Their results are available online now and will be published in the June issue of Appetite.

Seventy-five adults participated in the study, eating snacks three different times in the Sensory Evaluation Center. The oversized snack was about 2.5 servings of one of three sizes of pretzel -- small, medium or large. To calculate eating rate and bite size, the researchers video recorded each snacking session, noting how many minutes each participant spent snacking and the number of bites. They also measured how much each participant ate in both weight and calories.

When participants were given the same amount of food, how much they ate -- in both snack weight and calories -- depended on unit size, with study participants consuming 31% and 22% more of the large pretzels compared to the small and medium sized pretzels, respectively. Size of the pretzel also influenced eating rate and bite size, with the largest pretzel size yielding the fastest eating rate and largest mean bite size.

The researchers also reported that, after accounting for eating behavior, the pretzel size alone did not significantly affect how much a person ate, suggesting the eating behavior the different pretzel sizes prompted was driving total intake. Their results suggest larger pretzel size induces a person to eat more quickly and take bigger bites.

Together, these findings indicate that unit size influences intake by affecting eating behavior and they show that food characteristics such as unit size can be leveraged to moderate snack intake, explained corresponding author John Hayes, professor of food science and director of the Penn State Sensory Evaluation Center.

"The study suggests that food structure -- texture, size and shape -- can be used to modulate eating behavior and food intake," he said. "Food geometry, specifically unit size, is of particular utility for snack foods. We're interested in how the material properties of foods can be harnessed to help people eat less without impacting their enjoyment."

The relationship between pretzel size and sodium intake was obvious but previously overlooked, noted Madeline Harper, a graduate student in food science and lead author on the study. She explained that eating more smaller pretzels likely results in higher sodium consumption. The smaller size has more surface area for the same weight, so the researchers hypothesize that more total salt on the surface means that a snacker would consume more sodium eating them.




"So, we're suggesting that if you're trying to watch your calorie intake or are trying to reduce the amount that you're eating in a snack, then maybe a smaller pretzel would meet your needs better, because of the inherent way the size of the pretzel affects your eating rate," she said. "But if you're more worried about hypertension or the amount of sodium you're consuming, the larger pretzel might be better for you, because you'll consume less sodium in that treatment, even though you might consume more grams of pretzel."

Paige Cunningham, postdoctoral scholar in the Department of Food Science and the Department of Nutritional Sciences at Penn State, and Ciaran Forde, professor and chair in Sensory Science and Eating Behaviour Group in the Division of Nutrition, at Wageningen University, contributed to the research.

The U.S. Department of Agriculture's National Institute of Food and Agriculture supported this research.
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Using CO2 and biomass, researchers find path to more environmentally friendly recyclable plastics | ScienceDaily
Modern life relies on plastic. This lightweight, adaptable product is a cornerstone of packaging, medical equipment, the aerospace and automotive industries and more. But plastic waste remains a problem as it degrades in landfills and pollutes oceans.


						
FAMU-FSU College of Engineering researchers have created a potential alternative to traditional petroleum-based plastic that is made from carbon dioxide (CO2) and lignin, a component of wood that is a low-cost byproduct of paper manufacturing and biofuel production. Their research was published in Advanced Functional Materials.

"Our study takes the harmful greenhouse gas CO2 and makes it into a useful raw material to produce degradable polymers or plastics," said Hoyong Chung, an associate professor in chemical and biomedical engineering at the college. "We are not only reducing CO2 emissions, but we are producing a sustainable polymer product using the CO2."

This study is the first to demonstrate the direct synthesis of what's known as a cyclic carbonate monomer -- a molecule made of carbon and oxygen atoms that can be linked with other molecules -- made from CO2 and lignin.

By linking multiple monomers together, scientists can create synthetic polymers, long-chained molecules that can be designed to fill all manner of applications.

The material developed by Chung and his research team is fully degradable at the end of its life without producing microplastics and toxic substances. It can be synthesized at lower pressures and temperatures. And the polymer can be recycled without losing its original properties.

Using depolymerization, the researchers can convert polymers to pure monomers, which are the building blocks of polymers. This is the key to the high quality of the recycled material. The monomers can be recycled indefinitely and produce a high-quality polymer as good as the original, an improvement over previously developed and currently used polymer materials in which repeated heat exposure from melting reduces quality and allows for limited recycling.




"We can readily degrade the polymer via depolymerization, and the degraded product can synthesize the same polymer again," Chung said. "This is more cost effective and keeps it from losing original properties of polymers over multiple recycling. This is considered a breakthrough in material science, as it enables the realization of a true circular economy."

The newly developed material could be used for low-cost, short lifespan plastic products in such sectors as construction, agriculture, packaging, cosmetics, textiles, diapers and disposable kitchenware. With further development, Chung anticipates its use in highly specialized polymers for biomedical and energy storage applications.

The FSU Office of Commercialization provided valuable foundational support for Chung's research. Support from an internal funding program helped previous work with lignin-based polymers, and with the help of the office, he has received patents for other polymer research.

The project was supported by federal funds awarded to the State of Florida from the United States Department of Agriculture, National Institute of Food and Agriculture and support from the FAMU-FSU College of Engineering. Postdoctoral researcher Arijit Ghorai was the lead author of the study.
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New drug prevents flu-related inflammation and lung damage | ScienceDaily
Infection with the influenza virus leads to lung injury through inflammation over-activation that causes collateral damage to cells required for breathing. Such damage can be life-threatening, but scientists have a new preventative treatment. A team from St. Jude Children's Research Hospital, University of Houston, Tufts University School of Medicine and Fox Chase Cancer Center created a drug that can prevent flu-induced lung injury. In a mouse model, the drug achieves a novel balance between shutting down runaway inflammation and allowing the immune system to stop the virus. The findings were published today in Nature.


						
"Our drug significantly increased survival and lowered symptoms of influenza virus infection," said co-corresponding author Paul Thomas, PhD, St. Jude Department of Host-Microbe Interactions. "It dampened dangerous inflammation and even seemed to improve the adaptive response against the virus."

In a series of experiments, the drug UH15-38 protected against lethal influenza. Results showed that the drug protected mouse models from similar amounts of influenza that humans experience, even at low doses. Additionally, the team found that a high drug dose could fully protect against an infection with a substantial amount of virus, which would usually be deadly. The models were protected even if they received the dose days after infection, a difficult achievement for an influenza therapeutic.

"This drug can also do something we've never seen before," Thomas said. "We're able to start five days after the initial infection and show that we're still providing some benefit."

Providers must administer modern antiviral drugs within the first few days of infection to be effective. This study suggests that UH15-38 may fill a currently unmet need, as patients with severe disease have often been infected for several days by the time they get to a doctor. The breakthrough results from understanding how influenza and the immune system interact to cause lung injury.

Sending influenza-infected cells down the right path

"Infected lung cells create inflammation that alerts the immune system that there's a problem, but too much of it generates runaway inflammation that can cause major problems," Thomas said. "We need to strike a delicate balance between maintaining enough of these processes to get rid of the virus, but not so much that you're getting this runaway inflammation."

The collaborating scientists achieved a Goldilocks amount of inflammation using clever chemistry. Their new drug inhibited one part of a major inflammation protein in immune cells: Receptor-Interacting Protein Kinase 3 (RIPK3). RIPK3 controls two cell death pathways in response to infection: apoptosis and necroptosis. Necroptosis is highly inflammatory, but apoptosis is not. Both pathways are used in the antiviral response. UH15-38 was designed to prevent RIPK3 from starting necroptosis while maintaining its pro-apoptotic properties.




"Knocking out RIPK3 entirely is not great because then the immune system can't clear the virus," Thomas said. "When we knocked out just necroptosis, the animals did better because they still had apoptosis and could still get rid of infected cells, but it wasn't as inflammatory."

Stopping lung inflammation and injury

"We also showed that the improved survival was the direct result of the reduction in local inflammation and improved lung cell survival," Thomas said.

In a series of prior studies, the Thomas lab found that a specific set of cells in the lung are collateral damage in the runaway inflammatory response. These cells, Type 1 alveolar epithelial cells, handle gas exchange, letting oxygen in and carbon dioxide out. Loss of these cells leads to an inability to breathe. The current study demonstrated that this group of literal breath-taking cells was spared in the presence of the drug. Additionally, inflammation-related immune cells, such as neutrophils, were far less prevalent in the lungs of treated animals.

"Often the worst part of influenza illness happens after the virus is controlled when runaway inflammation destroys lung cells," Thomas said. "UH15-38 can dampen that influenza-caused inflammation while leaving viral clearance and the other functions of the immune and tissue responses intact. That makes it a promising candidate to move forward toward the clinic."
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The genesis of our cellular skeleton, image by image | ScienceDaily
Cells contain various specialised structures -- such as the nucleus, mitochondria or peroxisomes -- known as "organelles''. Tracing their genesis and determining their structure is fundamental to understanding cell function and the pathologies linked to their dysfunction. Scientists at the University of Geneva (UNIGE) have combined high resolution microscopy and kinematic reconstruction techniques to visualise, in motion, the genesis of the human centriole. This organelle, essential to the organisation of the cell skeleton, is associated -- in case of dysfunction -- with certain cancers, brain disorders or retinal diseases. This work, published in the journal Cell, elucidates the complexities of centriole assembly. It also opens up many new avenues for the study of other cell organelles.


						
Organelle genesis proceeds according to a precise sequence of successive protein recruitment events. Visualising this assembly in real time provides a better understanding of the role of these proteins in organelle structure or function. However, obtaining a video sequence with sufficient resolution to distinguish such complex microscopic components faces a number of technical limitations.

Inflating cells for better observation

This is particularly true of the centriole. This organelle, measuring less than 500 nanometers (half a thousandth of a millimeter), is constituted of around 100 different proteins organised into six substructural domains. Until a few years ago, it was impossible to visualise the structure of the centriole in detail. The laboratory of Paul Guichard and Virginie Hamel, co-directors of research in the Department of Molecular and Cellular Biology at the UNIGE Faculty of Science, has changed this situation by using the technique of expansion microscopy. This cutting-edge technique enables cells and their constituents to be progressively inflated without being deformed, so that they can then be observed -- using conventional microscopes -- with very high resolution.

Obtaining images of the centriole with such high resolution enables the exact location of proteins at a given time but gives no information on the order of appearance of substructural domains or of individual proteins. Marine Laporte, a former research and teaching fellow in the UNIGE group and first author of the study, used expansion microscopy to analyse the location of 24 proteins in the six domains in over a thousand centrioles at different stages of growth.

Reorganising images to set them in motion 

''This very tedious work was followed by a pseudo-temporal kinematic reconstruction. In other words, we were able to put these thousands of images taken at random during centriole biogenesis back into chronological order, to reconstruct the various stages in the formation of centriole substructures, using a computer analysis we developed,'' explains Virginie Hamel, co-leader of the study.

This unique approach, which combines the very high resolution of expansion microscopy and kinematic reconstruction, has enabled us to model the first 4D assembly of the human centriole. ''Our work will not only deepen our understanding of centriole formation, but also open up incredible prospects in cellular and molecular biology, since this method can be applied to other macromolecules and cellular structures to study their assembly in space and time,'' concludes Paul Guichard.
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Researchers discover how we perceive bitter taste | ScienceDaily
Humans can sense five different tastes: sour, sweet, umami, bitter, and salty, using specialized sensors on our tongues called taste receptors. Other than allowing us to enjoy delicious foods, the sensation of taste allows us to determine the chemical makeup of food and prevents us from consuming toxic substances.


						
Researchers at the UNC School of Medicine, including Bryan Roth, MD, PhD, the Michael Hooker Distinguished Professor of Pharmacology, and Yoojoong Kim, PhD, a postdoctoral researcher in the Roth Lab, recently set out to address one very basic question: "How exactly do we perceive bitter taste?"

A new study, published in Nature, reveals the detailed protein structure of the TAS2R14 bitter taste receptor. In addition to solving the structure of this taste receptor, the researchers were also able to determine where bitter-tasting substances bind to TAS2R14 and how they activate them, allowing us to taste bitter substances.

"Scientists know very little about the structural make up of sweet, bitter, and umami taste receptors," said Kim. "Using a combination of biochemical and computational methods, we now know the structure of the bitter taste receptor TAS2R14 and the mechanisms that initializes the sensation of bitter taste in our tongues."

This detailed information is important for discovering and designing drug candidates that can directly regulate taste receptors, with the potential to treat metabolic diseases such as obesity and diabetes.

From Chemicals to Electricity to Sensation

TAS2R14s are members of the G protein-coupled receptor (GPCR) family of bitter taste receptors. The receptors are attached to a protein known as a G protein. TAS2R14 stands out from the others in its family because it can identify more than 100 distinct substances known as bitter tastants.




Researchers found that when bitter tastants come into contact with TAS2R14 receptors, the chemicals wedge themselves into to a specific spot on the receptor called an allosteric site, this causes the protein to change its shape, activating the attached G protein.

This triggers a series of biochemical reactions within the taste receptor cell, leading to activation of the receptor, which can then send signals to tiny nerve fibers -- through the cranial nerves in the face -- to an area of the brain called the gustatory cortex. It is here where the brain processes and perceives the signals as bitterness. And of course, this complex signaling system occurs almost instantaneously.

Cholesterol's Role in Bitter Taste Reception

While working to define its structure, researchers found another unique feature of TAS2R14 -- that cholesterol is giving it a helping hand in its activation.

"Cholesterol was residing in another binding site called the orthosteric pocket in TAS2R14, while the bitter tastant binds to the allosteric site," said Kim. "Through molecular dynamics simulations, we also found that the cholesterol puts the receptor in a semi-active state, so it can be easily activated by the bitter tastant."

Bile acids, which are created in the liver, have similar chemical structures with cholesterol. Previous studies have suggested that bile acids can bind and activate TAS2R14, but little is known about how and where they bind in the receptor.




Using their newfound structure, researchers found that bile acids might be binding to the same orthosteric pocket as cholesterol. While the exact role of bile acid or cholesterol in TAS2R14 remains unknown, it may play a role in the metabolism of these substances or in relation to metabolic disorders such as obesity or diabetes.

How This Can Help Drug Development

The discovery of this novel allosteric binding site for bitter tasting substances is unique.

The allosteric binding region is located between TAS2R14 and its coupled G protein is called G-protein alpha. This region is critical to form a signaling complex, which helps to transfer the signal from the taste receptor to the G-protein to the taste receptor cells.

"In the future, this structure will be key to discovering and designing drug candidates that can directly regulate G proteins through the allosteric sites," said Kim. "We also have the ability to affect specific G-protein subtypes, like G-protein alpha or G-protein beta, rather than other G-protein pathways that we don't want to cause any other side effects."

Roth and Kim have made a number of new discoveries, but some leave more questions than answers. While running a genomics study, they found that the TAS2R14 protein in complex with the GI is expressed outside the tongue, especially in the cerebellum in the brain, the thyroid, and the pancreas. Researchers are planning future studies to elucidate the function these proteins may have outside of the mouth.

This work was supported by the NIH Illuminating the Druggable Genome Initiative.
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New report 'braids' Indigenous and Western knowledge for forest adaptation strategies against climate change | ScienceDaily
Forests could also be potential bulwarks against climate change. But, increasingly severe droughts and wildfires, invasive species, and large insect outbreaks -- all intensified by climate change -- are straining many national forests and surrounding lands in the United States. A report by a team of 40 experts outlines a new approach to forest stewardship that "braids together" Indigenous knowledge and Western science to conserve and restore more resilient forestlands. Published March 25, the report provides foundational material to inform future work on climate-smart adaptive management practices for USDA Forest Service land managers.


						
There are 154 national forests in the United States, covering nearly 300,000 square miles of forests, woodlands, shrublands, wetlands, meadows and prairies. These lands are increasingly recognized as vital for supporting a broad diversity of plant and animal life; for water and nutrient cycling; and for the human communities that depend on forests and find cultural and spiritual significance within them. Forests could also be potential bulwarks against climate change. But, increasingly severe droughts and wildfires, invasive species, and large insect outbreaks -- all intensified by climate change -- are straining many national forests and surrounding lands.

A report by a team of 40 experts outlines a new approach to forest stewardship that "braids together" Indigenous knowledge and Western science to conserve and restore more resilient forestlands. Published March 25, the report provides foundational material to inform future work on climate-smart adaptive management practices for USDA Forest Service land managers.

"Our forests are in grave danger in the face of climate change," said Cristina Eisenberg, an associate dean of forestry at Oregon State University. "By braiding together Indigenous knowledge with Western science, we can view the problems with what is known as 'Two-Eyed Seeing,' to develop a path forward that makes our forests more resilient to the threats they are facing. That is what this report is working to accomplish."

Eisenberg co-led the report team with Susan Prichard, a fire ecologist in the School of Environmental and Forest Sciences at the University of Washington.

"Climate change is stressing these forests even as they are considered for their potential role in slowing rates of climate change," said Prichard. "We want this report to provide not just guidance, but also hope -- hope in the practical measures we can take now to promote resiliency and help forests thrive."

Initiated by interest from the Forest Service on Indigenous knowledge and Western science, the report stems from direction to protect old and mature forests outlined in Executive Order 14072, signed by President Joe Biden in April 2022. These types of forests, some hundreds of years old, are often dominated by larger trees, with fewer seedlings and saplings. Some management practices over the past century have made many of these forests vulnerable to drought, fire, insects and other stressors, all of which will likely increase with climate change.




The executive order included guidance on strengthening relationships with tribal governments and emphasized the importance of Indigenous knowledge, a theme highlighted repeatedly in the new report. This knowledge includes the time-tested practices of Indigenous stewardship that for millennia shaped forest structure and species composition. Following European colonization, these practices were sharply curtailed by genocide, displacement, and forced assimilation of Indigenous peoples. Western scientists increasingly recognize that Indigenous stewardship practices built and maintained forests that were more resilient and ecologically diverse than today.

Many Indigenous cultures, for example, used a practice called intentional burning -- also known as cultural burning -- which decreased forest density, promoted healthy understory growth, and hosted a broad diversity of plant and animal life. These practices over time yielded "mosaics" of forests made up of diverse patches of trees varying in age, density, and overstory and understory composition. These "mosaic" forests are less prone to the types of large, severe wildfires that have burned swathes of North American forests this century, according to Prichard.

Other members of the core leadership team for the report are Paul Hessburg, a senior research ecologist with the Forest Service's Pacific Northwest Research Station, and Michael Paul Nelson, a professor and director of the Center for the Future of Forests and Society at OSU.

"Two powerful ideas we heard from our Indigenous colleagues in developing this are those of reciprocity and the seven generations principle. Collectively, the writing team agrees that we can frame a more sustainable land ethic with these ideas," said Hessburg. "These perspectives guided our recommendations, which suggest taking from the land and giving back in equal measure, and proactively stewarding these lands with seven generations in mind."

Report co-authors come from tribal nations, universities, U.S. Forest Service research stations, consulting groups, Natural Resources Canada, Parks Canada, and Tall Timbers Research Station and Land Conservancy.

"Our report is deeper than changes in policy and management -- it proposes a fundamental change in the worldview guiding our current practices," said Nelson. "Our writing team's cultural, geographic and disciplinary diversity allows for guidance on a shift in paradigms around how we approach forest stewardship in the face of climate change."

The report may also inform Forest Service work on the proposed national forest land plan amendment intended to steward and conserve old-growth forest conditions.

"We are very interested in understanding how Indigenous knowledge can be used in combination with western science to improve our management of all forest conditions including old growth," said Forest Service Deputy Chief Chris French. "This report is a big step in improving our understanding of how to do that."
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3D mouth of an ancient jawless fish suggests they were filter-feeders, not scavengers or hunters | ScienceDaily
Early jawless fish were likely to have used bony projections surrounding their mouths to modify the mouth's shape while they collected food.


						
Experts led by the University of Birmingham have used CT scanning techniques to build up the first 3D pictures of these creatures, which are some of the earliest vertebrates (animals with backbones) in which the mouth is fossilised. Their aim was to answer questions about feeding in early vertebrates without jaws in the early Devonian epoch -- sometimes called the Age of Fishes -- around 400 million years ago.

Feeding behaviours are commonly used by scientists to help piece together early evolution of vertebrates, and different jaw shapes and constructions can suggest a broad range of feeding strategies. In the absence of jaws, many competing theories have been developed ranging from biting and slicing, to filtering food from sediment or water.

In a new study, published in Proceedings of the Royal Society B, an international team of palaeontologists have been able to visualise the mouth parts of one of these jawless fish, called Rhinopteraspis dunensis, in detail. The images revealed the structure and arrangement of finger-like bones that project from the lower 'lip' of the animal's mouth, which the scientists believe acted to control the mouth's size and shape as it captured food particles from surrounding water.

Senior author and project lead Dr Ivan Sansom said: "The application of CT scanning techniques to the study of fossil fish is revealing so much new information about these ancient vertebrates and giving us the opportunity to study precious and unique specimens without destructive investigation."

Lead author Dr Richard Dearden explained: "In this case, these methods have allowed us to fit all of the small bones of this animal's mouth together, and try and understand how it fed from this integrated system rather than by using isolated bones. Instead of a steady trend towards 'active food acquisition' -- scavenging or hunting -- we see a real diversity and range of feeding behaviours among our earliest vertebrate relatives."

The reconstruction produced by the team shows that the bony plates around the mouth would have had limited movement, making it unlikely that the animals were hunters capable of 'biting'. In combination with an elongated snout, they would also have found it difficult to scoop and filter sediment directly from the bottom of the sea. However these plates would have allowed it to control opening of the mouth, and perhaps strain food from water in a way also used by animals such as flamingos or oysters.




The findings offer a new perspective on theories of vertebrate evolution, since current hypotheses argue that long term evolutionary trends move from passive food consumption to increasingly predatory behaviour. In contrast, the work outlined in this paper suggests that in fact, early vertebrates had a broad range of different feeding behaviours long before jawed animals started to appear.

The study was funded by the Leverhulme Trust and is part of a collaborative project between the University of Birmingham, the Natural History Museum, and the University of Bristol, in the UK, and Naturalis Biodiversity Centre, in the Netherlands.
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The reconstruction produced by the team shows that the bony plates around the mouth would have had limited movement, making it unlikely that the animals were hunters capable of 'biting'. In combination with an elongated snout, they would also have found it difficult to scoop and filter sediment directly from the bottom of the sea. However these plates would have allowed it to control opening of the mouth, and perhaps strain food from water in a way also used by animals such as flamingos or oysters.

The findings offer a new perspective on theories of vertebrate evolution, since current hypotheses argue that long term evolutionary trends move from passive food consumption to increasingly predatory behaviour. In contrast, the work outlined in this paper suggests that in fact, early vertebrates had a broad range of different feeding behaviours long before jawed animals started to appear.
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Novel UV broadband spectrometer revolutionizes air pollutant analysis | ScienceDaily
Sunlight has a major influence on chemical processes. Its high-energy UV radiation in particular is strongly absorbed by all materials and triggers photochemical reactions of the substances present in the air. A well-known example is the formation of ground-level ozone when UV light hits nitrogen oxides. A research team led by Birgitta Schultze-Bernhardt from the Institute of Experimental Physics at Graz University of Technology (TU Graz) is now utilising this high reaction potential for a new method of environmental monitoring. They have developed the world's first broadband UV dual-comb spectrometer with which air pollutants can be continually measured and their reaction with the environment can be observed in real time. A paper on the development has been recently published in the journal Optica.


						
Dual-comb spectrometers have been around for almost 20 years. Here, a source emits light in a broad wavelength range, which, when arranged according to its optical frequencies, is reminiscent of the teeth of a comb. If this light penetrates a gaseous material sample, the molecules it contains absorb some of the light. The altered light wavelengths allow conclusions to be drawn about the ingredients and optical properties of the analysed gas.

Laser light pulses cause gas molecules to rotate and vibrate

The special feature of the spectrometer developed by Birgitta Schultze-Bernhardt is that a laser system emits double light pulses in the ultraviolet spectrum. When this UV light meets gas molecules, it excites the molecules electronically and also causes them to rotate and vibrate -- so-called rovibronic transitions -- which are unique to each gaseous substance. In addition, the broadband UV dual-comb spectrometer combines three properties that conventional spectrometers have so far only been able to offer in part: (1) a large bandwidth of the emitted UV light, which means that a great deal of information about the optical properties of the gas samples can be collected with a single measurement; (2) a high spectral resolution, which in future will also enable the investigation of complex gas mixtures such as our Earth's atmosphere; and (3) short measurement times when analysing the gas samples. "This makes our spectrometer suitable for sensitive measurements by which changes in gas concentrations and the course of chemical reactions can be observed very precisely," explains Lukas Furst, PhD student in the Coherent Sensing working group and first author of the publication.

Developed and tested using formaldehyde as an example

The researchers developed and tested their spectrometer using formaldehyde. The air pollutant is produced when fossil fuels and wood are burned, as well as indoors through vapours from adhesives used in furniture. "With our new spectrometer, formaldehyde emissions in the textile or wood processing industries as well as in cities with increased smog levels can be monitored in real time, thus improving the protection of personnel and the environment," explains Birgitta Schultze-Bernhardt. The application of the spectrometer can also be transferred to other air pollutants such as nitrogen oxides and ozone and other climate-relevant trace gases. The research team hopes that this will provide new findings about their effects in the atmosphere. Based on this, new strategies for improving air quality could be derived.
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Scientists identify pro-aging 'sugar signature' in the blood of people living with HIV | ScienceDaily
The Wistar Institute's associate professor Mohamed Abdel-Mohsen, Ph.D., along with his team and collaborators, has identified sugar abnormalities in the blood that may promote biological aging and inflammation in people living with HIV (PLWH). The findings, taken from a large data study comprising more than 1200 participants, are detailed in the new paper, "Immunoglobulin G N-glycan Markers of Accelerated Biological Aging During Chronic HIV Infection," published in the journal Nature Communications.


						
Despite advances in HIV treatment, notably the success of antiretroviral therapy (ART) in suppressing the virus to undetectable levels, HIV remains incurable, with the virus persisting in a dormant state within the body. This chronic presence is linked to long-term health issues, including persistent inflammation and a higher prevalence of aging-related diseases such as cancer and neurocognitive disorders. These conditions tend to occur more frequently and at an earlier age in PLWH compared to the general population.

Abdel-Mohsen seeks to understand how chronic viral infection causes this accelerated biological aging, which refers to the body aging faster than one's chronological years would typically indicate. By understanding the molecular mechanisms behind accelerated biological aging in people living with chronic viral infections, scientists can begin to formulate strategies to mitigate the negative effects.

While many factors in the body can contribute to accelerated biological aging, researchers focused on a novel factor: abnormalities of the human glycome -- the totality of the various sugar structures circulating throughout the body. Previous studies have established a connection between aging and shifts in the glycan composition of immunoglobulins (IgGs), which are critical for immune regulation. As people age, their IgGs lose anti-inflammatory properties and gain pro-inflammatory characteristics.

Abdel-Mohsen's research investigates whether living with a chronic viral infection, such as HIV infection, exacerbates these changes, leading to premature aging and related diseases.

By comparing glycan profiles in more than 1200 individuals, both with and without HIV, the team discovered that PLWH exhibit elevated levels of inflammatory and pro-aging IgG glycan signatures. In a remarkable step forward, the team developed a machine-learning model that uses these glycan signatures to estimate the biological age of PLWH and assess the rate of aging acceleration. This glycan signature also has the potential to predict the onset of comorbid conditions in PLWH, such as cancer, years in advance.

To confirm that these glycan-associated disruptions were causal rather than merely correlative, the research team engineered HIV-specific antibodies designed to exhibit the same kind of aberrant IgG glycan modifications observed in PLWH. Testing these glycoengineered antibodies in vitro confirmed that the modified antibodies were less effective at mounting an immune response than their unmodified counterparts, suggesting that these sugar abnormalities might directly contribute to the worse clinical outcomes observed. Importantly, when they designed these antibodies to have glycans similar to those found in biologically younger individuals, these antibodies demonstrated a remarkable ability to enhance the immune system's ability to fight virus-infected cells.

"Utilizing glycan signatures to predict early onset of diseases in people living with HIV marks a pivotal shift towards proactive healthcare," said Abdel-Mohsen. "This could significantly alter clinical outcomes, allowing for timely interventions and personalized treatment plans. The impact on treatment and management in the HIV community could be revolutionary. Beyond biomarkers, antibodies glycoengineered to mimic biologically younger glycans offer a new therapeutic avenue. This method could enhance immune responses, paving the way for innovative treatments."
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Cockayne syndrome: New insights into cellular DNA repair mechanism | ScienceDaily
Cockayne syndrome is a severe autosomal recessive disorder caused by defective DNA repair mechanisms. People with the disease have much reduced life expectancy and suffer from facial deformities; growth failure; neurological, cognitive, and sensory impairments; bone, joint, and muscle deformities; kidney problems; and premature aging. Like xeroderma pigmentosum (XP), Cockayne syndrome (CS) is a disease where elements of nucleotide excision repair (NER) do not work properly. The purpose of this repair mechanism is to remove DNA damage caused by ultraviolet (UV) light, chemicals, and various other environmental factors.


						
Researchers from the group of biochemist Professor Julian Stingele from LMU's Gene Center Munich have now uncovered important details about the role of the CSB/ERCC6 and CSA/ERCC8 genes involved in Cockayne syndrome. These genes encode two enzymes associated with DNA repair. The results of their work have been published in the journal Nature Cell Biology. "Our data point to a new, previously unknown function of these two genes and their gene products in the repair of covalent DNA-protein interactions in the course of transcription," reports Stingele, referring to the cytotoxic, biologically undesirable crosslinking of proteins to DNA.

An obstacle for transcription

In collaboration with researchers from the University of Cambridge, the scientists demonstrated that DNA-protein crosslinks present a physical obstacle to further transcription. Arresting transcription brings CS proteins to the blockade sites. "Our results indicate that CSB and CSA then initiate the transcription-coupled repair of the toxic DNA-protein crosslinks," says Stingele. "This previously unrecognized cellular function of CS proteins leads to the marking of the DNA damage -- and thence to its enzymatic breakdown."

The study also revealed that this newly discovered function of CS proteins works independently of classic TC-NER (transcription-coupled nucleotide excision repair) enzymes, which are deployed, among other things, for repairing DNA damage caused by UV light -- and the absence of which leads to xeroderma pigmentosum. "The fact that CS proteins have additional functions is noteworthy. This discovery could help to explain the pathological differences between xeroderma pigmentosum and Cockayne syndrome," says Stingele. CS is a more severe and more multifaceted disorder than XP, with complex and incompletely understood causes. As their next step, Stingele's research group plans to decode the exact process of CS-protein-mediated repair.
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Microplastic 'hotspots' identified in Long Island Sound | ScienceDaily
Forensic and environmental experts have teamed up to develop a new scientific method to pinpoint microplastic pollution 'hotspots' in open waters.


						
A study by Staffordshire University, The Rozalia Project for a Clean Ocean and Central Wyoming College trialled the technique in New York's Long Island Sound.

Professor Claire Gwinnett from Staffordshire University explained: "Long Island Sound was a location of interest because it has lots of factors that can cause pollution.

"It is an estuary that has high populations of wildlife, it is a busy transport route frequented by cargo ships and is a popular fishing area. Located adjacent to New York City, it is also highly populated and a major tourist destination."

Funded, in part, by the National Geographic Society, the study saw samples collected from the deck of the 60' oceanographic sailing research vessel, American Promise. The team took 1 litre 'grab samples' of surface water every 3 miles from the East River along the middle of Long Island Sound to The Race, where it meets Rhode Island Sound.

Grab sampling allows analysis of specific locations, with the researchers applying a statistical approach to identify hotspots where microplastics were most in evidence.

"People often use the term 'hotspot' but it is not scientifically defined. Previous studies have used largely subjective methods, without the use of any rules or thresholds that differentiate hotspots from non-hotspots," Professor Gwinnett commented.




"Our study proposed a simple yet objective method for determining hotspots using standard deviation values. This is the first time that this has been done."

Two primary and two secondary hotspots were observed, near either end of the sampling area. There is potentially a "bottleneck" effect in the narrower zones or, conversely, a dilution effect in the wider section of Long Island Sound. Similarly, hotspots were observed as being close to or in line with a river mouth, specifically the Thames and Connecticut Rivers.

Overlaying heat maps of various types of shipping and vessel traffic with the microparticle heat map from this study shows potential similarities. In particular, between areas of high recreational and passenger vessel traffic and higher microplastic concentration.

Professor Gwinnett said: "We need to consider factors that might influence these results, such as population, geography and human use. The identified hotspots, however, were found in both densely populated areas and adjacent to some of the least densely populated land areas surrounding Long Island Sound.

"The first step in combatting this type of pollution is by characterizing microparticle samples so that we can begin to understand where they might have come from."

97% of samples contained human-made particulates. Microparticles were classified as 76.14% fibres and 23.86% fragments. 47.76% of the fibres were synthetic and 52.24% were non-synthetic.




Forensic science approaches developed by Staffordshire University were used to analyse the microparticles -- including type, colour, shape, material, presence of delusterant and width -- which identified 30 unique categories of potential sources of pollution.

Rachael Miller, Expedition lead and Rozalia Project Founder, explained: "Unlike larger fragments of plastic, which may exhibit clear features that easily identify its original source, such as bottle cap ridges or a partial logo, this is generally very difficult for microparticles unless an analysis approach which fully characterizes the particle is used.

"Identifying a specific type of item from which a microparticle came from e.g. pair of jeans, carpet, tyre or personal hygiene product increases the likelihood of discovering the mechanism for transport to the environment. That, in turn, increases opportunities to prevent a subset of microplastic pollution."

The authors are now calling for reference databases of potential pollutants of waterways. PhD researcher Amy Osbourne specialises in forensic fibre analysis at Staffordshire University after progressing from the undergraduate degree in Forensic Investigation.

She said: "We cannot confidently identify the sources of pollution without being able to cross reference samples against large, easily searched known provenance databases. Such databases are already used in forensic science when identifying sources of evidence found at crime scenes.

"For example, we might begin with a database of all the different types of fishing nets or tarpaulins that we know are commonly used in areas like Long Island Sound."

Professor Gwinnett added: "While more research is needed to fully understand microplastics concentrations and implications of this pollution, the very presence is enough to engage in solution development and solution-deployment."
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Deforestation harms biodiversity of the Amazon's perfume-loving orchid bees | ScienceDaily
A survey of orchid bees in the Brazilian Amazon state of Rondonia, carried out in the 1990s, is shedding new light the impact of deforestation on the scent-collecting pollinators, which some view as bellwethers of biodiversity in the neotropics.


						
The findings, from a researcher at the University of Kansas, are published today in the peer-reviewed journal Biological Conservation.

"This study on orchid bees was an add-on to previous research on stingless bees. Orchid bees are so easy to collect, so we added them to our broader survey of bee biodiversity across this rapidly developing region in the Amazon," said lead author J. Christopher Brown, professor of geography & atmospheric science at KU. "We've known for decades that particular fragrances like eucalyptus oil, for example, attract male orchid bees, which naturally collect similar fragrances from orchids to use in mating. All you do is dip cotton balls into a variety of chemical attractants and hang these on a string in the open air. The bees start arriving in minutes, hovering around the baits and displaying their often metallic-hued blue and green colors."

A specimen from the genus Euglossa collected during the study in Rondonia, Brazil.

Brown said that this ease of collection, in part, has made orchid bees, native to the tropical rainforests of the Americas, a regular subject of studies to determine the impact of deforestation and forest fragmentation on biodiversity. In a region of intense deforestation, the bees, because they are pollinators, help reveal the toll on local ecosystems more broadly.

"They were among the first types of organisms studied to understand the impact of that deforestation on the general biology and ecology of an area," he said. The researchers identified species of orchid bee,Eulaema nigrita and 11 other species, that are particularly associated with degraded vs. preserved environments, respectively."

Of the experience in the field with orchid bees, Brown said, "I had previously seen orchid bees in museum collections, but seeing them in the field was a wholly different experience. It's breathtaking seeing these bees appear at the baits out of nowhere."

Brown conducted all the fieldwork in 1996 based on a methodology developed with Marcio Oliveira, currently of the National Institute for Amazonian Research in Manaus, who was a fellow graduate student at the time.




"He suggested that, given our opportunity to collect stingless bees in Rondonia, we should also include orchid bees in our research," Brown said. "To achieve this, we developed the methodology with the assistance of two young beekeepers from the region who temporarily abandoned their farming activities to join us in collecting bees throughout the state of Rondonia. Due to various commitments, publication was delayed. Fortunately, the scientific community appreciates the sharing of long-past data and observations."

While the data concerns bees that lived decades ago, their scientific value remains high. In part, this is because the survey covered a much broader geographic area -- the entire state of Rondonia -- than previous studies of orchid bees. The researchers said their aim was to discover impacts on orchid bees beyond the scale of forest patches and fragments.

"Reviewers acknowledged the age of our data but commended the diversity of species we discovered and our unique methodology," Brown said. "While conventional studies involve yearlong collection efforts in a handful of forest fragments, we sampled the bee population in 130 locations across the state in just an hour at each location. This unconventional approach revealed a wealth of bee diversity previously undocumented by others. Our results serve as an important baseline for future studies of biodiversity in the region."

The survey revealed one of the most diverse communities of orchid bees ever found (2,497 individuals, represented by five genera and 48 species across 12 collection zones and 130 sample locations). A rare species of parasitic bee (Aglae caerulea), one that lays eggs in the nests of other species, was found along with two species that are new to science.

However, the researchers report their work revealed the "richness, abundance and composition" of the bee populations were "signficantly impacted by agricultural colonization after as little as 10-17 years of settlement by colonist farmers and ranchers."

Brown said protecting orchid bee habitat and rainforests in general could largely be a matter of internal Brazilian politics and economics, but there were ways to boost their conservation.




"We are optimistic that stricter enforcement of environmental laws under Brazil's new administration will lead to lower deforestation rates in the Amazon," Brown said. "Additionally, there have been market-oriented strategies, such as the moratorium on purchases of soybeans from recently deforested land, that have slowed deforestation, an important finding from previous work published in PLOS ONE."

According to Brown, consumers largely are unaware of these conservation efforts because they are primarily organized at a high level involving agreements among large transportation companies, major soybean producers and large international environmental organizations.

"Our research highlighted the substantial reduction in deforestation resulting from these agreements," he said. "In light of this, the question arises: What actions can consumers take? Many of these initiatives are led by prominent environmental organizations that wield influence with both industry and government. When these organizations yield tangible results, individuals may consider contributing to support their endeavors, particularly if the cause aligns with their interests and is scientifically backed. Such contributions can make a discernible impact."
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The evolving attitudes of Gen X toward evolution | ScienceDaily
As the centennial of the Scopes Monkey Trial of 1925 approaches, a new study illustrates that the attitudes of Americans in Generation X toward evolution shifted as they aged.


						
The study, led by Jon D. Miller, research scientist emeritus in the Institute for Social Research at the University of Michigan, found that while students in middle and high school tended to express uncertain attitudes toward evolution, those attitudes solidified as they graduated high school, went to college and entered the workforce.

"Some may challenge whether the evolution issue is still of relevance and consider it to be a harmless curiosity," Miller said. "U.S. science and technology continue to prosper, although a substantial minority of American adults reject the idea that humans developed from earlier species of animals.

"However, we believe that there are numerous examples of public policy over recent decades when an understanding of basic biological constructs would have helped inform public and political debate on those issues."

The study, published in the journal Public Understanding of Science, used data collected from about 5,000 participants born in the center of Generation X, 1971-1974, over the course of 33 years, from middle school to midlife.

"Research on attitudes toward science typically uses a single survey or a series of surveys of different participants," Miller said. "Using the three-decade record from the Longitudinal Study of American Life enables our study to investigate how attitudes develop and shift over formative decades in the same individuals."

Middle school and high school students displayed a good deal of uncertainty about evolution, with a third having no attitude about evolution and 44% saying that the statement "human beings as we know them developed from earlier species of animals" was probably true or probably false, reflecting a degree of uncertainty about the issue.




During the 15 years after high school, 28% of these Generation X young adults concluded that evolution was definitely true and 27% thought that evolution was definitely false, according to co-author Mark Ackerman, a professor at Michigan Engineering, the U-M School of Information and Michigan Medicine.

"These results demonstrate the impact of postsecondary education, initial career experiences and the polarization of the political system in the United States," Ackerman said.

During the next 15 years (from their early 30s to their late 40s), these Generation X LSAL participants reported a small increase in the proportion of individuals seeing evolution as definitely true (30% in 2020) and a small decrease in the proportion seeing evolution as definitely false (23% in 2020). These results reflect the stabilization of the lives of LSAL respondents, with substantial numbers entering a career of their choice, starting a family and becoming more engaged with their community.

The study investigated the factors that were associated with the participants' attitudes toward evolution at three points during the study. As in a previous study by the same researchers, factors involving education tended to be strong predictors of the acceptance of evolution, while factors involving fundamentalist religious beliefs tended to be strong predictors of the rejection of evolution.

The experience of college-level science courses, the completion of baccalaureate or more advanced degrees, and the development of civic scientific literacy were strong predictors of increased acceptance of evolution.

"Our analysis of a unique longitudinal dataset allowed us to explore the development of attitudes toward a scientific topic in unprecedented detail," Miller said. "And understanding the public's attitudes toward evolution is of particular importance, since evolution is going to continue to be central to biological literacy and -- scientific literacy -- in the 21st century."

Besides Miller and Ackerman of the University of Michigan, authors included Belen Laspra and Carmelo Polino of the University of Oviedo (Spain), Glenn Branch of the National Center for Science Education, and Robert Pennock of Michigan State University.
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Cold-affinity algae species are gradually being replaced by warm-affinity ones off the coast of Biscay | ScienceDaily
The temperature of our planet is rising rapidly. Ninety per cent of the excess heat generated has been absorbed by the sea and, as a result, the surface temperature of the oceans has risen significantly. In this context, immobile and temperature-sensitive organisms are particularly vulnerable.


						
In addition, there are places where the warming of the sea is more significant than in others. For example, off the Basque coast there has been a 0.23 degC increase in sea temperature per decade, compared with a global increase of 0.15 degC. Faced with this situation, the UPV/EHU's Marine Benthos Research Group explored how macroalgae communities in a coastal area off Biscay have been affected by warming. Together with the Blanes Centre for Advanced Research, the group investigated the changes that have taken place over the last 40 years. "It is important to study how macroalgae communities respond to temperature increases in order to preserve marine biodiversity, as they play essential roles in ecosystems," said biologist Olatz Arriaga-Telleria.

One of the main conclusions drawn is the increase in warm-affinity species in the macroalgae communities off the Basque coast due to the increase in temperature, while cold-affinity ones are becoming less numerous. This has led to profound transformations in community structure, as the species that have declined the most, such as Gelidium corneum, are structuring, i.e. they create three-dimensional environments that provide refuge for a wide variety of organisms. What is more, they provide suitable habitats for other algae, fish, invertebrates, etc., where food and protection from predators, among other things, can be found. "We did not detect other species that are replacing these important ecological functions while the structuring species are in decline, which signifies a degradation of the communities," Arriaga explained. The warm-affinity species that have proliferated are smaller and more simple in morphological terms.

Resilience of macroalgae communities

The research has also shown that macroalgae communities respond very quickly to changes in sea temperature. This can be deduced from the data over the last decade. In fact, the temperature increase has not been homogeneous over the 40 years analysed. While the general trend has been upward, the most recent period (2014-2020) investigated saw warmer temperatures. Arriaga explained that "this has allowed us to study what the short-term response of the macroalgae communities is like; we saw that over these 6 years the presence of structuring species at great depths, which had been lost, has partially recovered, while some warm-affinity species have decreased."

Although the resilience displayed by the macroalgae gives rise to some hope, the research team stresses it does not look as if sea temperature control will be taking place right away. And given that temperature is the main cause of structural transformations in macroalgae communities, the team does not envisage an easy future. So they regard continuing the research and increasing the frequency of monitoring as essential: "This would help to better understand the behaviour of the macroalgae communities and to take proactive measures to protect the habitats of vulnerable species." One example could be to identify the areas with the potential to become climate refugia. They are working to find solutions before the situation becomes irreversible.

Olatz Arriaga-Telleria is a biologist and is writing up her PhD thesis with a grant from the Basque Government in the Department of Plant Biology and Ecology at the Faculty of Science and Technology of the UPV/EHU. She belongs to the Marine Benthos Research Group, which studies the impacts of climate change and pollution on macroalgae communities.
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A microbial plastic factory for high-quality green plastic | ScienceDaily
Engineered bacteria can produce a plastic modifier that makes renewably sourced plastic more processable, more fracture resistant and highly biodegradable even in sea water. The Kobe University development provides a platform for the industrial-scale, tunable production of a material that holds great potential for turning the plastic industry green.


						
Plastic is a hallmark of our civilization. It is a family of highly formable (hence the name), versatile and durable materials, most of which are also persistent in nature and therefore a significant source of pollution. Moreover, many plastics are produced from crude oil, a non-renewable resource. Engineers and researchers worldwide are searching for alternatives, but none have been found that exhibit the same advantages as conventional plastics while avoiding their problems. One of the most promising alternatives is polylactic acid, which can be produced from plants, but it is brittle and does not degrade well.

To overcome these difficulties, Kobe University bioengineers around TAGUCHI Seiichi together with the biodegradable polymer manufacturing company Kaneka Corporation decided to mix polylactic acid with another bioplastic, called LAHB, which has a range of desirable properties, but most of all it is biodegradable and mixes well with polylactic acid. However, in order to produce LAHB, they needed to engineer a strain of bacteria that naturally produces a precursor, by systematically manipulating the organism's genome through the addition of new genes and the deletion of interfering ones.

In the scientific journal ACS Sustainable Chemistry & Engineering, they now report that they could thus create a bacterial plastic factory that produces chains of LAHB in high amounts, using just glucose as feedstock. In addition, they also show that by modifying the genome, they could control the length of the LAHB chain and thus the properties of the resulting plastic. They were thus able to produce LAHB chains up to ten times longer than with conventional methods, which they call "ultra-high molecular weight LAHB."

Most importantly, by adding LAHB of this unprecedented length to polylactic acid, they could create a material that exhibits all the properties the researchers had aimed for. The resulting highly transparent plastic is much better moldable and more shock resistant than pure polylactic acid, and also biodegrades in seawater within a week. Taguchi comments on this achievement, saying "By blending polylactic acid with LAHB, the multiple problems of polylactic acid can be overcome in one fell swoop, and the so modified material is expected to become an environmentally sustainable bioplastic that satisfies the conflicting needs of physical robustness and biodegradability."

The Kobe University bioengineers, however, dream bigger. The strain of bacteria they used in this work is in principle able to use CO2 as a raw material. It should thus be possible to synthesize useful plastics directly from the greenhouse gas. Taguchi explains, "Through the synergy of multiple projects, we aim to realize a biomanufacturing technology that effectively links microbial production and material development."

This research was commissioned by the New Energy and Industrial Technology Development Organization of Japan (grant JPNP20005) and funded by the Ministry of Education, Culture, Sports, Science and Technology Japan (grant 19K22069) and the Japan Science and Technology Agency (grant JPMJTM19YC). It was conducted in collaboration with researchers from Kaneka Corporation and the National Institute of Advanced Industrial Science and Technology.
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New device gathers, stores electricity in remote settings | ScienceDaily
Today wirelessly connected devices are performing an expanding array of applications, such as monitoring the condition of engines and machinery and remote sensing in agricultural settings. Systems known as the "Internet of Things" (IoT), hold much potential for improving the efficiency and safety of the equipment.


						
Yet stumbling blocks remain for IoT, thwarting many potential applications. How do you power these devices in situations where and when reliable electrical sources are not practically available?

Research from the University of Utah's College of Engineering points to a possible solution in the form of a novel type of battery called a pyroelectrochemical cell (PEC).

The device was developed and tested in the research labs of Roseanne Warren and Shad Roundy, both associate professors of mechanical engineering.

"It's our idea for an integrated device that could harvest ambient thermal energy and convert it directly into stored electrochemical energy in the form of a supercapacitor or battery with applications for the Internet of things and distributed sensors," said Warren, the senior author on a new study that demonstrates a proof of concept.

"We're talking very low levels of energy harvesting, but the ability to have sensors that can be distributed and not need to be recharged in the field is the main advantage," she added. "We explored the basic physics of it and found that it could generate a charge with an increase in temperature or a decrease in temperature."

The study is the cover feature in the March 21 edition of the journal Energy & Environmental Science, published by the Royal Society of Chemistry.




The device is charged by changing temperatures in the surrounding environment, whether it's inside a car or aircraft or just under the soil in an agricultural environment. In theory, the PEC could power sensors for IoT applications that would otherwise be impractical to recharge.

A solar cell would work fine in some situations, according to Roundy, a co-author of the study.

"But in a lot of environments, you run into two problems," said Roundy. "One is that it gets dirty over time. Solar cells have to be kept clean. So in these types of applications, they get dirty and their power degrades. And then there are a lot of applications where you just don't have sunlight available. For example, we work on soil sensors that we put just under the top surface of the soil. You're not going to get any sunlight."

The PEC uses a pyroelectric composite material, as the separator in an electrochemical cell. The material consists of porous polyvinylidene fluoride (PVDF) and barium titanate nanoparticles. This material's electrical properties change as it's heated or cooled, which decreases or increases the polarization of the pyroelectric separator

Changing temperatures create an electric field inside the cell, pushing ions around and enabling the cell store to energy.

"It stores electricity in what's called an electric double layer, which stores the charge in positive and negative layers of ions. This is a glorified capacitor," said lead author Tim Kowalchik, a graduate student in Warren's lab. "When you heat and cool the system and you're storing electrochemical energy, you're changing the amount of positive or negative ions that are in those layers."

The new study tested the lab's theory of how the cell would operate.




"We had a predicted model of function that included what we called an 'orientation effect' in the paper," Kowalchik said. "If we change the reverse the orientation of separator in the cell, it should drive ions the other way. This is a change we can make to the system that will show a different result that we can gather."

The team's experiments were set up to determine if the cells would respond as they predicted. Besides the orientation effect, there were heating vs. cooling effects that needed to be tested.

"If you heat the thing one way, you should get something to happen. If you cool it first, you should get something to happen and that should show up differently," Kowalchik said. "We did that with a process called amperometry. You put a voltage across it and you hold that voltage constant and measure current. Your energy into the system is constant if nothing changes; if there is energy going into the system, the current changes."

The cell did respond as the team theorized it would, but can it work outside a lab? That's the next question Warren seeks to address. One of her students is now undertaking circuit modeling to design a cell and optimize its function.

"Now we start to change different parameters," Warren said. "How can we improve the energy harvesting and storage and the combination of the two? And then after that would be a real-world field demonstration."

The cell could produce up to 100 microjoules per square centimeter from a single heating/cooling cycle, which is not much energy, but enough to be useful for IoT purposes, according to the research.

"You want to monitor the condition of your car, the condition of machines, the condition of plants and soil and those kinds of things. Those types of sensors are generally going to be quite a bit lower power than your smartwatch or your phone, which have a display and they're transmitting a lot of data," Roundy said. "The sensors we're talking about might just give periodic updates and they operate autonomously. They don't have an interface or a screen."

The study, titled "Direct Conversion of Thermal Energy to Stored Electrochemical Energy via a Self-Charging Pyroelectrochemical Cell," was funded by the National Science Foundation. Also contributing were Fariha Khan and Danielle Horlacher. Horlacher is an undergraduate art student who has been working for Warren's group on scientific illustrations. She created the above image that displayed on the cover of the journal.
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Scientist helps link climate change to Madagascar's megadrought | ScienceDaily
A University of California, Irvine-led team reveals a clear link between human-driven climate change and the years-long drought currently gripping southern Madagascar. Their study appears in the Nature journal Climate and Atmospheric Science.


						
"Using remotely sensed observations and climate models, we could see evidence that climate change is affecting the hydrological cycle in southern Madagascar, and it's likely going to have big implications for the people that live there and how they grow their food," said Angela Rigden, assistant professor of Earth system science at UC Irvine and study lead author. "Their rainy season is getting shorter, with a delayed onset of those seasons."

What helped the Rigden team make the connection between the drought and climate change was a multi-year satellite record of vegetation greenness which shows shifts in southern Madagascar that indicate changes in water availability. "We've taken satellite-based remote sensing data of plants and related it to how much water is available in the soils," she said.

The team then compared the shift in the rainy season window to what some climate models report would happen in the absence of human-driven climate change, and that is when they noticed the narrowing rainy season window. "That's the fingerprint of climate change, the change in seasonality," Rigden said.

Another key was the multi-year nature of the satellite record, which stretches back to the early 1980s. Such long observational records, especially for less developed and poverty-stricken places like southern Madagascar, are only available from satellites.

"We finally have a record long enough that we can see changes that are attributable to climate change," Rigden said. "And there's clear agreement between these observations and climate models that point to changes in seasonality."

Christopher Golden, an associate professor of nutrition and planetary health at the Harvard University T.H. Chan School of Public Health and a study co-author, has been doing fieldwork in Madagascar for the past 25 years. He explained how southern Madagascar is an arid part of the world even without drought conditions, and that local people have borne witness to changes in rainfall patterns over the decades.




Colleagues at Catholic Relief Services and the USAID Mission to Madagascar, who are key stakeholders in the study, alerted Golden to the issues facing the country. For Rigden, the road to the study came after the United Nations announced that southern Madagascar was in a state of famine as a result of climate change in 2021. She wanted to see what satellite data might reveal about the situation.

"Our study shows that this phenomenon is entirely driven by climate change," said Golden, who added that the study will help scientists provide more confident recommendations to policymakers who make decisions about where to send relief aid in the world. "The picture is that this is going to be recurrent into the future," Golden said, which is information that can help officials justify the financing of relief efforts.

If populations know that events like droughts are not anomalies but part of a new normal, they can better prepare for the future. "We can come up with strategies to adapt," Rigden said.

Funding came from Catholic Relief Services (Madagascar) through their partnership and funding arrangements with USAID.
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Tiny plastic particles are found everywhere | ScienceDaily
It's not the first study on microplastics in Antarctica that researchers from the University of Basel and the Alfred-Wegener Institute (AWI) have conducted. But analysis of the data from an expedition in spring 2021 shows that environmental pollution from these tiny plastic particles is a bigger problem in the remote Weddell Sea than was previously known.


						
The total of 17 seawater samples all indicated higher concentrations of microplastics than in previous studies. "The reason for this is the type of sampling we conducted," says Clara Leistenschneider, doctoral candidate in the Department of Environmental Sciences at the University of Basel and lead author of the study.

The current study focused on particles measuring between 11 and 500 micrometers in size. The researchers collected them by pumping water into tanks, filtering it, and then analyzing it using infrared spectroscopy. Previous studies in the region had mostly collected microplastic particles out of the ocean using fine nets with a mesh size of around 300 micrometers. Smaller particles would simply pass through these plankton nets.

The results of the new study indicate that 98.3 percent of the plastic particles present in the water were smaller than 300 micrometers, meaning that they were not collected in previous samples. "Pollution in the Antarctic Ocean goes far beyond what was reported in past studies," Leistenschneider notes. The study appears in the journal Science of the Total Environment.

What role do ocean currents play?

The individual samples were polluted to different extents. The offshore samples, which were collected north of the continental slope and the Antarctic Slope Current, contained the highest concentrations of microplastics. The reasons for this are not conclusively known. It may be that the ice that tends to form near the coast retains the tiny plastic particles, and they are only released back into the water when the ice melts. It could also be the case that ocean currents play a role. "They might work like a barrier, reducing water exchange between the north and south," suggests Gunnar Gerdts from the AWI in Heligoland, Germany.

What is certainly true is that ocean currents are an important factor and the subject of many open questions in the field. So far the researchers have only examined water samples from the ocean surface, but not from lower depths. This is primarily due to limited time on the ship expeditions for taking samples and to equipment with insufficient pumping capacity. "It would nonetheless be revealing to analyze such data, since the deep currents differ greatly from the surface currents and thermohaline circulation leads to exchange with water masses from northern regions," Leistenschneider says.




It is also still unclear how the microplastics make their way to the Weddell Sea in the first place and whether they ever leave the region. The strong Antarctic Circumpolar Current, which flows all the way around the Antarctic Ocean at a latitude of about 60deg south, might prevent their departure. The researchers are also not yet able to say conclusively where the microplastics originate. Possible sources include regional ship traffic from the tourism, fishing and research industries, as well as research stations on land. However, the microplastics might also make their way to Antarctica from other regions via ocean currents or atmospheric transport.

Research leads to awareness

Clara Leistenschneider plans to focus next on analyzing the sediment samples she collected during the same expedition. This should provide information about how microplastics are accumulating on the sea floor, which is home to unique and sensitive organisms and is a breeding ground for Antarctic icefish (Bovichtidae).

With the increase in tourism in the Antarctic Ocean, pollution may increase even more in the future, further impacting the environment and the food chain.

Nonetheless, Leistenschneider remains cautiously optimistic: "Research on the topic has dramatically increased awareness in recent years of the problems that microplastics cause for the environment and all living organisms." Although there is no all-encompassing solution, she notes that a variety of stakeholders all over the world are working intensively to better understand the problem and develop innovative ideas to reduce plastic pollution. And, of course, "every individual who engages in environmentally-conscious behavior can bring about positive change."
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What's quieter than a fish? A school of them | ScienceDaily
Swimming in schools makes fish surprisingly stealthy underwater, with a group able to sound like a single fish.


						
The new findings by Johns Hopkins University engineers working with a high-tech simulation of schooling mackerel, offers new insight into why fish swim in schools and promise for the design and operation of much quieter submarines and autonomous undersea vehicles.

"It's widely known that swimming in groups provides fish with added protection from predators, but we questioned whether it also contributes to reducing their noise," said senior author Rajat Mittal. "Our results suggest that the substantial decrease in their acoustic signature when swimming in groups, compared to solo swimming, may indeed be another factor driving the formation of fish schools."

The work is newly published in Bioinspiration & Biomimetics.

The team created a 3D model based on the common mackerel to simulate different numbers of fish swimming, changing up their formations, how close they swam to one another, and the degrees to which their movements synched. The model, which applies to many fish species, simulates one to nine mackerel being propelled forward by their tail fins.

The team found that a school of fish moving together in just the right way was stunningly effective at noise reduction: A school of seven fish sounded like a single fish.

"A predator, such as a shark, may perceive it as hearing a lone fish instead of a group," Mittal said. "This could have significant implications for prey fish."

The single biggest key to sound reduction, the team found, was the synchronization of the school's tail flapping -- or actually the lack thereof.




If fish moved in unison, flapping their tail fins at the same time, the sound added up and there was no reduction in total sound. But if they alternated tail flaps, the fish canceled out each other's sound, the researchers found.

"Sound is a wave," Mittal said. "Two waves can either add up if they are exactly in phase or they can cancel each other if they are exactly out of phase. That's kind of what's happening here though we're talking about faint sounds that would barely be audible to a human."

The tail fin movements that reduce sound also generate flow interaction between the fish that allow the fish to swim faster while using less energy, said lead author Ji Zhou, a Johns Hopkins graduate student studying mechanical engineering.

"We find that reduction in flow-generated noise does not have to come at the expense of performance," Zhou said. "We found cases where significant reductions in noise are accompanied by noticeable increases in per capita thrust, due to the hydrodynamic interactions between the swimmers."

The team was surprised to find that the sound reduction benefits kick in as soon as one swimming fish joins another. Noise reduction grows as more fish join a school, but the team expects the benefits to cap off at some point.

"Simply being together and swimming in any manner contributes to reducing the sound signature," Mittal said. "No coordination between the fish is required."

Next the team plans to add ocean turbulence into the models and create simulations that allow the fish to swim more "freely."
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Birdfeeders are designed to keep unwanted guests away | ScienceDaily

Bird feeding is a common hobby in many Western countries and has been studied extensively. Nevertheless, birdfeeders have been studied less, despite being a crucial material part of bird feeding practices.

The researchers noted four major changes in birdfeeder design: first, a roof was placed on top of the feeding board, secondly, the birdfeeder was placed on top of a high stick or was hung from a high place, thirdly, the slit where food was available was reduced in size, and fourthly, automated feeders became much more common. The research conducted at the University of Helsinki and Aalto University suggests that the reason for these design choices was more concerned with excluding species from the feeder rather than feeding birds.

- We argue that a birdfeeder is not essential for feeding birds, as food can simply be thrown on the ground. Birdfeeders were designed to keep unwanted guests, such as rats, corvids, or salmonella, away, so that small-sized birds can obtain more food and are kept safe, says the first author of the paper, postdoctoral researcher in cultural history, Heta Lahdesmaki from the University of Helsinki.

Earlier research has shown that the users of artefacts and technology shape the design of the artefacts. This research used descriptions of birdfeeders and guidelines for bird feeding and birdfeeder structures issued in Finnish newspapers and magazines from the end of the 19th century until the end of the 20th century. The transdisciplinary research combined approaches from environmental history, environmental humanities, design studies, and studies of technology and science to uncover the role of other species than humans in the evolution of technological artefacts.

The phases in the evolution of birdfeeder design were clear and discreet

In the first stage, at the turn of the 20th century, a roof was added to the designs, to keep snow and rainwater away from the food. From the 1910s onward, the birdfeeder was suggested to be placed either hanging or on top of a long stick, to prevent cats that were hunting birds or rats that were after the birdfeed from reaching the birdfeeder. In the 1930s, birdfeeder slits for seeds were recommended to be kept small enough to prevent larger-sized birds from accessing the feed. During the final phase, from the 1970s onwards, Salmonella and other pathogens began worrying people and birdfeeder design began prioritizing easy cleaning and keeping bird faeces away from the feeder.

- The evolution in birdfeeder design is a story of reciprocal actions, where humans want to prevent some species, such as the rat, from accessing birdfeeders by modifying the structure, after which the rats test whether the modification was efficient. The bird table design concurrently tells us a great deal about the changing attitudes towards species in our own backyards, when additional species are perceived to be problematic, says senior author, Academy Research Fellow, ecologist Tuomas Aivelo, University of Helsinki.

- Many articles concerning birdfeeders and bird feeding have been published in Finnish newspapers and magazines, and bird feeding is clearly a dear hobby for many people. While a great deal has been written about welcome guests, such as various endangered species, unwanted guests also elicit an equally passionate discourse. Especially Salmonella has led people who use the "wrong" type of old-fashioned birdfeeders to be branded as the worst threat to small-sized birds, Lahdesmaki says.

The bird feeding research will continue by analysing the photos and stories regarding birdfeeders that were obtained from Finnish birdfeeding enthusiasts during winter 2022-23. This research is part of the interdisciplinary Helsinki Urban Rat Project led by Tuomas Aivelo, and it was funded by the Helsinki Institute of Sustainability Science. 
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'Teacher Toads' can save native animals from toxic cane toads | ScienceDaily

The study, led by wildlife biologist Dr Georgia Ward-Fear, a Postdoctoral Research Fellow at Macquarie University, showed high survival rates in groups of goannas in the remote Kimberley region of Western Australia trained to avoid poisonous cane toads.

"Our work in adaptive management for conservation is based on decades of cane toad research and involves a broad group of people and organisations," says Dr Ward-Fear.

"Cane toads crossed into Western Australia in 2009 and have made it most of the way across the Kimberley, with disastrous results.

"When apex predators like goannas eat an adult cane toad, they die quickly and painfully -- and when they disappear, it affects the whole food web."

Together with Macquarie University evolutionary biologist Professor Rick Shine, Dr Ward-Fear ran small scale field trials in 2016 showing when lizards are first exposed to younger, smaller cane toads, they get sick from eating them, but don't die. Most will then avoid eating another cane toad and survive.

"It's a form of ecological immunisation, building resilience in native wildlife against invasive species," Dr Ward-Fear says.




Teaching Taste Aversion

Using sites at the frontline of the cane toad invasion, the study field-tested this method (called 'conditioned taste aversion') on groups of yellow-spotted monitors, a tropical goanna species heavily impacted by cane toad spread.

"Cane toads have so far been unstoppable, so we wanted to scale up our success in small areas, to a landscape approach," says Dr Ward-Fear.

Initially, the team taste-trained individual goannas in the field, tracking them with radio tags during the arrival of the highly poisonous adult cane toads heading the invasion frontline. The taste-trained goannas had far better survival rates.

As cane toads arrive, we see a very rapid and huge decline in the larger predators which regulate the food web from the top. This imbalance sends ripples through the whole ecosystem.

The 'taster toad' method was then trialled at an ecosystem scale.




The results were remarkable, says Dr Ward-Fear. At control sites which did not introduce the small 'taster toads' before the larger, highly poisonous adult cane toads arrived, goanna populations plummeted by up to 94 per cent.

However, at sites where taste aversion was trialled, goanna populations ranged from 35 per cent to 140 per cent of pre-invasion levels by the time the study finished.

Group effort the key to success

Dr Ward-Fear says this study tracks Australia's largest cane toad mitigation strategy to date, so upscaling the methodology from individual trials to the ecosystem level was an exercise in logistics and collaborative partnerships.

"The strategy involved releasing thousands of eggs, tadpoles and juvenile cane toads into wild waterbodies in the Fitzroy Valley in Western Australia's Kimberley region, immediately ahead of the invasion frontline," says Dr Ward-Fear.

This ambitious approach depended heavily on collaboration with the Cane Toad Coalition, a group of research, conservation and land management organisations coordinated by Dr Ward-Fear and Professor Shine, and supported by an Australian Research Council grant.

?Working with the Bunuba Rangers and the Western Australian Department of Biodiversity, Conservation and Attractions to raise then release juvenile toads, the team used camera traps and sardine-tin baits to observe goanna populations.

Food web impact

Goannas, crocodiles and other larger predators are the only species directly affected by cane toads, but the knock-on effect in Northern Australia of losing these animals has been profound, Dr Ward-Fear says.

Cane toads were introduced to Australian sugar cane farms in 1935 to control pests and have since spread across the tropics, decimating populations of native Australian predators who eat them.

"As cane toads arrive, we see a very rapid and huge decline in the larger predators which regulate the food web from the top. This imbalance sends ripples through the whole ecosystem," she says.

Free from large predators, snakes and lizards breed up in huge numbers, exerting strong pressure on their prey species like frogs and small lizards, who then decline. This can see insect species proliferate, annihilating many plant species.

"Goannas are significant cultural totems for Traditional Owners across northern Australia, and an important bush tucker food," Dr Ward-Fear says.

"In parts of the Kimberley there can be five different language words associated with a goanna burrow, for example -- nesting burrows, night-time burrows and so on, so when that species disappears from the landscape, it's more difficult to practice those aspects of your culture."

Long term effects

Dr Ward-Fear says although their intervention was targeted to relatively small, specific populations in Western Australia, its results will have long-term impacts.

"By managing the initial impact of the invasion, we see ongoing survival of goanna populations because after cane toads invade and begin breeding, plenty of baby toads will "train" the next generation of goannas, without us having to keep adding more toads to the system."

Dr Ward-Fear says the research shows that behavioural interventions can be a viable alternative to traditional wildlife management approaches that try to wipe out invasive species -- a goal that is often impossible to achieve.

"While it's impossible to deploy 'teacher toads' right across the Australian tropics, we can maintain pockets with healthy predator populations, and potentially these can repopulate areas where goannas have become locally extinct," she says.

"We're optimistic that even a single deployment can have long-term effects."

Dr Georgia Ward-Fear is a wildlife biologist in the School of Natural Sciences. She formed the Cane Toad Coalition and worked with a broad group of stakeholders to trial the large-scale cane toad intervention.
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Impact of climate change on marine life much bigger than previously known | ScienceDaily
Fish and invertebrate animals are far more affected by warmer and more acidic seawater than was previously known. This is the conclusion of a study co-led by NIOZ marine biologist Katharina Alter, based on a new analysis method and published in the scientific journal Nature Communications.


						
Lead author Katharina Alter of the Royal Netherlands Institute for Sea Research (NIOZ) explains why it is essential to summarize and analyze the results of published studies addressing the effects of climate change: "To gain a better understanding of the overall worldwide impact of climate change, marine biologists calculate its effects on all fish or all invertebrate species lumped together. Yet, effects determined in different individual studies can cancel each other out: for example if invertebrate animals such as snails profit from a certain environmental change and other invertebrates, such as sea urchins, suffer from it, the overall effect for invertebrates is concluded to be zero, although both animal groups are affected."

In fact, snails eat more due to climate change and sea urchins eat less. Alter: "Both effects matter and even have cascading effects: turf algae, the food for sea urchins, grow more while the growth of kelp, the food for gastropods, decreases. The difference in feeding in the two invertebrates causes a shift in the ecosystem from a kelp dominated ecosystem to a turf algae dominated ecosystem, consequently changing the living environment for all other animals living in this ecosystem."

Important for understanding ecological shifts

Together with colleagues from Wageningen University and 12 other research institutions from the US, France, Argentina, Italy and Chile, dr. Alter developed the new research method that no longer cancels out seemingly contradictory results, but uses both to determine the consequences of climate change on animals' fitness.

Before the use of this method, ocean warming and more acidic seawater was known to negatively affect fish and invertebrate animals in three general ways: their chance of survival is reduced, their metabolism is increased, and the skeletons of invertebrates are weakened.

Using the new method, the international group of marine researchers discovered that climate change has negative effects on additional important biological responses of fish and invertebrates: physiology, reproduction, behaviour and physical development. Alter: "Because this may result in ecological shifts impacting marine ecosystem structures, our results suggest that climate change will likely have stronger impacts than previously thought."

Up to 100% of biological processes affected




Increasing levels of carbon dioxide in the air have been causing warmer and more acidic seawater for decades, a trend that is expected to continue in the future. However, it is unknown at which speed and to what extent.

Alter and her colleagues calculated the consequences of three projected scenarios of carbon dioxide increase, and thus of ocean warming and ocean acidification: extreme increase, moderate increase at the current speed and -- due to possible measures -- mitigated increase. Alter: "Our new approach suggests that if ocean warming and acidification continue on the current trajectory, up to 100% of the biological processes in fish and invertebrate species will be affected, while previous research methods found changes in only about 20 and 25% of all processes, respectively."

Furthermore, the research shows that measures to mitigate atmospheric carbon dioxide levels will help reduce changes in biological processes: in the low carbon dioxide scenario, 50% of responses in invertebrates and 30% in fish will be affected.

Detect hidden impacts

The big gain of the new method, according to Alter, is that more details become known about effects of climate change on species. "The new calculation method weighs the significant deviation from the current state irrespective of its direction -- be it beneficial or detrimental -- and counts it as impact of warming and acidifying seawater. With our new approach, you can include the broadest range of measured responses and detect impacts that were hidden in the traditional approach."
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Humans can increase biodiversity, archaeological study shows | ScienceDaily
Cultural diversity is likely to have an overall positive effect on the biodiversity of ecosystems. The homogenization of human life forms may therefore be regarded as an important motor of the ongoing major extinction events in the 'Age of Humans' (Anthropocene). Dr Shumon T. Hussain from the University of Cologne and Dr Chris Baumann from the University of Tubingen come to this conclusion in their recent article 'The human side of biodiversity: coevolution of the human niche, paleo-synanthropy and ecosystem complexity in the deep human past' published in the journal Philosophical Transactions of the Royal Society B.


						
The article fits into the current thematic focus 'Multispecies Conviviality' of the University of Cologne's Research Hub MESH (Multidisciplinary Environmental Studies in the Humanities).

In their publication, the scientists examine the role of past humans in the evolution and control of biodiversity on our planet. The archaeologists offer a deep-time perspective grounded in material and ecological data to argue that the idea that humans had lived harmoniously with nature as hunter-gatherers mischaracterizes the fundamental problem of human interaction with ecosystems. The scientists also criticize that in the recent past, with regard to the aforementioned extinction events, the so-called biodiversity loss in the Anthropocene, attempts have often been made to highlight that people had actively intervened in their ecosystem more than 10,000 years ago, notably with negative consequences.

The researchers suggest that the relationship between humans and ecosystems has always been much more complicated and complex, and that, in addition to negative effects, there are also positive effects on biodiversity that follow certain rules. "Oftentimes, it can even be said that biodiversity loss occurs locally due to human activity, but biodiversity is strongly promoted elsewhere; these dynamics must therefore be placed in a wider context," said Hussain.

The research combines various case studies from the Late Pleistocene (approx. 120,000 to 11,800 years before present) and is also based on a recent study of the two authors on ravens from the ice age, which shows that these birds benefited from humans as neighbours about 30,000 years ago -- especially from food options that hunter-gatherers in the environment provided for these animals.

The archaeologists based their research on the results of zooarchaeological and stable isotope analyses, which were applied in the case of ravens, and used this and other already published, contextual archaeological information to show that such processes can lead to an increase in biodiversity on a local level. This is because certain animals benefit from human influence and others that are excluded locally by humans, such as larger predators, move to other areas. Overall, this increases the heterogeneity and complexity of such ecosystems, thereby often resulting in a positive effect on overall biodiversity.

"Ultimately, we try to argue that biodiversity regimes cannot be separated from human influence and that not all of these influences are merely negative," explained Shumon Hussain. "It also follows that increased diversity in human life forms probably has an overall positive effect on biodiversity as a whole, and that a decisive driver of the biodiversity crisis in the Anthropocene is in part also the homogenization of human life in nature and with it."
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Machine learning method reveals chromosome locations in individual cell nucleus | ScienceDaily
Researchers from Carnegie Mellon University's School of Computer Science have made a significant advancement toward understanding how the human genome is organized inside a single cell. This knowledge is crucial for analyzing how DNA structure influences gene expression and disease processes.


						
In a paper published by the journal Nature Methods, Ray and Stephanie Lane Professor of Computational Biology Jian Ma and former Ph.D. students Kyle Xiong and Ruochi Zhang introduce scGHOST, a machine learning method that detects subcompartments -- a specific type of 3D genome feature in the cell nucleus -- and connects them to gene expression patterns.

In human cells, chromosomes aren't arranged linearly but are folded into 3D structures. Researchers are particularly interested in 3D genome subcompartments because they reveal where chromosomes are located spatially inside the nucleus.

"One of the ultimate goals of single-cell biology is to elucidate the connections between cellular structure and function across a wide variety of biological contexts," Ma said. "In this case, we are exploring how chromosome organization within the nucleus correlates with gene expression."

While new technologies allow the study of these structures at the single-cell level, poor data quality can hinder precise understanding. scGHOST addresses this problem by using graph-based machine learning to enhance the data, making it easier to pinpoint and identify how chromosomes are spatially organized. scGHOST builds upon the Higashi method Ma's research group previously developed.

With the ability to accurately identify 3D genome subcompartments, scGHOST adds to the growing array of single-cell analysis tools scientists use to delineate the intricate molecular landscape of complex tissues, such as those in the brain. Ma anticipates that scGHOST could open new avenues to understanding gene regulation in health and disease.
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Subterranean storage of hydrogen | ScienceDaily
Imagine a vast volume of porous sandstone reservoir, once full of oil and natural gas, now full of a different, carbon-free fuel -- hydrogen.


						
Scientists at Sandia National Laboratories are using computer simulations and laboratory experiments to see if depleted oil and natural gas reservoirs can be used for storing this carbon-free fuel. Hydrogen is an important clean fuel: It can be made by splitting water using solar or wind power, it can be used to generate electricity and power heavy industry, and it could be used to power fuel-cell-based vehicles. Additionally, hydrogen could be stored for months and used when energy needs outpace the supply delivered by renewable energy sources.

"Hydrogen would be good for seasonal and long-term storage," said Sandia chemical engineer Tuan Ho, who is leading the research. "If you think of solar energy, in the summer you can produce a lot of electricity, but you don't need a lot for heating. The excess can be turned into hydrogen and stored until winter."

However, hydrogen contains much less "bang" in a set volume than carbon-based fuels such as natural gas or propane and is much more difficult to compress, Ho said. This means storing huge amounts of hydrogen in metal tanks on the surface is just not feasible, he added.

Hydrogen can be stored underground in salt caverns, but salt deposits are not widespread across the U.S., said Don Conley, the manager for Sandia's underground hydrogen storage work. Therefore, Ho's team is studying if hydrogen stored in depleted oil and gas reservoirs will get stuck in the rock, leak out, or get contaminated.

Ho's team recently shared their findings in a paper published in the International Journal of Hydrogen Energy.

Leaky rocks or secure storage

First, Ho's team studied if hydrogen would get stuck in the sandstone or shale that forms the body and seal around many oil and gas reservoirs or leak out. Sandstone is composed of sand-sized grains of minerals and rocks that have been compressed over eons; sandstone has a lot of gaps between particles and thus can store water in aquifers or form oil and gas reservoirs. Shale is mud compressed into rock and is made up of much smaller particles of clay-rich minerals. Thus, shale can form a seal around sandstone, trapping oil and natural gas.




"You want the hydrogen to stay where you inject it," Ho said. "You don't want it to migrate away from the storage zone and get lost. That's just a waste of money, which is a big concern for any storage facility."

Ho's collaborators at the University of Oklahoma used experiments to study how hydrogen interacts with samples of sandstone and shale. They found that hydrogen does not stay inside sandstone after it is pumped out, but up to 10% of the adsorbed gas got stuck inside the shale sample, Ho said. These results were confirmed by Ho's computer simulations.

Taking a closer look at a specific type of clay that is common in the shale around oil and gas reservoirs, Ho conducted computer simulations of the molecular interactions between layers of montmorillonite clay, water and hydrogen. He found that hydrogen does not prefer to go into the watery gaps between mineral layers of that kind of clay.

This means that the loss of hydrogen in clay due to getting stuck or moving through it would be tiny, Ho said. This is quite positive for underground storage of hydrogen. These findings on clay were published last year in the journal Sustainable Energy and Fuels.

Additional absorption experiments are being conducted at Stevens Institute of Technology and the University of Oklahoma to confirm the molecular simulation results, Ho said.

Risks of contamination

Using both experiments and simulation, Ho's team found that residual natural gas can be released from the rock into the hydrogen when hydrogen is injected into a depleted natural gas reservoir. This means that when the hydrogen is removed for use, it will contain a small amount of natural gas, Ho said.




"That's not terrible because natural gas still has energy, but it contains carbon, so when this hydrogen is burned, it will produce a small amount of carbon dioxide," Ho said. "It's something we need to be aware of."

Ho's team, principally Sandia postdoctoral researcher Aditya Choudhary, is currently studying the effects of hydrogen on a depleted oil reservoir and how leftover oil might contaminate or interact with hydrogen gas using both molecular simulations and experiments.

The findings from Ho's research can be used to inform and guide large field-scale tests of underground hydrogen storage, said Conley, the manager for Sandia's portion of the Department of Energy Office of Fossil Energy and Carbon Management's Subsurface Hydrogen Assessment, Storage, and Technology Acceleration project. The SHASTA project plans to conduct such a field-scale test in the future to demonstrate the feasibility of depleted oil and natural gas reservoirs for hydrogen storage, he added.

Additional research is needed to understand how microorganisms and other chemicals in depleted petroleum reservoirs might interact with stored hydrogen, Ho said.

"If we want to create a hydrogen economy, we really need widely distributed means of storing large quantities of hydrogen," Conley said. "Storage in salt is excellent where it exists, but it can't be the sole option. So, we're turning to depleted oil and gas reservoirs and aquifers as more geologically distributed means of storing large quantities of hydrogen. It's all in the name of decarbonizing the energy sector."

The project is funded by Sandia's Laboratory Directed Research and Development program.
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Humans converted at least 250,000 acres of estuaries to cities, farms in last 35 years | ScienceDaily
Worldwide over the past 35 years, dams and land reclamation activities converted 250,000 acres of estuary -- an area roughly 17 times the size of Manhattan -- to urban land or agricultural fields, with most land conversion and estuary loss in rapidly developing countries, a new study finds. The findings could help developing countries avoid problems faced by countries that have already lost or degraded their estuaries.


						
Estuaries -- wetland ecosystems where freshwater rivers meet saline ocean waters -- are gateways connecting land and sea. They provide habitat for wildlife, sequester carbon, and serve as hubs for transport and shipping. People have been molding estuaries to fit their needs for thousands of years, and now, some countries are paying the price. Estuary degradation and loss can lower water quality, shrink and fragment critical habitats and remove coastlines' protection from storms.

"Estuary change is really interesting, especially in 20th century, because estuaries have been altered by humans by the construction of estuarine dams and land reclamation," said Guan-hong Lee, a geoscientist at Inha University in South Korea who led the study. "When estuaries are modified by humans, the consequences for land loss are surprisingly huge."

Many developed countries, such as the Netherlands and Germany, have already modified or lost large areas of urban estuaries. Countries with significant modifications to their estuaries could serve as a warning of sorts for developing countries, and acting soon to conserve estuaries is an opportunity to protect developing countries' environmental and economic benefits, Lee said.

The study was published in the AGU journal Earth's Future, which publishes interdisciplinary research on the past, present and future of our planet and its inhabitants.

Estuary loss for urban gain

Using Landsat remote sensing data from 1984 to 2019, the researchers identified 2,396 estuaries around the world that were large enough to measure with satellite imagery (those with mouths wider than 90 meters, or 295 feet). Nearly half (47%) of these large estuaries are in Asia; the dataset includes estuaries on all major land masses except Antarctica and Greenland. They also identified land-use changes, including land conversion and dam building.




The team then measured the change in estuarine surface area and compared those changes to where land reclamation and dam building had occurred.

For the studied estuaries, between 1984 and 2019 humans converted 1,027 square kilometers (397 square miles, or 250,000 acres) of estuary to urban or agricultural lands in a process called land reclamation, the study found. Land reclamation, which can include drying land and adding sediment to build land, accounted for 20% of estuary loss. Globally, humans altered 44% of the estuaries with dams and/or land reclamation, the study found.

Economics of estuary development

To explore the relationship between estuary gain or loss and economic development, the researchers compared countries' gross income per capita to land reclamation and estuary area. They also analyzed historical maps of high-income countries to find evidence of earlier estuary alteration and included 8 case studies of low-, middle-, and high-income countries' estuary loss.

Middle-income countries lost the most estuarine area during the study period, and almost 90% of all land reclamation (921 square kilometers, or 356 square miles) occurred there, too. "As a country is transitioning to middle-income, they tend to increase development," Lee said.

High-income countries lost little estuary area over the study period. In most cases, that's because estuary alteration occurred decades earlier when they were in developing, middle-income statuses, Lee said. In those countries today, the focus has moved from development to environmental conservation efforts -- attempts to undo the environmental damage that estuarine development caused.

The findings highlight the opportunities developing countries have to minimize the negative environmental and economic impacts of degraded estuaries while balancing their own economic and development needs, Lee said.
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Do some mysterious bones belong to gigantic ichthyosaurs? | ScienceDaily
Several similar large, fossilized bone fragments have been discovered in various regions across Western and Central Europe since the 19th century. The animal group to which they belonged is still the subject of much debate to this day. A study carried out at the University of Bonn could now settle this dispute once and for all: The microstructure of the fossils indicates that they come from the lower jaw of a gigantic ichthyosaur. These animals could reach 25 to 30 meters in length, a similar size to the modern blue whale. The results have now been published in the journal PeerJ.


						
In 1850, the British naturalist Samuel Stutchbury reported a mysterious find in a scientific journal: A large, cylindrical bone fragment had been discovered at Aust Cliff -- a fossil deposit near to Bristol. Similar bone fragments have since been found in various different places around Europe, including Bonenburg in North Rhine-Westphalia and in the Provence region of France. More than 200 million years ago, these areas were submerged beneath a huge ocean that covered vast swathes of Western and Central Europe. Fossil remains from the animal world of that time -- including marine and coastal dwellers -- have been preserved in the sediment.

There is still some debate to this day about the animal group to which these large, fossilized bones belonged. Stutchbury assumed in his examination of the first finds that they came from a labyrinthodontia, an extinct crocodile-like land creature. However, this hypothesis was questioned by other researchers, who believed instead that the fossils came from long-necked dinosaurs (sauropods), stegosaurs or a still completely unknown group of dinosaurs.

Unusual tissue made of protein fibers

"Already by the beginning of the 20th century, some other researchers had theorized that the fossils could possibly be from a gigantic ichthyosaur," explains Marcello Perillo. The young researcher has been investigating this theory as part of his Master's Thesis in the research group headed by Prof. Martin Sander in the Institute of Geosciences at the University of Bonn. As part of his work, he examined the microstructure of the fossilized bone tissue. "Bones of similar species generally have a similar structure," he says. "Osteohistology -- the analysis of bone tissue -- can thus be used to draw conclusions about the animal group from which the find originates."

Perillo first took samples from the bones that have so far not been classified. "I compared specimens from South West England, France and Bonenburg," he says. "They all displayed a very specific combination of properties. This discovery indicated that they might come from the same animal group." He then used a special microscope to prove that the bone wall had a very unusual structure: It contained long strands of mineralized collagen, a protein fiber, which were interwoven in a characteristic way that had not yet been found in other bones.

Ichthyosaur bones with a similar structure

Interestingly, fossils from large ichthyosaurs from Canada also have a very similar bone wall structure. "However, this structure is not found in fossil samples from other animal groups that I have studied," emphasized Perillo. "Therefore, it seems highly probable that the fragments in question also belong to an ichthyosaur and that the findings refute the claim that the bones come from a land-living dinosaur."




It is likely that the fossils come from the lower jaw of a sea creature. By comparing the size of the fragments with the jaws of other species in this animal group, it is possible to deduce the length of the animals: They could possibly have reached a length of 25 to 30 meters, as proponents of the ichthyosaur theory had originally speculated in an earlier study. "However, this number is only an estimate and far from certain -- until, that is, we find more complete fossil remains," says Perillo. Nevertheless, they were certainly exceptionally large.

The first ichthyosaur lived in the ancient oceans in the early Triassic period around 250 million years ago. Species as big as whales existed early on but the largest creatures only appeared around 215 million years ago. Almost all species of ichthyosaur then died out at the end of the Triassic period more than 200 million years ago.

The unusual structure of their bone walls -- which is similar to carbon fiber reinforced materials -- probably kept the bone very stable while allowing for fast growth. "These huge jaws would have been exposed to strong shearing forces even when the animal was eating normally," says Perillo. "It is possible that these animals also used their snouts to ram into their prey, similar to the orcas of today. However, this is still pure speculation at this time."
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Research examines tweets during Hurricane Maria to analyze social media use during disasters | ScienceDaily
Social media can be a useful tool for communicating during extreme weather events. Omar Perez Figueroa, an urban and regional planning professor at the University of Illinois Urbana-Champaign, examined how Twitter (now X) was used when Hurricane Maria hit Puerto Rico in 2017.


						
His findings are published in the Journal of Environmental Studies and Sciences.

Perez Figueroa studies how impoverished and marginalized communities address environmental inequalities, water governance and disaster resilience.

For his research on social media and risk communication, he collected data from Twitter before the platform changed its name, so he continued to refer to it as Twitter for his study. He analyzed a sample of more than 2,000 tweets from before Hurricane Maria made landfall to six months after the storm to determine "what the event tells us about the reactions and behavior of people, and what is useful to understand to be better prepared."

Perez Figueroa analyzed the timing of the tweets and their geographic distribution. Most of them were made prior to landfall, with smaller peaks of activity at later times -- for example, when the Federal Emergency Management Agency deleted Puerto Rican disaster statistics from its website. In the U.S., those tweeting about the hurricane were highly concentrated in Florida, California, New York and Texas, all areas with large Puerto Rican populations.

The sample included tweets from Puerto Rico, despite the collapse of the island's power grid. Perez Figueroa said Twitter doesn't require a strong signal, making sending messages under disaster conditions more accessible.

He identified three main categories of messages: information about what was happening on the ground in Puerto Rico; understanding the social and political conditions that turned the hurricane into a disaster; and emotional messages seeking help or expressing support. Those in Puerto Rico used social media to inform others about their condition and location, ask for and receive help, and document the disaster.




Perez Figueroa wrote that many tweets about the sociopolitical causes of the disaster blamed local and federal governments for their slow and inefficient response. He said it underscored the use of social media in solidarity and grassroots recovery efforts; as a tool to pressure for prompt government response and the development of policies that address vulnerabilities; and to communicate needs and raise awareness among people not directly affected by the local event about where to donate.

The tweets included information about the Guajataca Dam failure as it occurred.

"Being able to access critical data during and after a disaster can provide the difference between life and death, especially for those on the ground. Recognizing the increasing use of social media for disaster response and aid can increase communities' disaster resilience, especially when the communities hardest hit have limited communication and are remote, like the case of Puerto Rico," Perez Figueroa wrote.

In addition to aiding in preparedness and recovery for future disasters, the research served as a case study to test and refine a framework for examining disaster social media communication, Perez Figueroa said.

"Understanding how individuals use Twitter during disasters and in the immediate aftermath will be important as hurricanes occur more frequently, and as the public continues to turn to social media as a mainstream news source. Public health and disaster response organizations will benefit from a more detailed understanding as to who and how communication on social media can play a role in mitigating the public health burdens that result from disaster events," he wrote.

Perez Figueroa said areas for future research include how traditional media can influence discussions on social media, how narratives on the two differ, whether social media influences emergency responders and policymakers to improve disaster response, and how groups from different socioeconomic levels use social media during disasters.
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A smarter city skyline for flood safety | ScienceDaily
A city's skyline -- the distinctive shapes and arrangements of its buildings -- impacts the safety of its population during floods. When the streets flood, pedestrians can be swept under the current and injured or killed. With climate change and rising urbanization, the likelihood and severity of urban flooding are increasing.


						
Not all city blocks are created equal. In Physics of Fluids, an AIP Publishing journal, researchers from Beijing Normal University, Beijing Hydrological Center, and the China Institute of Water Resources and Hydropower Research investigated how city design contributes to pedestrian safety during flooding.

"Climate change leads to an increasing trend of extreme precipitation events in terms of frequency and intensity," said author Zhong-Fan Zhu. "Rapid urbanization alters the hydrological properties of the underlying surface in urban areas. For example, previous forestland, wetland, and agricultural land have been paved to construct impervious, urban lands. These factors contribute to frequency occurrences of urban flood events."

The researchers experimentally identified the flood conditions that make pedestrians vulnerable and utilized computer simulations of different city block patterns, building heights, and street widths to assess the configurations that best protect people.

Each city has unique buildings and building configurations. The team simulated three different urban block layouts: buildings neatly arranged and equally spaced in columns and rows, buildings offset and staggered, and a square tightly outlined by buildings with just four buildings enclosed within.

When buildings are arranged in a line, as in the grid and enclosed layout, they provide a zone of safety by blocking some of the water and wind. The staggered approach has none of this protection and more danger zones due to increased water and wind circulation.

Altering the building shape can also protect pedestrians. Rounding or adding recesses to building corners significantly reduced areas of dangerously high floodwater and windspeed. However, this intervention also somewhat decreased the safety zone.




Wind was a critical, yet complex, factor in determining safety.

"In some cases, the floodwater does not cause pedestrian instability, but adding the wind force will lead to a dangerous situation," said Zhu. "However, in other cases, the wind will help to maintain pedestrian stability and protect against floodwater. It seems like that wind is like a 'double-edged sword.'"

Different building height arrangements can help mitigate the negative impacts of wind.

Cities looking to expand should consider enclosed block arrangements, buildings with rounded or even circular footprints, and potentially consult with a physicist.
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Bacteria in cancer unmasked | ScienceDaily
Researchers at the Netherlands Cancer Institute have compiled a detailed catalogue of bacteria living in cancer metastases. Having analyzed over 4000 tumors, they shed light on the diversity of these co-inhabitants and how they might interact with cancer cells and their surroundings. For example, certain bacteria were linked to a worse response to immunotherapy. This study paves the way to a better understanding of how bacteria help or hinder cancer (therapy), and how we can use this for patients' advantage. The researchers publish their findings today in the scientific journal Cell.


						
On and in our bodies live billions of microorganisms: bacteria, viruses and yeasts -- our microbiome. We need them, and they need us. Bacteria help us digest our food, for example, and cooperate with our immune system in the fight against pathogens. Gut bacteria in particular have been extensively studied, including in the context of cancer. For example, they can influence the effectiveness of immunotherapy and chemotherapy.

Metastases

But these tiny co-inhabitants also house outside the gut. Bacteria are found in tumors, for example. With new techniques, researchers are getting better at finding out which microbes they are. But how bacteria get to a tumor and what exactly they do there remains largely unknown, making it unclear how important they are to disease and the effect of treatments.

26 cancer types

Because many patients eventually die from metastases, and many treatments target them, the research groups of Emile Voest and Lodewyk Wessels took a closer look at those metastases. After all, little was known about bacteria in these tumors. Together with their colleagues at, among others, the Netherlands Cancer Institute and Oncode Institute they have now mapped which bacteria are present in cancer metastases. Both groups are

In tissue from more than 4,000 metastases of 26 types of cancer, the researchers analyzed the code of the DNA present. From that genetic material you can see not only which human cells are there, but also which bacteria -- because these also have DNA. For this purpose they used clinical information and DNA data generated by Hartwig Medical Foundation.




Terabytes

With that unimaginably large mountain of information (400 terabytes), they used computer power to figure out which bacteria congregate in which places. This required a lot of clever programming, because there is relatively little bacterial DNA in such a piece of tissue.

"Surprisingly, it's not just metastases from colon cancer that contain a lot of bacteria," says researcher Thomas Battaglia. One might expect that because most of our bacteria reside in the colon, from where they could possibly travel along during metastasis to elsewhere in the body. "Also, which bacteria are present in a metastasis is strongly related to the location in the body, the conditions there, and the cancer type."

Therapy response

They also discovered a link between bacteria and therapy efficacy. Patients with lung cancer and Fusobacterium in their metastasis, for example, responded worse to immunotherapy than peers without that bacteria. Thomas: "We also noted that the more diverse the bacterial community, the more active the adjacent tumor cells."

"Our work opens doors for exploring new forms of treatments, for example against bacteria that might help the tumor," co-author Iris Mimpen says. "It helps us understand how the complex environment of tumors works, an environment in which all kinds of cells -- including bacteria -- live together and influence each other."

This research was financially supported by the AVL Foundation, KWF Dutch Cancer Society and Oncode Institute.
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A natural touch for coastal defense | ScienceDaily
Common "hard" coastal defenses, like concrete sea walls, might struggle to keep up with increasing climate risks. A new study shows that combining them with nature-based solutions could, in some contexts, create defenses which are better able to adapt. Researchers reviewed 304 academic articleson the performance of coastal defenses around the world, including: natural environments; soft measures (which support or enrich nature); hard measures (such as concrete sea walls); and hybrids of the aforementioned. Soft and hybrid measures turned out to be more cost-effective than hard measures, and hybrid measures provided the highest hazard reduction overall in low-risk areas. Although their comparative performance during extreme events that pose a high risk is not clear due to lack of data, these results still support the careful inclusion of nature-based solutions to help protect, support and enrich coastal communities.


						
Japan's dramatic natural coastline, with iconic views of Mount Fuji, wind-blown pines and rocky beaches, has been captured and admired in paintings and prints for hundreds of years. But take a walk by the ocean nowadays and it can be hard to find a stretch that retains its pristine natural seascape. By the early 1990s, a government survey found that around 40% of the coast had been altered with concrete sea walls, filled harbors, stacks of tetrapods and more, adding swaths of gray to the blue-green landscape. Sprawling coastal cities and towns have grown to house most of the population, so protecting homes and businesses from the dangers of tsunamis, typhoon swells and sea-level rise has become an ever-increasing challenge.

"Sea walls, dikes, dams and breakwaters, the so-called traditional hard measures, despite being the most popular coastal defenses globally and with proven track records, are facing challenges to keep pace with increasing climate risks," explained Lam Thi Mai Huynh, a doctoral studentfrom the graduate program in sustainability science at the University of Tokyo and lead author of a new study on coastal defenses. "These hard structures are expensive to build and require continuous upgrades and repairs as sea level rises and climatic hazards become stronger. Although they are good at mitigating certain coastal disaster risks, they can also cause significant disruption to coastal communities and have adverse environmental effects. Furthermore, they often significantly alter the seascape and sometimes alienate local communities from nature and the very environment we seek to protect."

To better understand the performance and benefits of different hard and nature-based coastal defenses, an international team compared the results of 304 academic studies. Nature-based coastal defenses included: "natural" ecosystems, for example, existing mangroves and coral reefs; "soft" measures, which restore, rehabilitate, reforest or nourish natural ecosystems; and "hybrid" measures that combine both nature-based components and hard structures, such as placing concrete breakwaters in front of mangroves.

"By incorporating such natural components, we can create coastal defenses that reduce risk and also offer substantial environmental benefits. We believe that such strategies are very promising in many parts of the world, but they are also not a 'fix-all' solution," said Professor Alexandros Gasparatos from the Institute for Future Initiatives at the University of Tokyo.

The researchers analyzed three key aspects of each type of defense: 1. risk reduction (how much the measure could reduce wave height and energy, and influence shoreline change); 2. climate change mitigation (including carbon storage and greenhouse gas emissions for nature-based measures); and 3. cost-effectiveness over a 20-year period.

"Our results indicate that among all coastal defense options in lower-risk areas, hybrid measures provide the highest risk reduction. Hybrid measures can harness the advantages of both hard and soft measures. They provide the immediacy of an engineered barrier while largely maintaining the ecological functionality of a permeable vegetated zone," said Huynh. "All nature-based solutions are found to be effective in storing carbon, while both soft and hybrid measures are relatively more cost-effective than traditional hard measures over a 20-year period, though all have positive economic returns."

These findings provide strong evidence for integrating and upscaling nature-based components into coastal defenses, but the team advised doing so with caution. "All types of coastal defenses have yet to be adequately tested through paired experiments in circumstances of extreme events and high-risk urgency," warned Gasparatos. "Until there are many more such experiments focusing on this, we must caution against any universal assumptions about the comparative performance of coastal defense options, whether natural, soft or hybrid measures."

While acknowledging the limits imposed by the lack of available research on extreme and high-risk situations, Huynh and Gasparatos still believe that this study supports the idea of investing in nature-based solutions for coastal defense in lower-risk areas. Research like this has important implications for policymakers, coastal planners and communities looking to make evidence-based decisions.

"I firmly believe that we must think more carefully about the design and function of these barriers in this era of ever-accelerating climate change," said Huynh. "Not only can nature-based solutions contribute to risk reduction and climate mitigation in many areas, but they can also help reconnect people with nature and support biodiversity. Greening our coastlines can create spaces which enhance quality of life, foster community well-being and inspire environmental stewardship."
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Early medieval money mystery solved | ScienceDaily
Byzantine bullion fuelled Europe's revolutionary adoption of silver coins in the mid-7th century, only to be overtaken by silver from a mine in Charlemagne's Francia a century later, new tests reveal. The findings could transform our understanding of Europe's economic and political development.


						
Between 660 and 750 AD, Anglo-Saxon England witnessed a profound revival in trade involving a dramatic surge in the use of silver coins, breaking from a reliance on gold. Around 7,000 of these silver 'pennies' have been recorded, a huge number, about as many as we have for the rest of the entire Anglo-Saxon period (5th century -- 1066).

For decades, experts have agonised over where the silver in these coins came from. Now a team of researchers from the Universities of Cambridge, Oxford and Vrije Universiteit Amsterdam have solved that mystery by analysing the make-up of coins held by the Fitzwilliam Museum in Cambridge.

The journal Antiquity publishes their study today. Co-author Rory Naismith, Professor of Early Medieval English History at the University of Cambridge, said:

"There has been speculation that the silver came from Melle in France, or from an unknown mine, or that it could have been melted down church silver. But there wasn't any hard evidence to tell us one way or the other, so we set out to find it."

Previous research has tested coins and artefacts from the silver mine at Melle but Naismith and his colleagues turned their attention to less-studied coins which were minted in England, the Netherlands, Belgium and northern France.

Helpfully, Naismith had "a powerhouse of early mediaeval numismatic research" on his doorstep: The Fitzwilliam Museum.




To begin, 49 of the Fitzwilliam's coins (dating from 660 to 820 AD) were taken to the laboratory of Dr Jason Day in Cambridge's Dept. of Earth Sciences for trace element analysis. Next, the coins were analysed by 'portable laser ablation' in which microscopic samples were collected onto Teflon filters for lead isotope analysis. This is a new technique, pioneered by the Vrije Universiteit Amsterdam, which combines the minimally invasive sampling of laser with the high precision results of more traditional methods in which physical samples of silver are taken.

While the coins mostly contained silver, the proportion of gold, bismuth and other elements in them guided the researchers to the silver's previously unknown origins. Different ratios of lead isotopes in the silver coins provided further clues.

The analysis revealed two major findings:

1. Byzantine silver 

In the 29 coins tested from the earlier period (660 -- 750 AD) -- which were minted in England, Frisia and Francia -- the researchers found a very clear chemical and isotopic signature matching 3rd to early 7th century silver from the Byzantine Empire in the eastern Mediterranean.

The silver was homogenous across the coins and characterised by high gold values (0.6 -- 2%) and a consistent isotopic range, with no distinguishable regional variations among them. No known European ore source matches the elemental and isotopic characteristics of these early silver coins. Nor is there any meaningful overlap with late Western Roman silver coins or other objects. These coins did not recycle late Roman silver.




Naismith said: "This was such an exciting discovery. I proposed Byzantine origins a decade ago but couldn't prove it. Now we have the first archaeometric confirmation that Byzantine silver was the dominant source behind the great seventh-century surge in minting and trade around the North Sea."

The study's lead author, Dr Jane Kershaw, from the University of Oxford, said: "These coins are among the first signs of a resurgence in the northern European economy since the end of the Roman Empire. They show deep international trade connections between what is now France, the Netherlands and England."

The researchers emphasise that this Byzantine silver must have entered Western Europe decades before it was melted down because the late 7th century was a low point in trade and diplomatic contacts.

Naismith said: "Elites in England and Francia were almost certainly sitting on this silver already. We have very famous examples of this, the silver bowls discovered at Sutton Hoo and the ornate silver objects in the Staffordshire Hoard."

Together, Sutton Hoo's Byzantine silver objects weigh just over 10kg. Had they been melted down they would have produced around 10,000 early pennies.

Kershaw said: "These beautiful prestige objects would only have been melted down when a king or lord urgently needed lots of cash. Something big would have been happening, a big social change."

"This was quantitative easing, elites were liquidating resources and pouring more and more money into circulation. It would have had a big impact on people's lives. There would have been more thinking about money and more activity with money involving a far larger portion of society than before."

Naismith hopes to establish how and why so much silver moved from the Byzantine Empire into Western Europe. He suspects a mixture of trade, diplomatic payments and Anglo-Saxon mercenaries serving in the Byzantine army. The new findings also raise tantalising questions about how and where silver was stored and why its owners suddenly decided to turn it into coins.

The study's second major finding revealed a later shift away from Byzantine silver to a new source.

2. The rise of Frankish silver

When the team analysed 20 coins* from the second half of the period (750 -- 820 AD), they discovered that the silver was very different. It now contained low levels of gold which is most characteristic of silver mined at Melle in western France. Previously obtained radiocarbon data has shown that mining at Melle was particularly intense in the 8th and 9th centuries.

The study proposes that Melle silver permeated regional silver stocks after c.750 and was mixed with older, higher-gold stocks, including Byzantine silver. In the coins minted closest to Melle, the proportion of gold was lowest (under 0.01%) while furthest away, in northern and eastern Francia, this climbed to 1.5%.

We already knew that Melle was an important mine but it wasn't clear how quickly the site became a major player in silver production.

Naismith said: "We now know that after the Carolingian dynasty came into power in 751, Melle became a major force across Francia and increasingly in England too."

The study argues that Charlemagne drove this very sudden and widespread surge in Melle silver as he took increasing control over how and where his kingdom's coins were made. A detailed record from the 860s talks about Charlemagne's grandson, King Charles the Bald, reforming his coins and giving every mint a few lbs of silver as a float to get the process going. "I strongly suspect that Charlemagne did something similar with Melle silver," Naismith said.

Management of silver supply went hand-in-hand with other changes introduced by Charlemagne, his son and grandson including changing the size and thickness of coins and marking their name or image on the coins.

Naismith said: "We can now say more about the circumstances under which those coins were made and how the silver was being distributed within Charlemagne's Empire and beyond."

England and Francia

The findings give new context to Charlemagne's delicate diplomatic relations with King Offa of Mercia in England. Like Charlemagne, Offa took an active role in the silver trade and currency management. Both kings saw trade and politics as inseparable. In a surviving letter sent to Offa in 796, Charlemagne discussed trade in commodities as well as political exiles. The pair also entered a trade embargo when a marriage negotiation turned sour.

Naismith said: "There was a lot of communication and tension between Charlemagne and Offa. Offa wasn't in the same league, his kingdom was much smaller, he had less power over it, and he certainly didn't have as much silver. But he remained one of Europe's most powerful figures who was outside of Charlemagne's control. So they maintained a pretence of equality. Our findings add to a dynamic that England and France have had for a very long time."

Naismith has no doubt that people in England would have been very aware that their silver was coming from Francia and that they depended on it.

"When commodities are only in certain places in limited quantities, questions of power and national interest will always come into play," Naismith said. "In the early Middle Ages, this transcended borders and rulers weren't the only people involved. Merchants, churches and other wealthy people all had an interest. Rulers taking much more direct action was new for this period."
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Atmospheric and economic drivers of global air pollution | ScienceDaily
Carbon monoxide emissions from industrial production have serious consequences for human health and are a strong indicator of overall air pollution levels. Many countries aim to reduce their emissions, but they cannot control air flows originating in other regions. A new study from the University of Illinois Urbana-Champaign looks at global flows of air pollution and how they relate to economic activity in the global supply chain.


						
"Our study is unique in combining atmospheric transport of air pollution with supply chain analysis as it tells us where the pollution is coming from and who is ultimately responsible for it," said lead author Sandy Dall'erba, professor in the Department of Agricultural and Consumer Economics (ACE) and director of the Center for Climate, Regional, Environmental and Trade Economics (CREATE), both part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

"There is a direct link between a country's level of production and how much air pollution is emitted. But production may be driven by demand from consumers in other countries. We use supply chain analysis to quantify the links between production and consumption. This helps us to understand how production in one country is linked to domestic and foreign demand," he added.

The researchers traced the movement of pollutants through the atmosphere to understand the flow of emissions, using simulations developed by Nicole RIemer, professor in the Department of Climate, Meteorology & Atmospheric Sciences, College of Liberal Arts & Sciences at Illinois. For analytical purposes, they divided the world into five sections: the United States, Europe, China, South Korea, and the rest of the world. South Korea is located downwind of China, and it serves as an example of how a small country can be affected by pollution from a much larger upwind neighbor.

"Over recent years, South Korea has taken several measures to reduce its own pollution, yet it has experienced worsening air quality. Why? The answer is to be found in its upwind neighbor, China. Yet, a large amount of the goods manufactured in China are destined for foreign consumers in the U.S. and in Europe, among other places. As such, who is to be blamed for the increase in air pollution in South Korea? That is the challenge we embarked on with this study," Dall'erba stated.

The researchers found the amount of carbon monoxide emissions coming from China to South Korea increased from 30 teragrams (Tg) in 1990 to 42 Tg in 2014.

"To put these numbers in perspective, 5 Tg of carbon monoxide corresponds to the emissions from all of the cars in the U.S. -- roughly 274 million -- each driving 13,500 miles per year. So it's definitely not a small increase. We conclude that South Korea has, in effect, lost control of their own air quality," Dall'erba explained.




Dall'erba and his colleagues conducted a structural decomposition analysis to identify the economic drivers of carbon monoxide emissions in the five study regions. They found that while China's technological processes to reduce pollution have improved, overall carbon monoxide emissions have gone up because the country's production has increased.

Next, the researchers sought to identify where the demand that drives the increased production comes from. In China's case, some of the increase can be attributed to U.S. and European demand, but it is primarily driven by households in China. The Chinese population grew considerably between 1990 and 2014, and the country became wealthier, leading to higher consumption, Dall'erba noted.

"Our findings show that pollution is a global concern that can't be solved by individual countries. The world is connected, and we're all in this together," said co-author Yilan Xu, associate professor in ACE. "Pollution in one country can result from economic activities in neighboring countries, which in turn is influenced by who's demanding the goods produced in that country. Pollution emitted anywhere in the world is going to have consequences all over the world to varying degrees."

Dall'erba, Riemer, and Xu emphasize that everybody can play a part in reducing emissions. Producers can implement technological change; policymakers can issue regulations or provide incentives; and consumers can make choices that favor sustainable products.
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How climate change will impact food production and financial institutions | ScienceDaily
Researchers at the University of California San Diego School of Global Policy and Strategy have developed a new method to predict the financial impacts climate change will have on agriculture, which can help support food security and financial stability for countries increasingly prone to climate catastrophes.


						
The study, published today in the Proceedings of the National Academy of Sciences, uses climate and agricultural data from Brazil. It finds that climate change has a cascading effect on farming, leading to increased loan defaults for one of the nation's largest public sector banks. Over the next three decades, climate-driven loan defaults could increase by up to 7%, according to the study.

The projections in the paper revealed that although temperatures are rising everywhere, there is substantial variation in what that looks like from region to region, which underscores the need to build distinct types of physical and financial resilience.

For example, parts of northern Brazil are predicted to have more dramatic seasonal swings around 2050, with heavier rainfall in winter and drier summers, so policymakers should be thinking about the need for water storage by building dams and reservoirs as well as increasing groundwater storage capacity. Conversely, central Brazil may have fairly steady weather, but will have higher overall temperatures, pointing to a need for heat-resistant crops.

The authors of the paper used a statistical approach pairing past climate data in Brazil with information on crop productivity, farm revenue and agricultural loan performance. They combined this data with climate simulations to predict future weather conditions and their impacts on farming and how those changes will affect financial institutions.

"A difficulty in studying climate impacts on agriculture is that there are all sorts of adaptations happening all the time that aren't easily observed, but are really important for understanding vulnerability and how risk is changing," said coauthor Jennifer Burney, professor of environmental science at UC San Diego's School of Global Policy and Strategy and Scripps Institution of Oceanography. "We were able to distinguish signals from different types of climate impacts and which ones led to this larger financial risk."

Systematic thinking about building resilience against climate change around the globe 

A key objective of the research is to support resilient food security under a changing climate, which requires understanding of when small climate shifts might have outsized impacts, spilling across regions or into other sectors through institutions like trade and banking.




Understanding the systemic risk posed by climate change is especially helpful for policymakers and disaster relief agencies, as climate change has increasingly become a national security threat. To that end, the statistical approach developed in the study could be applied around the globe.

"The technique we developed will help populations identify where they are most vulnerable, how climate change will hurt them the most economically and what institutions they should focus on to build resilience," said study coauthor Craig McIntosh, professor of economics at the School of Global Policy and Strategy.

For example, some governments in the Western Pacific region buy extra food on the global market in emerging El Nino years, when their own crop productivity suffers. The statistical approach used in the study could help governments around the world understand their own climate conditions and whether local, regional or international institutions will be best placed to address them.

The research could be especially helpful with the development of the loss and damage fund established by the United Nations in 2022. The fund is designed to help compensate developing nations that have contributed the least to the climate crisis but have been facing the brunt of its devastating floods, drought and sea-level rise.

"Our technique could help countries think about where the resilience returns would be highest for the money spent," said Krislert Samphantharak, professor of economics at the School of Global Policy and Strategy. "This technique also helps to identify where international reinsurance might be needed."

The "Empirical Modeling of Agricultural Climate Risk" study was also coauthored by Bruno Lopez-Videla, who earned a Ph.D. in economics from UC San Diego in 2021 and Alexandre Gori Maia of the Universidade Estadual de Campinas in Brazil.
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Different means to the same end: How a worm protects its chromosomes | ScienceDaily
University of Michigan researchers have discovered that a worm commonly used in the study of biology uses a set of proteins unlike those seen in other studied organisms to protect the ends of its DNA.


						
In mammals, shelterin is a complex of proteins that "shelters" the ends of our chromosomes from unraveling or fusing together. Keeping chromosomes from fusing together is an important job: chromosomes carry our body's DNA. If chromosome ends fuse, or if they fuse with other chromosomes, the cell that houses these chromosomes dies.

But not all organisms use the same kinds of proteins to form shelterin. The worm C. elegans has been a powerful model for understanding many types of biological processes, says Jayakrishnan Nandakumar, U-M professor of molecular, cellular, and developmental biology.

Until recently, however, scientists had not identified the proteins that protect the double-stranded DNA ends of their chromosomes, called telomeres. In 2021, Nandakumar's collaborator Hiroki Shibuya and another group independently discovered that proteins in C. elegans, called TEBP-1 and TEBP-2, protected the worm's telomeric ends.

Still, researchers hadn't yet unraveled all of the mysteries of C. elegans shelterin. Proteins can have several parts to them, with each part performing a different function, Nandakumar says. These parts are called "domains," which are named after the function they perform. Researchers weren't sure which domain allowed one TEBP-1 or TEBP-2 molecule to bind to another copy of itself and then which domain bound the proteins to chromosome DNA to help protect it.

Now, Nandakumar and his team have identified the specific domains within TEBP-1 and TEBP-2 proteins that allow them to perform their biological functions. Their findings are published in the Proceedings of the National Academy of Sciences.

"There are different means to achieve the same end (the pun is intended). In other words, because of our focus on mammalian telomeres, we tend to bias ourselves in thinking 'our way' is the right way or the only way to solve problems in the cell," he said. "However, the C. elegans example shows us that there are multiple ways to solve the end protection problem and some of them might be quite different from how humans do it. But as long as they are effective, they are selected for in evolution."

Nandakumar says to think of chromosomes as a shoelace. The ends of your shoelace are coated with a hard plastic shell called an aglet, which protects the lace from unraveling. Humans -- and all mammals -- have a certain set of proteins that are the primary components of shelterin, the "aglet" of the chromosome.




"Think of these proteins as the plastic aglet that coats the ends of chromosomes to protect them from degradation and preserve their integrity," Nandakumar said. "In C. elegans, TEBP-1 and TEBP-2 protect the chromosome ends."

Now, these proteins, both in mammals and in C. elegans, need a way to bind to each other and then to bind to the chromosome so that they can effectively coat the chromosome end. They do this using what's called a dimerization domain as well as a DNA binding domain part (when two identical protein molecules bind together, researchers say they "dimerize"). In mammals, a domain called "TRFH" dimerizes these proteins, and a different domain called the "myb" domain coats the chromosome ends.

Researchers hadn't yet identified the C. elegans TEBP-1 or TEBP-2 dimerization and DNA binding domains because they were looking for a protein in C. elegans that shared a similar amino acid sequence to the human protein domains -- that is, they were looking for a homolog of those proteins. But there wasn't one.

Instead, C. elegans has three copies of something else, something that looks similar to the myb domain on the mammalian proteins. So the research team called them "myb-containing domain," or MCD 1, 2 and 3. A single protein of TEBP-1 and TEBP-2, then, includes three segments: MCD1, MCD2 and MCD3.

The researchers further found that only MCD3 binds DNA. MCD1 and MCD2 look like a DNA binding domain, but instead bind together molecules of TEBP-1 and TEBP-2. MCD1 in one protein binds to MCD1 in the next protein and MCD2 binds to MCD2, allowing the proteins to link up to surround the ends of the chromosomes.

To connect the protein complexes to the telomeres, MCD3 binds to the chromosome DNA. This whole protein is repeated around the entire long end of the chromosome.

Nandakumar says that because you can perform biochemistry and genetics readily with C. elegans, understanding the protein complexes that protects its telomeres will help researchers use it as a model organism for studying telomere biology.

"Protecting the telomeres of your DNA -- every eukaryote has to do it, meaning that a worm has to somehow figure that out. Humans have to figure it out. Yeast has to figure it out. It's a universal problem," Nandakumar said. "Generally, in evolution, you would use that same strategy in different species. If something is working, if you have a solution to a problem, why not reuse it? I think the cool thing is, you can have multiple solutions to the problem."
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Deep parts of Great Barrier Reef 'insulated' from global warming -- for now | ScienceDaily
Some deeper areas of the Great Barrier Reef are insulated from harmful heatwaves -- but that protection will be lost if global warming continues, according to new research.


						
High surface temperatures have caused mass "bleaching" of the Great Barrier Reef in five of the last eight years, with the latest happening now.

Climate change projections for coral reefs are usually based on sea surface temperatures, but this overlooks the fact that deeper water does not necessarily experience the same warming as that at the surface.

The new study -- led by the universities of Exeter and Queensland -- examined how changing temperatures will affect mesophotic corals (depth 30-50 metres).

It found that separation between warm buoyant surface water and cooler deeper water can insulate reefs from surface heatwaves, but this protection will be lost if global warming exceeds 3degC above pre-industrial levels.

The researchers say similar patterns could occur on other reefs worldwide, but local conditions affecting how the water moves and mixes will mean the degree to which deeper water coral refuges exist and remain insulated from surface heatwaves will vary.

"Coral reefs are the canary in the coalmine, warning us of the many species and ecosystems affected by climate change," said Dr Jennifer McWhorter, who led the research during a QUEX PhD studentship at the universities of Exeter and Queensland.




"Coral bleaching is a dramatic sign of the impact humans are having on the planet.

"Our study offers both hope and a warning -- hope that some reefs are resilient to current levels of climate change, and a warning that this resilience has its limits."

The study finds that 3degC of global warming would push mesophotic temperatures in the Great Barrier Reef past 30degC -- a recognised threshold for coral mortality.

This does not necessarily mean that all coral would die, but it would place the reef in a state of stress that would increase mortality and possibly cause it to collapse.

Dr McWhorter, now at NOAA's Atlantic Oceanographic & Meteorological Laboratory, said: "Some shallow-water species are not found in deeper areas -- so mesophotic reefs can't provide refuges for them as shallow reefs are degraded.

"And, as our study shows, mesophotic corals are themselves threatened if global warming continues."

To calculate their projections of mesophotic reefs warming, the research team considered factors such as wind and tidal mixing of water, and local complexities.




They estimate that, by 2050-60, bottom temperatures on the Great Barrier Reef (30-50 metres) will increase by 0.5-1degC under lower projected greenhouse gas emissions, and 1.2-1.7degC under higher emissions.

Dr Paul Halloran, from Exeter's Global Systems Institute, said: "To protect coral reefs, we need to understand them better.

"Reefs face multiple threats -- not just climate change. By targeting management of these threats on reefs that have the best chance of escaping the worst impacts of climate change, hopefully some healthy reefs can be maintained.

Professor Peter Mumby, from the University of Queensland, said: "There is so much to learn about deeper, tropical coral reefs, especially as we cannot assume that their depth provides a persistent refuge from the consequences of rising global carbon emissions."
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This 3D printer can figure out how to print with an unknown material | ScienceDaily
While 3D printing has exploded in popularity, many of the plastic materials these printers use to create objects cannot be easily recycled. While new sustainable materials are emerging for use in 3D printing, they remain difficult to adopt because 3D printer settings need to be adjusted for each material, a process generally done by hand.


						
To print a new material from scratch, one must typically set up to 100 parameters in software that controls how the printer will extrude the material as it fabricates an object. Commonly used materials, like mass-manufactured polymers, have established sets of parameters that were perfected through tedious, trial-and-error processes.

But the properties of renewable and recyclable materials can fluctuate widely based on their composition, so fixed parameter sets are nearly impossible to create. In this case, users must come up with all these parameters by hand.

Researchers tackled this problem by developing a 3D printer that can automatically identify the parameters of an unknown material on its own.

A collaborative team from MIT's Center for Bits and Atoms (CBA), the U.S. National Institute of Standards and Technology (NIST), and the National Center for Scientific Research in Greece (Demokritos) modified the extruder, the "heart" of a 3D printer, so it can measure the forces and flow of a material.

These data, gathered through a 20-minute test, are fed into a mathematical function that is used to automatically generate printing parameters. These parameters can be entered into off-the-shelf 3D printing software and used to print with a never-before-seen material.

The automatically generated parameters can replace about half of the parameters that typically must be tuned by hand. In a series of test prints with unique materials, including several renewable materials, the researchers showed that their method can consistently produce viable parameters.




This research could help to reduce the environmental impact of additive manufacturing, which typically relies on nonrecyclable polymers and resins derived from fossil fuels.

"In this paper, we demonstrate a method that can take all these interesting materials that are bio-based and made from various sustainable sources and show that the printer can figure out by itself how to print those materials. The goal is to make 3D printing more sustainable," says senior author Neil Gershenfeld, who leads CBA.

His co-authors include first author Jake Read a graduate student in the CBA who led the printer development; Jonathan Seppala, a chemical engineer in the Materials Science and Engineering Division of NIST; Filippos Tourlomousis, a former CBA postdoc who now heads the Autonomous Science Lab at Demokritos; James Warren, who leads the Materials Genome Program at NIST; and Nicole Bakker, a research assistant at CBA. The research is published in the journal Integrating Materials and Manufacturing Innovation.

Shifting material properties

In fused filament fabrication (FFF), which is often used in rapid prototyping, molten polymers are extruded through a heated nozzle layer-by-layer to build a part. Software, called a slicer, provides instructions to the machine, but the slicer must be configured to work with a particular material.

Using renewable or recycled materials in an FFF 3D printer is especially challenging because there are so many variables that affect the material properties.




For instance, a bio-based polymer or resin might be composed of different mixes of plants based on the season. The properties of recycled materials also vary widely based on what is available to recycle.

"In 'Back to the Future,' there is a 'Mr. Fusion' blender where Doc just throws whatever he has into the blender and it works ]as a power source for the DeLorean time machine]. That is the same idea here. Ideally, with plastics recycling, you could just shred what you have and print with it. But, with current feed-forward systems, that won't work because if your filament changes significantly during the print, everything would break," Read says.

To overcome these challenges, the researchers developed a 3D printer and workflow to automatically identify viable process parameters for any unknown material.

They started with a 3D printer their lab had previously developed that can capture data and provide feedback as it operates. The researchers added three instruments to the machine's extruder that take measurements which are used to calculate parameters.

A load cell measures the pressure being exerted on the printing filament, while a feed rate sensor measures the thickness of the filament and the actual rate at which it is being fed through the printer.

"This fusion of measurement, modeling, and manufacturing is at the heart of the collaboration between NIST and CBA, as we work develop what we've termed 'computational metrology,'" says Warren.

These measurements can be used to calculate the two most important, yet difficult to determine, printing parameters: flow rate and temperature. Nearly half of all print settings in standard software are related to these two parameters.

Deriving a dataset

Once they had the new instruments in place, the researchers developed a 20-minute test that generates a series of temperature and pressure readings at different flow rates. Essentially, the test involves setting the print nozzle at its hottest temperature, flowing the material through at a fixed rate, and then turning the heater off.

"It was really difficult to figure out how to make that test work. Trying to find the limits of the extruder means that you are going to break the extruder pretty often while you are testing it. The notion of turning the heater off and just passively taking measurements was the 'aha' moment," says Read.

These data are entered into a function that automatically generates real parameters for the material and machine configuration, based on relative temperature and pressure inputs. The user can then enter those parameters into 3D printing software and generate instructions for the printer.

In experiments with six different materials, several of which were bio-based, the method automatically generated viable parameters that consistently led to successful prints of a complex object.

Moving forward, the researchers plan to integrate this process with 3D printing software so parameters don't need to be entered manually. In addition, they want to enhance their workflow by incorporating a thermodynamic model of the hot end, which is the part of the printer that melts the filament.

This collaboration is now more broadly developing computational metrology, in which the output of a measurement is a predictive model rather than just a parameter. The researchers will be applying this in other areas of advanced manufacturing, as well as in expanding access to metrology.

This research is supported, in part, by the National Institute of Standards and Technology and the Center for Bits and Atoms Consortia.
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Boreal forest and tundra regions worst hit over next 500 years of climate change, study shows | ScienceDaily
The boreal forest, covering much of Canada and Alaska, and the treeless shrublands to the north of the forest region, may be among the worst impacted by climate change over the next 500 years, according to a new study.


						
The study, led by researchers at the White Rose universities of York and Leeds, as well as Oxford and Montreal, and ETH, Switzerland, ran a widely-used climate model with different atmospheric concentrations of carbon dioxide to assess the impact climate change could have on the distribution of ecosystems across the planet up to the year 2500.

Most climate prediction models run to the year 2100, but researchers are keen to explore longer-term projections that give a global picture of how much humans, animals and plant-life may need to adapt to climate change beyond the next century, which is important as long-lived trees adapt at scales of centuries rather than decades.

Modelling climate change over a 500 year period shows that much of the boreal forest, the Earth's northernmost forests and most significant provider of carbon storage and clean water, could be seriously impacted, along with tundra regions, treeless shrublands north of the boreal forest that play a significant role in regulating the Earth's climate.

Tundra regions have already seen new plants colonising lands that would have once been too cold for them to survive on, and as the planet continues to warm, its ability to cool tropical heat, pushing it back down to the equator is reduced.

This means that if there is not a rapid halt in emitting greenhouse gases, large parts of some of the hottest countries on Earth will become too hot to be easily inhabited and considerable changes would have to be made to daily life to exist there.

The researchers highlight that although we are already starting to see animals and plants migrating as they try to adapt to changing climate conditions, this could intensify in the future. As the study highlights, some species, like trees, migrate much slower than animals and humans can, and so some plants and animals will be lost altogether, threatening the survival of today's ecosystems

Dr Christopher Lyon, from the University of York's Department of Environment and Geography and Leverhulme Centre for Anthropocene Biodiversity, said: "We know now that some aspects of climate change are inevitable and so a level of adaptation is required, but how extensive these adaptations need to be is still in our hands. It is, therefore, useful to look beyond the UN's 2030 and 2050 carbon emission targets, as well as the 2100 climate model predictions, as we know that climate change won't stop there.




"By looking much further into the future -- the future that our grandchildren will face -- we can see that there is a significant difference between climate change rates, species migration rates, and their migration ability. Trees, for example, will migrate much slower than birds and mammals, and boreal decline radically changes the ecosystems they've formed since the glaciers retreated about 12,000 years ago.

"Those species that can't adapt or move to more suitable locations will radically decline in number and range or even go extinct."

The study highlights that current boreal regions are colder and less densely populated, but changing environments may mean more people migrate to these landscapes as they warm in the future, increasing the pressures on ecosystems and species.

Migration on this scale also relies on political cooperation from countries around the world, and researchers point out that given current global conflicts and divisions, this could be one of the most significant barriers to successful climate adaptation.

Dr Lyon said: "What's most important, I think, is that the long-term projections highlight the scale of the change we, and especially our children and grandchildren face -- even under the lower warming scenarios -- and the need to start thinking very hard now about what it will take for all of us to live justly in those possible worlds."

Dr Bethany Allen from ETH (Federal Institute of Technology) Zurich, added: "Our study indicates the longevity and severity of the impacts that human-induced climate change will have on the biosphere. The need to protect boreal forest and tundra biomes is particularly pressing, and our results demonstrate how large-scale geographic shifts in the areas occupied by these biomes might be necessary in order to preserve them over the next few hundred years."

The research is published in the journal Philosophical Transactions of the Royal Society B and funded in part by the White Rose Collaboration Fund and the Leverhulme Trust via the Leverhulme Centre for Anthropocene Biodiversity.
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Scientists grow 'mini kidneys,' revealing new insights into metabolic defects and potential therapy for polycystic kidney disease | ScienceDaily
Scientists at Nanyang Technological University, Singapore (NTU Singapore) have successfully grown 'mini kidneys' in the lab and grafted them into live mice, revealing new insights into the metabolic defects and a potential therapy for polycystic kidney disease.


						
'Mini kidneys,' or kidney organoids, are kidney-like structures grown in the lab using stem cells. In the study led by NTU's Lee Kong Chian School of Medicine (LKCMedicine), researchers grew the organoids using skin cells derived from patients with polycystic kidney disease (PKD), a prevalent form of genetic condition that affects 1 in 1000 individuals across all ethnicities.*

People with PKD often progress to end-stage kidney disease between their 50s and 60s, with the standard treatment options available being dialysis or a kidney transplant. However, dialysis significantly compromises a patient's quality of life, while a transplanted kidney can be challenging to acquire. One other option is the Food and Drug Administration (FDA) approved drug Tolvaptan, which is very costly and has severe side effects on the liver.

To address the need for more effective treatment for PKD patients, the NTU research team sought to better understand the disease by engrafting their newly developed mini kidneys into mice.

Previous studies were conducted on mini kidneys grown in a dish, which could only partly mimic the kidney structure and function. The NTU scientists engrafted the mini kidneys into live mice to comprehensively replicate the pathological features of kidney disease, including blood flow, fluid movement (tubular fluid) and cellular communication with other organs.

Lead investigator Assistant Professor Xia Yun at LKCMedicine said, "Engrafting the kidney organoid in mice provided us with a physiologically sophisticated approach to studying polycystic kidney disease as we were able to successfully emulate critical disease characteristics similar to those observed in human kidney patients."

Critical disease characteristics included abnormalities like the spontaneous formation of cysts in the kidneys and the subsequent damage to its tiny tubes.




In their study, reported in the scientific journal Cell Stem Cell, the NTU research team said that they believed their engrafted mini kidneys were high quality because cysts sustained without extra stress stimulation or chemicals, even after they were removed from the live mice for further investigations in a dish. In contrast, previous kidney organoids grown in a dish cannot form cysts without stress stimulation.

Co-investigator Assistant Professor Foo Jia Nee at LKCMedicine said, "The similarity between the disease manifestation observed in our engrafted mini kidney model and the real-life experiences of polycystic kidney disease patients suggest that growing kidney organoids and engrafting them into live mice could be beneficial in studying the disease and a useful tool to test new treatments."

Metabolic defects in polycystic kidney disease

Scientists have long known that abnormalities in a structure on kidney cells, or the primary cilium, cause cysts to form in kidneys. However, tests to understand the regulatory mechanism and relationship between the primary cilium and cell metabolism (autophagy) in live mice with PKD, have not been possible until now.

By studying the development of PKD in live mice and testing cellular pathways, researchers found evidence that boosting autophagy could reduce the severity of cysts in the mini kidney.

After establishing that boosting autophagy could reduce cysts, the NTU scientists shortlisted 22 drugs known for their effects on cell metabolism and tested them in the lab. Results showed that minoxidil, a clinical drug widely used to cure hypertension and hair loss, effectively reduced cyst formation in the novel mouse model.




Asst Prof Xia Yun said, "Our study has demonstrated how cysts in polycystic diseased kidneys can be reduced by boosting autophagy, suggesting that this could be a promising treatment for PKD. Moreover, the proven clinical safety of minoxidil may allow it to be quickly re-purposed to treat PKD patients in clinic. However, more research will be needed to establish this potential."

Commenting as an independent expert, Associate Professor Ng Kar Hui, Senior Consultant, Division of Paediatric Nephrology, Dialysis and Renal Transplantation, Department of Paediatrics, Khoo Teck Puat -- National University Children's Medical Institute, National University Hospital, said, "Polycystic kidney disease is one of the biggest causes of chronic kidney diseases among adults. An effective treatment may potentially ameliorate the rising numbers of people with kidney failure in Singapore. The establishment of such models in live organisms brings us one step closer to finding more treatment options.

In future studies, the NTU team will test the efficacy of minoxidil and adapt the mini kidney models to investigate other burgeoning kidney diseases without a strong genetic underpinning, such as diabetic kidney disease.

* Harris, P.C., and Torres, V.E. (2009). Polycystic kidney disease. Annual Review of Medicine. Volume 60, 321-337.
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Toothed whale echolocation organs evolved from jaw muscles | ScienceDaily
Genetic analysis finds evidence suggesting that acoustic fat bodies in the heads of toothed whales were once the muscles and bone marrow of the jaw.


						
Dolphins and whales use sound to communicate, navigate and hunt. New research suggests that the collections of fatty tissue that enable toothed whales to do so may have evolved from their skull muscles and bone marrow.

Scientists at Hokkaido University determined DNA sequences of genes which were expressed in acoustic fat bodies -- collections of fat around the head that toothed whales use for echolocation. They measured gene expression in the harbor porpoise (Phocoena phocoena) and Pacific white-sided dolphin (Lagenorhynchus obliquidens). Their findings were published in the journal Gene.

The evolution of acoustic fat bodies in the head -- the melon in the whale forehead, extramandibular fat bodies (EMFB) alongside the jawbone, and intramandibular fat bodies (IMFB) within the jawbone -- was essential for sound use such as echolocation. However, little is known about the genetic origins of those fatty tissues.

"Toothed whales have undergone significant degenerations and adaptations to their aquatic lifestyle," said Hayate Takeuchi, a PhD student at Hokkaido University's Hayakawa Lab and first author of the study. One adaptation was the partial loss of their sense of smell and taste, along with the gain of echolocation to enable them to navigate in the underwater environment.

The researchers found that genes which are normally associated with muscle function and development were active in the melon and EMFBs. There was also evidence of an evolutionary connection between the extramandibular fat and the masseter muscle, which in humans connects the lower jawbone to the cheekbones and is a key muscle involved in chewing.

"This study has revealed that the evolutionary tradeoff of masticatory muscles for the EMFB -- between auditory and feeding ecology -- was crucial in the aquatic adaptation of toothed whales," said Assistant Professor Takashi Hayakawa of the Faculty of Environmental Earth Science, who led the study. "It was part of the evolutionary shift away from chewing to simply swallowing food, which meant the chewing muscles were no longer needed."

Analysis of gene expression in the intramandibular fat detected activity of genes related to immune functions, such as the activation of some elements of the immune response and regulation of T cell formation.

The Stranding Network Hokkaido (SNH) is another important aspect of the research, as the samples used in this study were collected by them. SNH has collected specimens of stranded whales in the seashore and river mouth in Hokkaido. "Long-term communication with local people and communities in Hokkaido has enabled researchers to conduct various studies of whale biology, including our surprising findings," said Professor Takashi Fritz Matsuishi, the director of SNH.
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Bringing multidrug-resistant pathogens to their knees | ScienceDaily
Multidrug-resistant bacterial infections that cannot be treated by any known antibiotics pose a serious global threat. In the journal Angewandte Chemie, a Chinese research team has now introduced a method for the development of novel antibiotics to fight resistant pathogens. The drugs are based on protein building blocks with fluorous lipid chains.


						
Antibiotics are often prescribed far too readily. In many countries they are distributed without prescriptions and administered in factory farming: prophylactically to prevent infections and enhance performance. As a result, resistance is on the rise -- increasingly against reserve antibiotics as well. The development of innovative alternatives is essential.

It is possible to learn some lessons from the microbes themselves. Lipoproteins, small protein molecules with fatty acid chains, are widely used by bacteria in their battles against microbial competitors. A number of lipoproteins have already been approved for use as drugs. The common factors among the active lipoproteins include a positive charge and an amphiphilic structure, meaning they have segments that repel fat and others that repel water. This allows them to bind to bacterial membranes and pierce through them to the interior.

A team led by Yiyun Cheng at East China Normal University in Shanghai aims to amplify this effect by replacing hydrogen atoms in the lipid chain with fluorine atoms. These make the lipid chain simultaneously water-repellant (hydrophobic) and fat-repellant (lipophobic). Their particularly low surface energy strengthens their binding to cell membranes while their lipophobicity disrupts the cohesion of the membrane.

The team synthesized a spectrum (substance library) of fluorous lipopeptides from fluorinated hydrocarbons and peptide chains. To link the two pieces, they used the amino acid cysteine, which binds them together via a disulfide bridge. The researchers screened the molecules by testing their activity against methicillin-resistant Staphylococcus aureus (MRSA), a widespread, highly dangerous strain of bacteria that is resistant to nearly all antibiotics. The most effective compound they found was "R6F," a fluorous lipopeptide made of six arginine units and a lipid chain made of eight carbon and thirteen fluorine atoms. To increase biocompatibility, the R6F was enclosed within phospholipid nanoparticles.

In mouse models, R6F nanoparticles were shown to be very effective against sepsis and chronic wound infections by MRSA. No toxic side effects were observed. The nanoparticles seem to attack the bacteria in several ways: they inhibit the synthesis of important cell-wall components, promoting collapse of the walls; they also pierce the cell membrane and destabilize it; disrupt the respiratory chain and metabolism; and increase oxidative stress while simultaneously disrupting the antioxidant defense system of the bacteria. In combination, these effects kill the bacteria -- other bacteria as well as MRSA. No resistance appears to develop.

These insights provide starting points for the development of highly efficient fluorous peptide drugs to treat multi-drug resistant bacteria.
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New four-terminal tandem organic solar cell achieves 16.94% power conversion efficiency | ScienceDaily
Researchers at ICFO have fabricated a new four-terminal organic solar cell with a tandem configuration with a 16.94% power conversion efficiency (PCE). The new device is composed by a highly transparent front cell that incorporates a transparent ultrathin silver (Ag) electrode of only 7nm, which ensures its efficient operation.


						
Two-terminal tandem organic solar cells (OSCs) represent one of the most promising approaches to address the transmission and thermalization losses in single-junction solar cells. These organic solar cells consist of front and rear subcells with varying bandgaps, enabling broader absorption and use of the solar spectrum. However, achieving optimal performance in such configurations demands a sufficient current balance between the two subcells. Moreover, fabricating tandem organic solar cells of these types are challenging because they need a robust interconnection layer capable of facilitating efficient charge recombination while maintaining high transparency.

The four-terminal tandem configuration has emerged as a highly efficient alternative strategy in solar cell design. Unlike the two-terminal approach, this configuration features separate electrical connections for the transparent front cell and the opaque back cell. Consequently, the issue of electrical current matching is no longer a limiting factor. This setup enables greater flexibility in selecting the bandgaps of each cell of the tandem, thereby optimizing photon absorption and enhancing the overall efficiency of solar energy production.

Now, in a new study published in the Journal Solar RRL, ICFO researchers Francisco Bernal-Texca, and Prof. Jordi Martorell describe the fabrication of a four-terminal tandem organic solar cell that has achieved a 16.94% power conversion efficiency (PCE). Central to this achievement is the fabrication of an ultrathin transparent silver electrode, a critical component that played a pivotal role in optimizing the performance of the tandem solar cell.

To fabricate the new device, the researchers first explored the organic materials destined for the photoactive layer of both cells. They examined the effectiveness of three distinct blends for the front cell, which is designed to harvest the high-energy photons. The blend that performed the best, named PM6:L8-BO, was finally chosen. For the back opaque cell, the researchers decided to use the PTB7-Th:O6T-4F blend, with a narrow bandgap, which makes it better suited to absorb the infrared part of the spectrum (low-energy photons).

After choosing the blends, the researchers used a numerical approach to design the four-tandem OSC's final structure. They used the matrix formalism combined with the conventional inverse problem-solving methodology to find the optimal performance and the final configuration of the solar device.

The fabrication of an ultra-thin transparent silver electrode with a thickness of only 7nm was the key ingredient in the current research. This element was placed at the back of the front cell, ensuring a good light transmission to power the back cell. Conventional top Ag electrodes utilized for transparent solar cell applications typically range in thickness from 9 to 15 nm.




Its production demanded meticulous control of laboratory conditions to ensure precision and consistency. The electrode was then stacked with three dielectric layers alternating tungsten trioxide (WO3) and lithium fluoride (LiF). This photonic multilayer structure has a crucial role, because it is positioned between the two cells to facilitate efficient and uniform light distribution. "This structure exhibits a high transmission in the 750-1000 nm range and a high reflectivity in the 500-700 nm range," researchers wrote.

"The development of a transparent silver intermediate electrode is crucial for the efficient operation of the solar cell. It must present a delicate balance, being transparent enough to allow light to reach the back cell while maintaining high electrical conductivity to ensure the optimal performance of the front cell," said Francisco Bernal, ICFO researcher and first author of the study. "Being able to fabricate an electrode of only 7nm without observing losses in the front transparent cells is a significant advancement in the field of transparent cells."

The researchers tested the photovoltaic performance of the device under 1 sun of illumination with a solar simulator and measured its quantum efficiency. The device achieved a 16,94% of power conversion efficiency which, to date, would be the highest reached for a four-terminal tandem organic cell. The authors of the study remark that the current official record in efficiency for organic tandem devices is 14,2% and that the last reported PCE for 4-terminal organic tandems is 6.5% .

"Our research holds potential applications in photoelectochemical cells (PEC), addressing crucial electrical requirements such as providing the necessary voltage to surpass established for driving water splitting or CO2 reduction reactions like in SOREC2 project," explains Prof. Jordi Martorell, researcher at ICFO and SOREC2 project coordinator. "The methodology for the design and implementation of the four-terminal tandem structure could be applied to design news systems where an adequate distribution of light in the elements is crucial for the performance of a certain device."

The researchers are currently directing their focus towards refining, tuning and enhancing the methodology and structural design tailored for applications such as solar fuels, where tandem devices hold widespread applicability. By optimizing the methodology and design strategies, researchers aim to unlock the full potential of these devices in harnessing solar energy for diverse and sustainable energy conversion processes, such as CO2 conversion and valorization.
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New guidelines to help kids build tolerance to food allergens | ScienceDaily
Researchers with McMaster University have crafted the first-ever guidelines to help prepare families who plan to build their child's tolerance to common food allergens.


						
These international guidelines, published on April 8, 2024 in the Journal of Allergy and Clinical Immunology, standardize the preparation process for families considering oral immunotherapy, a process that involves giving very small amounts of an allergen, like peanuts, to patients and gradually increasing the amount to build up their tolerance.

Until now, clinicians had little evidence-based guidance to provide parents administering this procedure to their child. The guidelines fill an important gap as the therapy is not without its risks -- it is administered daily at home to children by their parents, requiring caregivers to act like amateur medical professionals, observing reactions and deciding on necessary treatments.

"This is a landmark paper in our field because it has never been done before and this process has never been standardized," says Douglas Mack, lead author of the paper and assistant clinical professor with McMaster's Department of Pediatrics. "We're in dear need of having some kind of guidance on how to approach oral immunotherapy. We simply have not had this before."

Among the guidelines, the researchers included the following recommendations:
    	A robust standardized education process for patients and caregivers through a detailed consent procedure
    	Establishing adequate parental supervision for dosing before beginning treatment
    	Identifying inadvisable risk factors including uncontrolled asthma, an unwillingness to use epinephrine, uncontrolled psychological concerns and pregnancy
    	Clearly understanding the patient and caregiver goals
    	Developing a structured universal consent form template

To develop the recommendations, the panel of 36 international oral immunotherapy experts identified more than 250 statements that met consensus as important considerations for clinicians in prescribing oral immunotherapy and 71 statements that were used to craft a consent form for families.

Using these statements, researchers have put forward a standardized protocol that clinicians can use to prepare patients. They also developed a template consent form that can be used by clinicians to ensure patients understand the risks, benefits, and alternatives to this therapy.




"These families must provide the therapy every single day. That's why these guidelines are so important. Safety can be optimized to make sure that they understand what they're taking on, while ensuring that they are aware of the kinds of side-effects that can be dangerous."

Prior to these guidelines as many as one third of patients were not getting any degree of adequate consent or preparation before starting treatment. When adequate counselling was performed, the study found the average time to be about 30-60 minutes.

"If families are not prepared for oral immunotherapy, they're going to fail or it's going to become unsafe," he says.

"If they decide they want to do it after following these guidelines, they're prepared for what they're getting into. They understand the risks and most importantly, it makes it safer because they can anticipate the challenges. This protocol sets the standard moving forward."

The National Institute of Health provided funding for the study.
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Using pulp and paper waste to scrub carbon from emissions | ScienceDaily
Researchers at McGill University have come up with an innovative approach to improve the energy efficiency of carbon conversion, using waste material from pulp and paper production. 


						
The technique they've pioneered using the Canadian Light Source at the University of Saskatchewan not only reduces the energy required to convert carbon into useful products, but also reduces overall waste in the environment.

"We are one of the first groups to combine biomass recycling or utilization with CO2 capture," said Ali Seifitokaldani, Assistant Professor in the Department of Chemical Engineering and Canada Research Chair (Tier II) in Electrocatalysis for Renewable Energy Production and Conversion. The research team, from McGill's Electrocatalysis Lab, published their findings in the journal RSC Sustainability.

Capturing carbon emissions is one of the most exciting emerging tools to fight climate change. The biggest challenge is figuring out what to do with the carbon once the emissions have been removed, especially since capturing CO2 can be expensive. The next hurdle is that transforming CO2 into useful products takes energy. Researchers want to make the conversion process as efficient and profitable as possible.
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Mixed diets balance nutrition and carbon footprint | ScienceDaily
What we eat can impact our health as well as the environment. Many studies have looked at the impacts of diets in very general terms focused at the level of food groups. A new study led by researchers at the University of Tokyo explores this issue following a more nuanced dish-level approach. One of the benefits of this kind of study is that people's connections with their diets vary around the world and have strong cultural associations. Knowledge of the impacts of diets using dishes rather than broad food groups can help individuals make informed choices and those in the food industry improve their practices.


						
"Our main conclusion is this: Mixed diets can offer good health and environmental outcomes. This is because mixed diets can afford consumers a larger diversity of dishes that can meet both nutritional requirements and have low carbon footprints," said the lead author of the study, Associate Professor Yin Long from the University of Tokyo's Graduate School of Engineering. "We identified trade-offs in terms of nutrition, carbon footprint and price for individual dishes with multiple ingredients, rather than using broad food categories such as red meat, fish or vegetables, as has been done in most similar studies so far. Although dishes from the same broad categories such as beef-based or fish-based dishes exhibit familiar trends as found in other studies in having comparatively higher carbon footprints, there are times when dishes do not follow the patterns of their respective food groups. It is also interesting to see a large concentration of dishes with low nutrient density and correspondingly low emissions and prices."

Such examples are diets based on dishes with a greater proportion of plant-based ingredients that indeed tend to have lower carbon footprints, but sometimes fail to meet daily requirements for some nutrients. Conversely, mixed diets strike a balance between what is considered good nutritional outcome and carbon footprint. This is because mixed diets tend to afford larger combinations of dishes that both meet daily nutrient requirements and have low carbon footprints than stricter diets, for example, diets relying only on a subset of dish categories. The researchers found this out by analyzing data on 45 dishes popular in Japan that consist of multiple ingredients and have different cooking times, using algorithms that seek to optimize some parameters within sets of data.

"We should stress that we do not believe that impact analyses based on food groups and dishes are mutually exclusive, though. Instead, we believe they are highly complementary. For example, approaches relying on food groups can reveal broadly what sustainable diets can look like and how to achieve them at the production level, pointing to feasible directions for transforming food systems at the global and international levels," said Professor Alexandros Gasparatos, another author of the study from the University of Tokyo's Institute for Future Initiatives. "At the same time, we believe dish-based approaches can inform better the day-to-day organization of food consumption at the national and local levels, by acting as a reality check to inform, design and convey feasible and acceptable ways to steer dietary habits toward more sustainable directions."

In a sense, dish-based approaches can better reflect how food is actually prepared and consumed in a given local context. This in turn better reflects cultural preferences for certain tastes or cooking methods, and cultural acceptability of certain food items. It can also better reflect the relative availability of certain food items, which itself might be due to local environmental conditions, which continue to change.

"Varying cultural preferences and ingredient availability lead to radically different ways to build healthy and sustainable diets between different countries and local contexts," said Gasparatos. "Dietary choices have important ramifications for human health and the environment. On the one hand, unhealthy dietary habits have been associated with the increased prevalence of obesity, diabetes and various types of cancers. On the other hand, food production can have severe environmental impacts through land use, carbon emissions, methane emissions, water pollution, and overconsumption and more. I myself have tried to make some diet-conscious changes in the last couple of years before working on this study. However, the engagement with this research reaffirmed my belief that mixed diets offer lots of benefits and helped me to identify some items and dishes to maybe be consumed in moderation."

Funding: This study was funded by the Leading Initiative for Excellent Young Researchers (LEADER) Program of 2022, and financially supported by the Asahi Group Foundation.
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The evolving attitudes of Gen X toward evolution | ScienceDaily
As the centennial of the Scopes Monkey Trial of 1925 approaches, a new study illustrates that the attitudes of Americans in Generation X toward evolution shifted as they aged.


						
The study, led by Jon D. Miller, research scientist emeritus in the Institute for Social Research at the University of Michigan, found that while students in middle and high school tended to express uncertain attitudes toward evolution, those attitudes solidified as they graduated high school, went to college and entered the workforce.

"Some may challenge whether the evolution issue is still of relevance and consider it to be a harmless curiosity," Miller said. "U.S. science and technology continue to prosper, although a substantial minority of American adults reject the idea that humans developed from earlier species of animals.

"However, we believe that there are numerous examples of public policy over recent decades when an understanding of basic biological constructs would have helped inform public and political debate on those issues."

The study, published in the journal Public Understanding of Science, used data collected from about 5,000 participants born in the center of Generation X, 1971-1974, over the course of 33 years, from middle school to midlife.

"Research on attitudes toward science typically uses a single survey or a series of surveys of different participants," Miller said. "Using the three-decade record from the Longitudinal Study of American Life enables our study to investigate how attitudes develop and shift over formative decades in the same individuals."

Middle school and high school students displayed a good deal of uncertainty about evolution, with a third having no attitude about evolution and 44% saying that the statement "human beings as we know them developed from earlier species of animals" was probably true or probably false, reflecting a degree of uncertainty about the issue.




During the 15 years after high school, 28% of these Generation X young adults concluded that evolution was definitely true and 27% thought that evolution was definitely false, according to co-author Mark Ackerman, a professor at Michigan Engineering, the U-M School of Information and Michigan Medicine.

"These results demonstrate the impact of postsecondary education, initial career experiences and the polarization of the political system in the United States," Ackerman said.

During the next 15 years (from their early 30s to their late 40s), these Generation X LSAL participants reported a small increase in the proportion of individuals seeing evolution as definitely true (30% in 2020) and a small decrease in the proportion seeing evolution as definitely false (23% in 2020). These results reflect the stabilization of the lives of LSAL respondents, with substantial numbers entering a career of their choice, starting a family and becoming more engaged with their community.

The study investigated the factors that were associated with the participants' attitudes toward evolution at three points during the study. As in a previous study by the same researchers, factors involving education tended to be strong predictors of the acceptance of evolution, while factors involving fundamentalist religious beliefs tended to be strong predictors of the rejection of evolution.

The experience of college-level science courses, the completion of baccalaureate or more advanced degrees, and the development of civic scientific literacy were strong predictors of increased acceptance of evolution.

"Our analysis of a unique longitudinal dataset allowed us to explore the development of attitudes toward a scientific topic in unprecedented detail," Miller said. "And understanding the public's attitudes toward evolution is of particular importance, since evolution is going to continue to be central to biological literacy and -- scientific literacy -- in the 21st century."

Besides Miller and Ackerman of the University of Michigan, authors included Belen Laspra and Carmelo Polino of the University of Oviedo (Spain), Glenn Branch of the National Center for Science Education, and Robert Pennock of Michigan State University.
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Research examines tweets during Hurricane Maria to analyze social media use during disasters | ScienceDaily
Social media can be a useful tool for communicating during extreme weather events. Omar Perez Figueroa, an urban and regional planning professor at the University of Illinois Urbana-Champaign, examined how Twitter (now X) was used when Hurricane Maria hit Puerto Rico in 2017.


						
His findings are published in the Journal of Environmental Studies and Sciences.

Perez Figueroa studies how impoverished and marginalized communities address environmental inequalities, water governance and disaster resilience.

For his research on social media and risk communication, he collected data from Twitter before the platform changed its name, so he continued to refer to it as Twitter for his study. He analyzed a sample of more than 2,000 tweets from before Hurricane Maria made landfall to six months after the storm to determine "what the event tells us about the reactions and behavior of people, and what is useful to understand to be better prepared."

Perez Figueroa analyzed the timing of the tweets and their geographic distribution. Most of them were made prior to landfall, with smaller peaks of activity at later times -- for example, when the Federal Emergency Management Agency deleted Puerto Rican disaster statistics from its website. In the U.S., those tweeting about the hurricane were highly concentrated in Florida, California, New York and Texas, all areas with large Puerto Rican populations.

The sample included tweets from Puerto Rico, despite the collapse of the island's power grid. Perez Figueroa said Twitter doesn't require a strong signal, making sending messages under disaster conditions more accessible.

He identified three main categories of messages: information about what was happening on the ground in Puerto Rico; understanding the social and political conditions that turned the hurricane into a disaster; and emotional messages seeking help or expressing support. Those in Puerto Rico used social media to inform others about their condition and location, ask for and receive help, and document the disaster.




Perez Figueroa wrote that many tweets about the sociopolitical causes of the disaster blamed local and federal governments for their slow and inefficient response. He said it underscored the use of social media in solidarity and grassroots recovery efforts; as a tool to pressure for prompt government response and the development of policies that address vulnerabilities; and to communicate needs and raise awareness among people not directly affected by the local event about where to donate.

The tweets included information about the Guajataca Dam failure as it occurred.

"Being able to access critical data during and after a disaster can provide the difference between life and death, especially for those on the ground. Recognizing the increasing use of social media for disaster response and aid can increase communities' disaster resilience, especially when the communities hardest hit have limited communication and are remote, like the case of Puerto Rico," Perez Figueroa wrote.

In addition to aiding in preparedness and recovery for future disasters, the research served as a case study to test and refine a framework for examining disaster social media communication, Perez Figueroa said.

"Understanding how individuals use Twitter during disasters and in the immediate aftermath will be important as hurricanes occur more frequently, and as the public continues to turn to social media as a mainstream news source. Public health and disaster response organizations will benefit from a more detailed understanding as to who and how communication on social media can play a role in mitigating the public health burdens that result from disaster events," he wrote.

Perez Figueroa said areas for future research include how traditional media can influence discussions on social media, how narratives on the two differ, whether social media influences emergency responders and policymakers to improve disaster response, and how groups from different socioeconomic levels use social media during disasters.
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Are lab-grown brain tissues ethical? There is no no-brainer answer | ScienceDaily
Brain organoids, though often referred to as "mini brains," are not truly human brains. But the concerns over these lab-grown brain tissues, especially when they are developed from human fetal tissues, can be very human indeed.


						
Researchers from the Graduate School of Humanities and Social Sciences at Hiroshima University offer valuable insights into the complexities inherent in brain organoid research, making significant contributions to the ongoing discourse surrounding this innovative biotechnology and paving the way for informed decision-making and legal and ethical stewardship in the pursuit of scientific advancement.

Their paper was published on March 4 in EMBO Reports.

Brain organoids are three-dimensional human brain tissues derived from stem cells, which are capable of developing into many different cell types. They replicate the complexity of the human brain in a laboratory setting, allowing researchers to study brain development and diseases in the hopes of acquiring vital insights and making innovative medical advancements.

Traditionally, brain organoids are grown from pluripotent stem cells, an especially potent sub-type that is typical of early embryonic development, but new technologies now make it possible to generate these organoids from human fetal brain cells. This method comes, however, with even more heated legal and ethical debates about brain organoids -- debates that are already intense in conventional organoid research.

"Our research seeks to illuminate previously often-overlooked ethical dilemmas and legal complexities that arise at the intersection of advanced organoid research and the use of fetal tissue, which is predominantly obtained through elective abortions," said Tsutomu Sawai, an associate professor at Hiroshima University and lead author of the study.

The study highlights the urgent need for a sophisticated and globally harmonized regulatory framework tailored to navigate the complex ethical and legal landscape of fetal brain organoid (FeBO) research. The paper emphasizes the importance of informed consent protocols, ethical considerations surrounding organoid consciousness, transplantation of organoids into animals, integration with computational systems, and broader debates related to embryo research and the ethics of abortion.

"Our plan is to vigorously advocate for the development of thorough ethical and regulatory frameworks for brain organoid research, including FeBO research, at both national and international levels," said Masanori Kataoka, a fellow researcher at Hiroshima University.

"Rather than being limited to issues of consciousness, it's imperative, now more than ever, to systematically advance the ethical and regulatory discussion in order to responsibly and ethically advance scientific and medical progress," Sawai said.

Moving forward, the research duo plans to continue supporting the advancement of ethical and regulatory discussions surrounding brain organoid research. By promoting responsible and ethical progress in science and medicine, they aim to ensure that all research involving brain organoids, including FeBOs, is conducted within a framework that prioritizes human dignity and ethical integrity.
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Atmospheric and economic drivers of global air pollution | ScienceDaily
Carbon monoxide emissions from industrial production have serious consequences for human health and are a strong indicator of overall air pollution levels. Many countries aim to reduce their emissions, but they cannot control air flows originating in other regions. A new study from the University of Illinois Urbana-Champaign looks at global flows of air pollution and how they relate to economic activity in the global supply chain.


						
"Our study is unique in combining atmospheric transport of air pollution with supply chain analysis as it tells us where the pollution is coming from and who is ultimately responsible for it," said lead author Sandy Dall'erba, professor in the Department of Agricultural and Consumer Economics (ACE) and director of the Center for Climate, Regional, Environmental and Trade Economics (CREATE), both part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

"There is a direct link between a country's level of production and how much air pollution is emitted. But production may be driven by demand from consumers in other countries. We use supply chain analysis to quantify the links between production and consumption. This helps us to understand how production in one country is linked to domestic and foreign demand," he added.

The researchers traced the movement of pollutants through the atmosphere to understand the flow of emissions, using simulations developed by Nicole RIemer, professor in the Department of Climate, Meteorology & Atmospheric Sciences, College of Liberal Arts & Sciences at Illinois. For analytical purposes, they divided the world into five sections: the United States, Europe, China, South Korea, and the rest of the world. South Korea is located downwind of China, and it serves as an example of how a small country can be affected by pollution from a much larger upwind neighbor.

"Over recent years, South Korea has taken several measures to reduce its own pollution, yet it has experienced worsening air quality. Why? The answer is to be found in its upwind neighbor, China. Yet, a large amount of the goods manufactured in China are destined for foreign consumers in the U.S. and in Europe, among other places. As such, who is to be blamed for the increase in air pollution in South Korea? That is the challenge we embarked on with this study," Dall'erba stated.

The researchers found the amount of carbon monoxide emissions coming from China to South Korea increased from 30 teragrams (Tg) in 1990 to 42 Tg in 2014.

"To put these numbers in perspective, 5 Tg of carbon monoxide corresponds to the emissions from all of the cars in the U.S. -- roughly 274 million -- each driving 13,500 miles per year. So it's definitely not a small increase. We conclude that South Korea has, in effect, lost control of their own air quality," Dall'erba explained.




Dall'erba and his colleagues conducted a structural decomposition analysis to identify the economic drivers of carbon monoxide emissions in the five study regions. They found that while China's technological processes to reduce pollution have improved, overall carbon monoxide emissions have gone up because the country's production has increased.

Next, the researchers sought to identify where the demand that drives the increased production comes from. In China's case, some of the increase can be attributed to U.S. and European demand, but it is primarily driven by households in China. The Chinese population grew considerably between 1990 and 2014, and the country became wealthier, leading to higher consumption, Dall'erba noted.

"Our findings show that pollution is a global concern that can't be solved by individual countries. The world is connected, and we're all in this together," said co-author Yilan Xu, associate professor in ACE. "Pollution in one country can result from economic activities in neighboring countries, which in turn is influenced by who's demanding the goods produced in that country. Pollution emitted anywhere in the world is going to have consequences all over the world to varying degrees."

Dall'erba, Riemer, and Xu emphasize that everybody can play a part in reducing emissions. Producers can implement technological change; policymakers can issue regulations or provide incentives; and consumers can make choices that favor sustainable products.
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How climate change will impact food production and financial institutions | ScienceDaily
Researchers at the University of California San Diego School of Global Policy and Strategy have developed a new method to predict the financial impacts climate change will have on agriculture, which can help support food security and financial stability for countries increasingly prone to climate catastrophes.


						
The study, published today in the Proceedings of the National Academy of Sciences, uses climate and agricultural data from Brazil. It finds that climate change has a cascading effect on farming, leading to increased loan defaults for one of the nation's largest public sector banks. Over the next three decades, climate-driven loan defaults could increase by up to 7%, according to the study.

The projections in the paper revealed that although temperatures are rising everywhere, there is substantial variation in what that looks like from region to region, which underscores the need to build distinct types of physical and financial resilience.

For example, parts of northern Brazil are predicted to have more dramatic seasonal swings around 2050, with heavier rainfall in winter and drier summers, so policymakers should be thinking about the need for water storage by building dams and reservoirs as well as increasing groundwater storage capacity. Conversely, central Brazil may have fairly steady weather, but will have higher overall temperatures, pointing to a need for heat-resistant crops.

The authors of the paper used a statistical approach pairing past climate data in Brazil with information on crop productivity, farm revenue and agricultural loan performance. They combined this data with climate simulations to predict future weather conditions and their impacts on farming and how those changes will affect financial institutions.

"A difficulty in studying climate impacts on agriculture is that there are all sorts of adaptations happening all the time that aren't easily observed, but are really important for understanding vulnerability and how risk is changing," said coauthor Jennifer Burney, professor of environmental science at UC San Diego's School of Global Policy and Strategy and Scripps Institution of Oceanography. "We were able to distinguish signals from different types of climate impacts and which ones led to this larger financial risk."

Systematic thinking about building resilience against climate change around the globe 

A key objective of the research is to support resilient food security under a changing climate, which requires understanding of when small climate shifts might have outsized impacts, spilling across regions or into other sectors through institutions like trade and banking.




Understanding the systemic risk posed by climate change is especially helpful for policymakers and disaster relief agencies, as climate change has increasingly become a national security threat. To that end, the statistical approach developed in the study could be applied around the globe.

"The technique we developed will help populations identify where they are most vulnerable, how climate change will hurt them the most economically and what institutions they should focus on to build resilience," said study coauthor Craig McIntosh, professor of economics at the School of Global Policy and Strategy.

For example, some governments in the Western Pacific region buy extra food on the global market in emerging El Nino years, when their own crop productivity suffers. The statistical approach used in the study could help governments around the world understand their own climate conditions and whether local, regional or international institutions will be best placed to address them.

The research could be especially helpful with the development of the loss and damage fund established by the United Nations in 2022. The fund is designed to help compensate developing nations that have contributed the least to the climate crisis but have been facing the brunt of its devastating floods, drought and sea-level rise.

"Our technique could help countries think about where the resilience returns would be highest for the money spent," said Krislert Samphantharak, professor of economics at the School of Global Policy and Strategy. "This technique also helps to identify where international reinsurance might be needed."

The "Empirical Modeling of Agricultural Climate Risk" study was also coauthored by Bruno Lopez-Videla, who earned a Ph.D. in economics from UC San Diego in 2021 and Alexandre Gori Maia of the Universidade Estadual de Campinas in Brazil.
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Low cardiorespiratory fitness in youth is associated with decreased work ability throughout adulthood | ScienceDaily
A study from the University of Jyvaskyla confirms the concerns raised in the public domain about how young people's decreased fitness may affect their future work ability. The association of low youth cardiorespiratory fitness and adulthood decreased work ability persisted until the end of working life, which predicts substantial societal costs.


						
In the 45-year study published in JAMA Network Open, the participant's baseline physical fitness was measured in school between the ages of 12 and 19. Work ability was self-assessed twice during working life, between the ages of 37 and 44 and then between the ages of 57 and 64. Low cardiorespiratory fitness in adolescence was associated with decreased work ability and higher rates of absence due to illness in the middle of working life, and with decreased work ability at the end of working life. Low musculoskeletal fitness or high body mass was not associated with adulthood work ability.

The study is the first to demonstrate the association of youth cardiorespiratory fitness with adulthood work ability in working men and women.Recently, studies among Swedish men have shown that low fitness in youth increases the risk of chronic disability in adulthood.

"The finding is worrying, even though work ability is a multifaceted concept with numerous factors affecting it," says doctoral researcher Perttu Laakso. "Given that the participants in the study were born in the 1960s and had a higher average youth cardiorespiratory level compared to today's adolescents, the finding is even more worrisome."

"It can be assumed that the risk of decreased work ability is higher among today's adolescents."

For the individual, lowered work ability, sick leave and premature retirement are linked to decreased quality of life, and also result in higher economic burden at the societal level.

The results of the study highlight the importance of physical fitness assessment in childhood and adolescence. By monitoring physical fitness of children and adolescents, those at high risk can be identified early and preventive strategies can be implemented.

To improve cardiorespiratory fitness, Laakso encourages children, adolescents, and their families to increase physical activity in everyday life. Increasing the number of mandatory physical education classes in schools should also be discussed. In addition, he would look for easier access to organized sports so as to prevent dropout from organized physical activity, which is common in adolescence.
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More premature babies born following Swedish parental leave policy | ScienceDaily
The introduction of apolicy protecting parental leave benefits in Sweden in 1980 had unintended consequences on child health. The policy led to an increase in premature birth rates. This is shown by a study from researchers at Stockholm University, published in JAMA Pediatrics.


						
The Swedish so-called speed premium policy was introduced in 1980 in order to protect couples' level of income-based parental leave benefits when they had children in quick succession. The new study from Stockholm University evaluates the health consequences of the policy. The researchers conclude that by unintentionally encouraging couples to have children within a shorter 24-month interval, the policy led to a 26% increase in the proportion of children born prematurely over the six years that it was in force.

"The results are convincing as the relaxation of the policy to a 30-month window in 1986 was meanwhile associated with an 11% decrease in premature birth rates in the following years. These changes remain in place today," says Enrico Debiasi, researcher at the Department of Public Health Sciences, Stockholm University.

Parental leave benefits in Sweden for most parents consist of approximately 80% of their salary prior to childbirth. However, due to a previous non-salaried leave period or a shift to part-time work, parents who already have a child might receive lower benefits for their next child. This is a situation that is very common for Swedish women after a period of parental leave, according to Debiasi.

In order to reduce the risk of low benefits for parents who had children in quick succession, the speed premium policywas introduced. The policy stipulated that among those with children born up to 24 months apart, parental leave benefits would be calculated according to the income received before the first one of those children was born.

"The policy was well-intentioned and offered important socioeconomic benefits for mothers, as has been shown previously. However, it did not anticipate that parents would shorten birth spacing, which is associated with adverse health consequences for the mother and the child," says Sol Juarez, Associate Professor at the Department of Public Health Sciences, Stockholm University.

The policy also encouraged women to postpone having children in order to protect their income, while still achieving their desired number of children, adds Helena Honkaniemi, researcher at the Department of Public Health Sciences, Stockholm University.

"This resulted in a higher proportion of women having multiple children at advanced ages, which is also a risk factor for several adverse reproductive health outcomes," she says.

Overall, the new study offers an excellent example of the consequences of not considering health when designing family policies, according to Juarez.

The study was published in the scientific journal JAMA Pediatrics.
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Everyday social interactions predict language development in infants | ScienceDaily
A parent interacting with a baby is a heart-warming and universal scene. The parent speaks in a high-pitched voice -- known as "parentese" -- as they respond positively to the baby's babbling and gestures, commonly with eye contact and smiles.


						
These connections don't just make for a touching sight. New research from the University of Washington's Institute for Learning & Brain Sciences (I-LABS) shows they're important for infant language growth, too.

In a study published April 8 in Current Biology, researchers used a safe and noninvasive brain-imaging technique called magnetoencephalography, or MEG, to monitor infant brain activity during social and nonsocial interactions with the same adult. They found that when the adult talked and played socially with a 5-month-old baby, the baby's brain activity particularly increased in regions responsible for attention -- and the level of this type of activity predicted enhanced language development at later ages. This 'social' scenario was compared with a 'nonsocial' scenario in which the adult turned away from the baby to talk to another person. This interaction showed lower activity levels in the same brain areas.

"This is the first study to directly compare infant brain responses to adult-infant social interaction versus nonsocial interaction, and then follow up with the children until they reached the age of 2.5 to see how the early brain activation relates to the child's future language abilities," said lead author Alexis Bosseler, research scientist at I-LABS.

The MEG brain-imaging technology allowed the baby to move and interact naturally with the adult, which enabled researchers to track the firing of neurons from multiple areas in the baby's brain as the adult talked to, played with and smiled at the baby. They then monitored the infant's brain activity a second time as the adult turned away and paid attention to someone else.

These actions naturally occur every day between adults and babies, and the study showed they have different measurable effects on a baby's brain. Researchers found that increased neural activity in response to the social interaction at 5 months predicted enhanced language development at five later ages: 18, 21, 24, 27 and 30 months. The researchers tracked infants' language development using a well-documented and validated survey that asks parents about words and sentences their infants say at home.

"The connection between early brain reactions and later language is consistent with scientists' fascination with the early age period and opens up many new questions that we, and others, will be exploring," said co-author Andrew Meltzoff, I-LABS co-director and a UW professor of psychology.




Researchers chose 5-month-old babies for the study because that age is just before the "sensitive period" for speech-language learning, which begins at about 6 months. Once this period begins, it's especially important for infants to observe adults because attention enhances learning.

Using parentese with infants represents an intuitive desire to connect, said Patricia Kuhl, senior author and co-director of I-LABS.

"There's an implicit understanding that language is about connection," Kuhl said. "It's about a communicative pathway between you and the other. This starts in infancy with the desire to make that communicative connection."

The study's results are particularly important for parents and early educators to understand, Kuhl said.

"We knew from previous work that social interaction is essential at 9-months of age for foreign-language learning, but the current study shows that social interaction plays a role much earlier," Kuhl said. "The study shows that parents' natural use of parentese, coupled with smiles, touch and their warm back-and-forth responses to the baby's actions, have a real-world, measurable impact on the baby's brain. We theorize that this parent behavior, which we call 'the social ensemble,' captures and holds infants' attention and motivates them to learn at a critical time in development."
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Researchers envision sci-fi worlds involving changes to atmospheric water cycle | ScienceDaily
Human activity is changing the way water flows between the Earth and atmosphere in complex ways and with likely long-lasting consequences that are hard to picture.


						
Land use change is altering where clouds form and how precipitation is distributed. Meanwhile, weather modification activities like cloud seeding are shifting how nations plan for water use in the face of climate change. These and other changes to the planet's atmospheric water cycle were once hard to imagine but are increasingly part of modern water management on the planet.

Colorado State University Assistant Professor Patrick Keys is an expert in climate and societal change. He has been studying these types of issues for years and realized there was a potential gap when it came to understanding -- not only in the public but among the water research community -- the lasting implications of these changes.

To better grasp how those kinds of activities could shape the world, he enlisted water scientists from around the globe to write story-based scenarios about the possible futures humanity is facing but perhaps can't quite comprehend yet. The results were recently published in Global Sustainability as part of a creative pathway to understand atmospheric water research with an eye towards the potential economic and policy issues that may be just beyond the horizon.

The work features striking artist-made images that pair with traditional science fiction narratives as well as alternative story forms like first-person journal entries. Keys said the package offers a wide path -- grounded in science -- to build a shared understanding of future water management activities and problems.

"Stories are everywhere and are an integral part of human life," he said. "They tell you something different from a graph in a research paper. They allow you to explore how people may feel or react to these kinds of changes. This kind of work provides agency for people and an opportunity to consider these changes no matter their background or level of understanding."

Research for this work came in three distinct phases, according to Keys. First, he used computational text analysis to find recurring themes in journal abstracts about the current state of atmospheric water cycle research. He then sorted the data -- identifying clusters of recurring terms against a grid of common economic goods principles for discussion. The goal, he said, was to better describe the ways humans and institutions may interact with the atmospheric water cycle in the future. Specifically: how entities in the future, such as countries or private actors, could eventually act to protect their own resources or how they may leverage advantages to gain access to water as a crucial natural resource in the future.




It's those relationships and interactions, Keys wanted to explore in the third part of this research and where science fiction comes into play.

Science fiction and reality of atmospheric water resources beyond 2050 With a better grip on the potential future relationships of water management in this space, Keys next asked experts to imagine a world that is decades in the future where activities like cloud seeding were common and the long-term results are more apparent.

The result was an exercise in science fiction storytelling with the specific goal of probing reality and envisioning even the weirdest possible outcomes.

"I think we have a sense that some futures are more likely than others, but we need to realize that to adequately cover the possible trajectories our world could head toward, models alone may not cut it," he said. "Especially when we are talking about things that are hard to quantify, like culture or perception, that may wind up playing a large part in the actual outcomes."

To create the narratives Keys hosted a series of workshops with interdisciplinary water experts from all fields and backgrounds and walked them through a 'futures thinking' approach. The experts were not siloed by discipline and topic during the exercise, with the hope of sparking even more creativity. In the end, 10 story-based scenarios were developed and are included in the paper. Keys also worked with the artist Fabio Comin over the course of a year to create the accompanying imagery.

Keys is based in the Department of Atmospheric Science in the Walter Scott, Jr. College of Engineering. He had several partners in the paper including postdoctoral fellow Rekha Warrier from the Human Dimensions of Natural Resources Department at CSU. Other researchers came from the University of California, Davis, the University of California, Los Angeles, the Stockholm Resilience Centre, and the Potsdam Institute for Climate Impact Research.

Keys said he is now using similar approaches for another project with the Colorado Water Center. He added that one of his goals with both projects was to ignite conversations around the water cycle at what is becoming a key moment for action globally.

"These scenarios have an ability to raise interesting questions about policy, regulation and enforcement -- what those all may look like," he said. "This approach can also help us recognize some of the aspects we may not be paying attention to and make better sense of it all."
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        The hidden role of the Milky Way in ancient Egyptian mythology
        Astrophysicists shed light on the relationship between the Milky Way and the Egyptian sky-goddess Nut. The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

      

      
        Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials
        In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.

      

      
        'Teacher Toads' can save native animals from toxic cane toads
        Scientists from Macquarie University have come up with an innovative way to stop cane toads killing native wildlife by training goannas to avoid eating the deadly amphibians.

      

      
        Do some mysterious bones belong to gigantic ichthyosaurs?
        Several similar large, fossilized bone fragments have been discovered in various regions across Western and Central Europe since the 19th century. The animal group to which they belonged is still the subject of much debate to this day. A study could now settle this dispute once and for all: The microstructure of the fossils indicates that they come from the lower jaw of a gigantic ichthyosaur. These animals could reach 25 to 30 meters in length, a similar size to the modern blue whale.

      

      
        Engineers design soft and flexible 'skeletons' for muscle-powered robots
        Engineers designed modular, spring-like devices to maximize the work of live muscle fibers so they can be harnessed to power biohybrid robots.

      

      
        Inexplicable flying fox found in Hydra galaxy cluster
        High sensitivity radio observations have discovered a cloud of magnetized plasma in the Hydra galaxy cluster. The odd location and shape of this plasma defy all conventional explanations. Dubbed the Flying Fox based on its silhouette, this plasma will remain a mystery until additional observations can provide more insight.

      

      
        Toothed whale echolocation organs evolved from jaw muscles
        Genetic analysis finds evidence suggesting that acoustic fat bodies in the heads of toothed whales were once the muscles and bone marrow of the jaw.

      

      
        How the moon turned itself inside out
        Linking analyses of the moon's gravity field with models of its earliest evolution, scientists tell a story of the moon turning itself inside out after it solidified from a primordial magma ocean. The process left behind a vestige of dense, titanium-rich material beneath its Earth-facing side that makes its presence known by gravity anomalies.

      

      
        Mediterranean marine worm has developed enormous eyes
        Scientists are amazed at the discovery of a bristle worm with such sharp-seeing eyes that they can measure up to those of mammals and octopuses. The researchers suspect that these marine worms may have a secretive language, which uses UV light only seen by their own species. The advanced vision of such a primitive creature helps to finally settle an epic debate about the evolution of eyes.

      

      
        Telescope detects unprecedented behavior from nearby magnetar
        Captured by cutting-edge radio telescope technology, a chance reactivation of a magnetar -- the Universe's most powerful magnets -- has revealed an unexpectedly complex environment.

      

      
        Astronomy: How do brown dwarfs form?
        New observations provide insights into whether the birth of the giant planets takes a similar course to that of stars.

      

      
        CHEOPS detects a 'rainbow' on an exoplanet
        The CHEOPS space telescope is providing new information on the mysterious exoplanet WASP-76b. This ultra-hot giant is characterized by an asymmetry between the amount of light observed on its eastern terminator -- the fictitious line that separates its night side from its day side -- and that observed on its western terminator. This peculiarity is thought to be due to a 'glory', a luminous phenomenon similar to a rainbow, which occurs if the light from the star -- the 'sun' around which the exopl...

      

      
        Stellar collisions produce strange, zombie-like survivors
        Densely packed, fast-moving stars at the Milky Way's center can collide with each other. New research uses simulations to explore the outcomes of these collisions. Some collisions are more like 'violent high fives' while others are full-on mergers.

      

      
        Finds at Schoningen show wood was crucial raw material 300,000 years ago
        During archaeological excavations in the Schoningen open-cast coal mine in 1994, the discovery of the oldest, remarkably well-preserved hunting weapons known to humanity caused an international sensation. Spears and a double-pointed throwing stick were found lying between animal bones about ten meters below the surface in deposits at a former lakeshore. In the years that followed, extensive excavations have gradually yielded numerous wooden objects from a layer dating from the end of a warm inter...

      

      
        Researchers envision sci-fi worlds involving changes to atmospheric water cycle
        Human activity is changing the way water flows between the Earth and atmosphere in complex ways and with likely long-lasting consequences that are hard to picture. Researchers enlisted water scientists from around the globe to write story-based scenarios about the possible futures humanity is facing but perhaps can't quite comprehend yet. The results are part of a creative pathway to understand atmospheric water research with an eye towards the potential economic and policy issues that may be jus...
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The hidden role of the Milky Way in ancient Egyptian mythology | ScienceDaily
Ancient Egyptians were known for their religious beliefs and astronomical knowledge of the Sun, Moon, and planets, but up until now it has been unclear what role the Milky Way played in Egyptian religion and culture.


						
A new study by a University of Portsmouth astrophysicist sheds light on the relationship between the Milky Way and the Egyptian sky-goddess Nut.

Nut is goddess of the sky, who is often depicted as a star-studded woman arched over her brother, the earth god Geb. She protects the earth from being flooded by the encroaching waters of the void, and plays a key role in the solar cycle, swallowing the Sun as it sets at dusk and giving birth to it once more as it rises at dawn.

The paper draws on ancient Egyptian texts and simulations to argue that the Milky Way might have shone a spotlight, as it were, on Nut's role as the sky. It proposes that in winter, the Milky Way highlighted Nut's outstretched arms, while in summer, it traced her backbone across the heavens.

Associate Professor in Astrophysics, Dr Or Graur, said: "I chanced upon the sky-goddess Nut when I was writing a book on galaxies and looking into the mythology of the Milky Way. I took my daughters to a museum and they were enchanted by this image of an arched woman and kept asking to hear stories about her.

"This sparked my interest and I decided to combine both astronomy and Egyptology to do a double analysis -- astronomical and cross-cultural -- of the sky-goddess Nut, and whether she really could be linked to the Milky Way."

Dr Graur drew from a rich collection of ancient sources including the Pyramid Texts, Coffin Texts, and the Book of Nut and compared them alongside sophisticated simulations of the Egyptian night sky.




He found compelling evidence that the Milky Way highlighted Nut's divine presence.

Furthermore, Dr Graur connected Egyptian beliefs with those of other cultures, showing similarities in how different societies interpret the Milky Way.

He said: "My study also shows that Nut's role in the transition of the deceased to the afterlife and her connection to the annual bird migration are consistent with how other cultures understand the Milky Way. For example, as a spirits' road among different peoples in North and Central America or as the Birds' Path in Finland and the Baltics.

"My research shows how combining disciplines can offer new insights into ancient beliefs, and it highlights how astronomy connects humanity across cultures, geography, and time. This paper is an exciting start to a larger project to catalogue and study the multicultural mythology of the Milky Way."
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Revolutionary molecular device unleashes potential for targeted drug delivery and self-healing materials | ScienceDaily
In a new breakthrough that could revolutionise medical and material engineering, scientists have developed a first-of-its-kind molecular device that controls the release of multiple small molecules using force.


						
The researchers from The University of Manchester describe a force-controlled release system that harnesses natural forces to trigger targeted release of molecules, which could significantly advance medical treatment and smart materials.

The discovery, published today in the journal Nature, uses a novel technique using a type of interlocked molecule known as rotaxane. Under the influence of mechanical force -- such as that observed at an injured or damaged site -- this component triggers the release of functional molecules, like medicines or healing agents, to precisely target the area in need. For example, the site of a tumour.

It also holds promise for self-healing materials that can repair themselves in situ when damaged, prolonging the lifespan of these materials. For example, a scratch on a phone screen.

Guillaume De Bo, Professor of Organic Chemistry at The University of Manchester, said: "Forces are ubiquitous in nature and play pivotal roles in various processes. Our aim was to exploit these forces for transformative applications, particularly in material durability and drug delivery.

"Although this is only a proof-of-concept design, we believe that our rotaxane-based approach holds immense potential with far reaching applications -- we're on the brink of some truly remarkable advancements in healthcare and technology."

Traditionally, the controlled release of molecules with force has presented challenges in releasing more than one molecule at once, usually operating through a molecular "tug of war" game where two polymers pull at either side to release a single molecule.




The new approach involves two polymer chains attached to a central ring-like structure that slide along an axle supporting the cargo, effectively releasing multiple cargo molecules in response to force application. The scientists demonstrated the release of up to five molecules simultaneously with the possibility of releasing more, overcoming previous limitations.

The breakthrough marks the first time scientists have been able to demonstrate the ability to release more than one component, making it one of the most efficient release systems to date.

The researchers also show versatility of the model by using different types of molecules, including drug compounds, fluorescent markers, catalyst and monomers, revealing the potential for a wealth of future applications.

Looking ahead, the researchers aim to delve deeper into self-healing applications, exploring whether two different types of molecules can be released at the same time. For example, the integration of monomers and catalysts could enable polymerization at the site of damage, creating an integrated self-healing system within materials.

They will also look to expand the sort of molecules that can be released.

Prof De Bo said: "We've barely scratched the surface of what this technology can achieve. The possibilities are limitless, and we're excited to explore further."
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'Teacher Toads' can save native animals from toxic cane toads | ScienceDaily

The study, led by wildlife biologist Dr Georgia Ward-Fear, a Postdoctoral Research Fellow at Macquarie University, showed high survival rates in groups of goannas in the remote Kimberley region of Western Australia trained to avoid poisonous cane toads.

"Our work in adaptive management for conservation is based on decades of cane toad research and involves a broad group of people and organisations," says Dr Ward-Fear.

"Cane toads crossed into Western Australia in 2009 and have made it most of the way across the Kimberley, with disastrous results.

"When apex predators like goannas eat an adult cane toad, they die quickly and painfully -- and when they disappear, it affects the whole food web."

Together with Macquarie University evolutionary biologist Professor Rick Shine, Dr Ward-Fear ran small scale field trials in 2016 showing when lizards are first exposed to younger, smaller cane toads, they get sick from eating them, but don't die. Most will then avoid eating another cane toad and survive.

"It's a form of ecological immunisation, building resilience in native wildlife against invasive species," Dr Ward-Fear says.




Teaching Taste Aversion

Using sites at the frontline of the cane toad invasion, the study field-tested this method (called 'conditioned taste aversion') on groups of yellow-spotted monitors, a tropical goanna species heavily impacted by cane toad spread.

"Cane toads have so far been unstoppable, so we wanted to scale up our success in small areas, to a landscape approach," says Dr Ward-Fear.

Initially, the team taste-trained individual goannas in the field, tracking them with radio tags during the arrival of the highly poisonous adult cane toads heading the invasion frontline. The taste-trained goannas had far better survival rates.

As cane toads arrive, we see a very rapid and huge decline in the larger predators which regulate the food web from the top. This imbalance sends ripples through the whole ecosystem.

The 'taster toad' method was then trialled at an ecosystem scale.




The results were remarkable, says Dr Ward-Fear. At control sites which did not introduce the small 'taster toads' before the larger, highly poisonous adult cane toads arrived, goanna populations plummeted by up to 94 per cent.

However, at sites where taste aversion was trialled, goanna populations ranged from 35 per cent to 140 per cent of pre-invasion levels by the time the study finished.

Group effort the key to success

Dr Ward-Fear says this study tracks Australia's largest cane toad mitigation strategy to date, so upscaling the methodology from individual trials to the ecosystem level was an exercise in logistics and collaborative partnerships.

"The strategy involved releasing thousands of eggs, tadpoles and juvenile cane toads into wild waterbodies in the Fitzroy Valley in Western Australia's Kimberley region, immediately ahead of the invasion frontline," says Dr Ward-Fear.

This ambitious approach depended heavily on collaboration with the Cane Toad Coalition, a group of research, conservation and land management organisations coordinated by Dr Ward-Fear and Professor Shine, and supported by an Australian Research Council grant.

?Working with the Bunuba Rangers and the Western Australian Department of Biodiversity, Conservation and Attractions to raise then release juvenile toads, the team used camera traps and sardine-tin baits to observe goanna populations.

Food web impact

Goannas, crocodiles and other larger predators are the only species directly affected by cane toads, but the knock-on effect in Northern Australia of losing these animals has been profound, Dr Ward-Fear says.

Cane toads were introduced to Australian sugar cane farms in 1935 to control pests and have since spread across the tropics, decimating populations of native Australian predators who eat them.

"As cane toads arrive, we see a very rapid and huge decline in the larger predators which regulate the food web from the top. This imbalance sends ripples through the whole ecosystem," she says.

Free from large predators, snakes and lizards breed up in huge numbers, exerting strong pressure on their prey species like frogs and small lizards, who then decline. This can see insect species proliferate, annihilating many plant species.

"Goannas are significant cultural totems for Traditional Owners across northern Australia, and an important bush tucker food," Dr Ward-Fear says.

"In parts of the Kimberley there can be five different language words associated with a goanna burrow, for example -- nesting burrows, night-time burrows and so on, so when that species disappears from the landscape, it's more difficult to practice those aspects of your culture."

Long term effects

Dr Ward-Fear says although their intervention was targeted to relatively small, specific populations in Western Australia, its results will have long-term impacts.

"By managing the initial impact of the invasion, we see ongoing survival of goanna populations because after cane toads invade and begin breeding, plenty of baby toads will "train" the next generation of goannas, without us having to keep adding more toads to the system."

Dr Ward-Fear says the research shows that behavioural interventions can be a viable alternative to traditional wildlife management approaches that try to wipe out invasive species -- a goal that is often impossible to achieve.

"While it's impossible to deploy 'teacher toads' right across the Australian tropics, we can maintain pockets with healthy predator populations, and potentially these can repopulate areas where goannas have become locally extinct," she says.

"We're optimistic that even a single deployment can have long-term effects."

Dr Georgia Ward-Fear is a wildlife biologist in the School of Natural Sciences. She formed the Cane Toad Coalition and worked with a broad group of stakeholders to trial the large-scale cane toad intervention.
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Do some mysterious bones belong to gigantic ichthyosaurs? | ScienceDaily
Several similar large, fossilized bone fragments have been discovered in various regions across Western and Central Europe since the 19th century. The animal group to which they belonged is still the subject of much debate to this day. A study carried out at the University of Bonn could now settle this dispute once and for all: The microstructure of the fossils indicates that they come from the lower jaw of a gigantic ichthyosaur. These animals could reach 25 to 30 meters in length, a similar size to the modern blue whale. The results have now been published in the journal PeerJ.


						
In 1850, the British naturalist Samuel Stutchbury reported a mysterious find in a scientific journal: A large, cylindrical bone fragment had been discovered at Aust Cliff -- a fossil deposit near to Bristol. Similar bone fragments have since been found in various different places around Europe, including Bonenburg in North Rhine-Westphalia and in the Provence region of France. More than 200 million years ago, these areas were submerged beneath a huge ocean that covered vast swathes of Western and Central Europe. Fossil remains from the animal world of that time -- including marine and coastal dwellers -- have been preserved in the sediment.

There is still some debate to this day about the animal group to which these large, fossilized bones belonged. Stutchbury assumed in his examination of the first finds that they came from a labyrinthodontia, an extinct crocodile-like land creature. However, this hypothesis was questioned by other researchers, who believed instead that the fossils came from long-necked dinosaurs (sauropods), stegosaurs or a still completely unknown group of dinosaurs.

Unusual tissue made of protein fibers

"Already by the beginning of the 20th century, some other researchers had theorized that the fossils could possibly be from a gigantic ichthyosaur," explains Marcello Perillo. The young researcher has been investigating this theory as part of his Master's Thesis in the research group headed by Prof. Martin Sander in the Institute of Geosciences at the University of Bonn. As part of his work, he examined the microstructure of the fossilized bone tissue. "Bones of similar species generally have a similar structure," he says. "Osteohistology -- the analysis of bone tissue -- can thus be used to draw conclusions about the animal group from which the find originates."

Perillo first took samples from the bones that have so far not been classified. "I compared specimens from South West England, France and Bonenburg," he says. "They all displayed a very specific combination of properties. This discovery indicated that they might come from the same animal group." He then used a special microscope to prove that the bone wall had a very unusual structure: It contained long strands of mineralized collagen, a protein fiber, which were interwoven in a characteristic way that had not yet been found in other bones.

Ichthyosaur bones with a similar structure

Interestingly, fossils from large ichthyosaurs from Canada also have a very similar bone wall structure. "However, this structure is not found in fossil samples from other animal groups that I have studied," emphasized Perillo. "Therefore, it seems highly probable that the fragments in question also belong to an ichthyosaur and that the findings refute the claim that the bones come from a land-living dinosaur."




It is likely that the fossils come from the lower jaw of a sea creature. By comparing the size of the fragments with the jaws of other species in this animal group, it is possible to deduce the length of the animals: They could possibly have reached a length of 25 to 30 meters, as proponents of the ichthyosaur theory had originally speculated in an earlier study. "However, this number is only an estimate and far from certain -- until, that is, we find more complete fossil remains," says Perillo. Nevertheless, they were certainly exceptionally large.

The first ichthyosaur lived in the ancient oceans in the early Triassic period around 250 million years ago. Species as big as whales existed early on but the largest creatures only appeared around 215 million years ago. Almost all species of ichthyosaur then died out at the end of the Triassic period more than 200 million years ago.

The unusual structure of their bone walls -- which is similar to carbon fiber reinforced materials -- probably kept the bone very stable while allowing for fast growth. "These huge jaws would have been exposed to strong shearing forces even when the animal was eating normally," says Perillo. "It is possible that these animals also used their snouts to ram into their prey, similar to the orcas of today. However, this is still pure speculation at this time."
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Engineers design soft and flexible 'skeletons' for muscle-powered robots | ScienceDaily
Our muscles are nature's perfect actuators -- devices that turn energy into motion. For their size, muscle fibers are more powerful and precise than most synthetic actuators. They can even heal from damage and grow stronger with exercise.


						
For these reasons, engineers are exploring ways to power robots with natural muscles. They've demonstrated a handful of "biohybrid" robots that use muscle-based actuators to power artificial skeletons that walk, swim, pump, and grip. But for every bot, there's a very different build, and no general blueprint for how to get the most out of muscles for any given robot design.

Now, MIT engineers have developed a spring-like device that could be used as a basic skeleton-like module for almost any muscle-bound bot. The new spring, or "flexure," is designed to get the most work out of any attached muscle tissues. Like a leg press that's fit with just the right amount of weight, the device maximizes the amount of movement that a muscle can naturally produce.

The researchers found that when they fit a ring of muscle tissue onto the device, much like a rubber band stretched around two posts, the muscle pulled on the spring, reliably and repeatedly, and stretched it five times more, compared with other previous device designs.

The team sees the flexure design as a new building block that can be combined with other flexures to build any configuration of artificial skeletons. Engineers can then fit the skeletons with muscle tissues to power their movements.

"These flexures are like a skeleton that people can now use to turn muscle actuation into multiple degrees of freedom of motion in a very predictable way," says Ritu Raman, the Brit and Alex d'Arbeloff Career Development Professor in Engineering Design at MIT. "We are giving roboticists a new set of rules to make powerful and precise muscle-powered robots that do interesting things."

Raman and her colleagues report the details of the new flexure design in a paper appearing in the journal Advanced Intelligent Systems. The study's MIT co-authors include Naomi Lynch '12, SM '23; undergraduate Tara Sheehan; graduate students Nicolas Castro, Laura Rosado, and Brandon Rios; and professor of mechanical engineering Martin Culpepper.




Muscle pull

When left alone in a petri dish in favorable conditions, muscle tissue will contract on its own but in directions that are not entirely predictable or of much use.

"If muscle is not attached to anything, it will move a lot, but with huge variability, where it's just flailing around in liquid," Raman says.

To get a muscle to work like a mechanical actuator, engineers typically attach a band of muscle tissue between two small, flexible posts. As the muscle band naturally contracts, it can bend the posts and pull them together, producing some movement that would ideally power part of a robotic skeleton. But in these designs, muscles have produced limited movement, mainly because the tissues are so variable in how they contact the posts. Depending on where the muscles are placed on the posts, and how much of the muscle surface is touching the post, the muscles may succeed in pulling the posts together but at other times may wobble around in uncontrollable ways.

Raman's group looked to design a skeleton that focuses and maximizes a muscle's contractions regardless of exactly where and how it is placed on a skeleton, to generate the most movement in a predictable, reliable way.

"The question is: How do we design a skeleton that most efficiently uses the force the muscle is generating?" Raman says.




The researchers first considered the multiple directions that a muscle can naturally move. They reasoned that if a muscle is to pull two posts together along a specific direction, the posts should be connected to a spring that only allows them to move in that direction when pulled.

"We need a device that is very soft and flexible in one direction, and very stiff in all other directions, so that when a muscle contracts, all that force gets efficiently converted into motion in one direction," Raman says.

Soft flex

As it turns out, Raman found many such devices in Professor Martin Culpepper's lab. Culpepper's group at MIT specializes in the design and fabrication of machine elements such as miniature actuators, bearings, and other mechanisms, that can be built into machines and systems to enable ultraprecise movement, measurement, and control, for a wide variety of applications. Among the group's precision machined elements are flexures -- spring-like devices, often made from parallel beams, that can flex and stretch with nanometer precision.

"Depending on how thin and far apart the beams are, you can change how stiff the spring appears to be," Raman says.

She and Culpepper teamed up to design a flexure specifically tailored with a configuration and stiffness to enable muscle tissue to naturally contract and maximally stretch the spring. The team designed the device's configuration and dimensions based on numerous calculations they carried out to relate a muscle's natural forces with a flexure's stiffness and degree of movement.

The flexure they ultimately designed is 1/100 the stiffness of muscle tissue itself. The device resembles a miniature, accordion-like structure, the corners of which are pinned to an underlying base by a small post, which sits near a neighboring post that is fit directly onto the base. Raman then wrapped a band of muscle around the two corner posts (the team molded the bands from live muscle fibers that they grew from mouse cells), and measured how close the posts were pulled together as the muscle band contracted.

The team found that the flexure's configuration enabled the muscle band to contract mostly along the direction between the two posts. This focused contraction allowed the muscle to pull the posts much closer together -- five times closer -- compared with previous muscle actuator designs.

"The flexure is a skeleton that we designed to be very soft and flexible in one direction, and very stiff in all other directions," Raman says. "When the muscle contracts, all the force is converted into movement in that direction. It's a huge magnification."

The team found they could use the device to precisely measure muscle performance and endurance. When they varied the frequency of muscle contractions (for instance, stimulating the bands to contract once versus four times per second), they observed that the muscles "grew tired" at higher frequencies, and didn't generate as much pull.

"Looking at how quickly our muscles get tired, and how we can exercise them to have high-endurance responses -- this is what we can uncover with this platform," Raman says.

The researchers are now adapting and combining flexures to build precise, articulated, and reliable robots, powered by natural muscles.

"An example of a robot we are trying to build in the future is a surgical robot that can perform minimally invasive procedures inside the body," Raman says. "Technically, muscles can power robots of any size, but we are particularly excited in making small robots, as this is where biological actuators excel in terms of strength, efficiency, and adaptability."
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Inexplicable flying fox found in Hydra galaxy cluster | ScienceDaily

									National Institutes of Natural Sciences. "Inexplicable flying fox found in Hydra galaxy cluster." ScienceDaily. ScienceDaily, 8 April 2024. <www.sciencedaily.com/releases/2024/04/240408130801.htm>.
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Toothed whale echolocation organs evolved from jaw muscles | ScienceDaily
Genetic analysis finds evidence suggesting that acoustic fat bodies in the heads of toothed whales were once the muscles and bone marrow of the jaw.


						
Dolphins and whales use sound to communicate, navigate and hunt. New research suggests that the collections of fatty tissue that enable toothed whales to do so may have evolved from their skull muscles and bone marrow.

Scientists at Hokkaido University determined DNA sequences of genes which were expressed in acoustic fat bodies -- collections of fat around the head that toothed whales use for echolocation. They measured gene expression in the harbor porpoise (Phocoena phocoena) and Pacific white-sided dolphin (Lagenorhynchus obliquidens). Their findings were published in the journal Gene.

The evolution of acoustic fat bodies in the head -- the melon in the whale forehead, extramandibular fat bodies (EMFB) alongside the jawbone, and intramandibular fat bodies (IMFB) within the jawbone -- was essential for sound use such as echolocation. However, little is known about the genetic origins of those fatty tissues.

"Toothed whales have undergone significant degenerations and adaptations to their aquatic lifestyle," said Hayate Takeuchi, a PhD student at Hokkaido University's Hayakawa Lab and first author of the study. One adaptation was the partial loss of their sense of smell and taste, along with the gain of echolocation to enable them to navigate in the underwater environment.

The researchers found that genes which are normally associated with muscle function and development were active in the melon and EMFBs. There was also evidence of an evolutionary connection between the extramandibular fat and the masseter muscle, which in humans connects the lower jawbone to the cheekbones and is a key muscle involved in chewing.

"This study has revealed that the evolutionary tradeoff of masticatory muscles for the EMFB -- between auditory and feeding ecology -- was crucial in the aquatic adaptation of toothed whales," said Assistant Professor Takashi Hayakawa of the Faculty of Environmental Earth Science, who led the study. "It was part of the evolutionary shift away from chewing to simply swallowing food, which meant the chewing muscles were no longer needed."

Analysis of gene expression in the intramandibular fat detected activity of genes related to immune functions, such as the activation of some elements of the immune response and regulation of T cell formation.

The Stranding Network Hokkaido (SNH) is another important aspect of the research, as the samples used in this study were collected by them. SNH has collected specimens of stranded whales in the seashore and river mouth in Hokkaido. "Long-term communication with local people and communities in Hokkaido has enabled researchers to conduct various studies of whale biology, including our surprising findings," said Professor Takashi Fritz Matsuishi, the director of SNH.
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How the moon turned itself inside out | ScienceDaily
About 4.5 billion years ago, a small planet smashed into the young Earth, flinging molten rock into space. Slowly, the debris coalesced, cooled and solidified, forming our moon. This scenario of how the Earth's moon came to be is the one largely agreed upon by most scientists. But the details of how exactly that happened are "more of a choose-your-own adventure novel," according to researchers in the University of Arizona Lunar and Planetary Laboratory who published a paper in Nature Geoscience. The findings offer important insights into the evolution of the lunar interior, and potentially for planets such as the Earth or Mars.


						
Most of what is known about the origin of the moon comes from analyses of rock samples, collected by Apollo astronauts more than 50 years ago, combined with theoretical models. The samples of basaltic lava rocks brought back from the moon showed surprisingly high concentrations of titanium. Later satellite observations found that these titanium-rich volcanic rocks are primarily located on the moon's nearside, but how and why they got there has remained a mystery -- until now.

Because the moon formed fast and hot, it was likely covered by a global magma ocean. As the molten rock gradually cooled and solidified, it formed the moon's mantle and the bright crust we see when we look up at a full moon at night. But deeper below the surface, the young moon was wildly out of equilibrium. Models suggest that the last dregs of the magma ocean crystallized into dense minerals including ilmenite, a mineral containing titanium and iron.

"Because these heavy minerals are denser than the mantle underneath, it creates a gravitational instability, and you would expect this layer to sink deeper into the moon's interior," said Weigang Liang, who led the research as part of his doctoral work at LPL.

Somehow, in the millennia that followed, that dense material did sink into the interior, mixed with the mantle, melted and returned to the surface as titanium-rich lava flows that we see on the surface today.

"Our moon literally turned itself inside out," said co-author and LPL associate professor Jeff Andrews-Hanna. "But there has been little physical evidence to shed light on the exact sequence of events during this critical phase of lunar history, and there is a lot of disagreement in the details of what went down -- literally."

Did this material sink as it formed a little at a time, or all at once after the moon had fully solidified? Did it sink into the interior globally and then rise up on the near side, or did it migrate to the near side and then sink? Did it sink in one big blob, or several smaller blobs?




"Without evidence, you can pick your favorite model. Each model holds profound implications for the geologic evolution of our moon," said co-lead author Adrien Broquet of the German Aerospace Center in Berlin, who did the work during his time as a postdoctoral research associate at LPL.

In a previous study, led by Nan Zhang at Peking University in Beijing, who is also a co-author on the latest paper, models predicted that the dense layer of titanium-rich material beneath the crust first migrated to the near side of the moon, possibly triggered by a giant impact on the far side, and then sunk into the interior in a network of sheetlike slabs, cascading into the lunar interior almost like waterfalls. But when that material sank, it left behind a small remnant in a geometric pattern of intersecting linear bodies of dense titanium-rich material beneath the crust.

"When we saw those model predictions, it was like a lightbulb went on," said Andrews-Hanna, "because we see the exact same pattern when we look at subtle variations in the moon's gravity field, revealing a network of dense material lurking below the crust."

In the new study, the authors compared simulations of a sinking ilmenite-rich layer to a set of linear gravity anomalies detected by NASA's GRAIL mission, whose two spacecraft orbited the moon between 2011 and 2012, measuring tiny variations in its gravitational pull. These linear anomalies surround a vast dark region of the lunar near side covered by volcanic flows known as mare (Latin for "sea").

The authors found that the gravity signatures measured by the GRAIL mission are consistent with ilmenite layer simulations, and that the gravity field can be used to map out the distribution of the ilmenite remnants left after the sinking of the majority of the dense layer.

"Our analyses show that the models and data are telling one remarkably consistent story," Liang said. "Ilmenite materials migrated to the near side and sunk into the interior in sheetlike cascades, leaving behind a vestige that causes anomalies in the moon's gravity field, as seen by GRAIL."

The team's observations also constrain the timing of this event: The linear gravity anomalies are interrupted by the largest and oldest impact basins on the near side and therefore must have formed earlier. Based on these cross-cutting relationships, the authors suggest that the ilmenite-rich layer sank prior to 4.22 billion years ago, which is consistent with it contributing to later volcanism seen on the lunar surface.




"Analyzing these variations in the moon's gravity field allowed us to peek under the moon's surface and see what lies beneath," said Broquet, who worked with Liang to show that the anomalies in the moon's gravitational field match what would be expected for the zones of dense titanium-rich material predicted by computer simulation models of lunar overturn.

Lopsided moon

While the detection of lunar gravity anomalies provides evidence for the sinking of a dense layer in the moon's interior and allows for a more precise estimate of how and when this event occurred, what we see on the surface of the moon adds even more intrigue to the story, according to the research team.

"The moon is fundamentally lopsided in every respect," Andrews-Hanna said, explaining that the near side facing the Earth, and particularly the dark region known as Oceanus Procellarum region, is lower in elevation, has a thinner crust, is largely covered in lava flows, and has high concentrations of typically rare elements like titanium and thorium. The far side differs in each of these respects. Somehow, the overturn of the lunar mantle is thought to be related to the unique structure and history of the near side Procellarum region. But the details of that overturn have been a matter of considerable debate among scientists.

"Our work connects the dots between the geophysical evidence for the interior structure of the moon and computer models of its evolution," Liang added.

"For the first time we have physical evidence showing us what was happening in the moon's interior during this critical stage in its evolution, and that's really exciting," Andrews-Hanna said. "It turns out that the moon's earliest history is written below the surface, and it just took the right combination of models and data to unveil that story."

"The vestiges of early lunar evolution are present below the crust today, which is mesmerizing," Broquet said. "Future missions, such as with a seismic network, would allow a better investigation of the geometry of these structures."

Liang added: "When the Artemis astronauts eventually land on the moon to begin a new era of human exploration, we will have a very different understanding of our neighbor than we did when the Apollo astronauts first set foot on it."
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Mediterranean marine worm has developed enormous eyes | ScienceDaily
Scientists are amazed at the discovery of a bristle worm with such sharp-seeing eyes that they can measure up to those of mammals and octopuses. The researchers from University of Copenhagen and Lund University suspect that these marine worms may have a secretive language, which uses UV light only seen by their own species. The advanced vision of such a primitive creature helps to finally settle an epic debate about the evolution of eyes.


						
The Vanadis bristle worm has eyes as big as millstones -- relatively speaking. Indeed, if our eyes were proportionally as big as the ones of this Mediterranean marine worm, we would need a big sturdy wheelbarrow and brawny arms to lug around the extra 100kg.

As a set, the worm's eyes weigh about twenty times as much as the rest of the animal's head and seem grotesquely out of place on this tiny and transparent marine critter. As if two giant, shiny red balloons have been strapped to its body.

Vanadis bristle worms, also known as polychaetes, can be found around the Italian island of Ponza, just west of Naples. Like some of the island's summertime partiers, the worms are nocturnal and out of sight when the sun is high in the sky. So what does this polychaete do with its walloping peepers after dark? And what are they good for?

Neuro- and marine biologist Anders Garm from the University of Copenhagen's Department of Biology couldn't ignore the question. Setting other plans aside, the researcher felt compelled to dive in and try to find out. He was hooked as soon as his colleague Michael Bok at Lund University showed him a recording of the bristle worm.

"Together, we set out to unravel the mystery of why a nearly invisible, transparent worm that feeds in the dead of night has evolved to acquire enormous eyes. As such, the first aim was to answer whether large eyes endow the worm with good vision," says Michael Bok who together with Anders Garm, authors a new research article that does just that.

It turns out that the Vanadis' eyesight is excellent and advanced. Research has demonstrated that this worm can use its eyes to see small objects and track their movements.




"It's really interesting because an ability like this is typically reserved for us vertebrates, along with arthropods (insects, spiders, etc.) and cephalopods (octopus, squid). This is the first time that such an advanced and detailed view has been demonstrated beyond these groups. In fact, our research has shown that the worm has outstanding vision. Its eyesight is on a par with that of mice or rats, despite being a relatively simple organism with a miniscule brain," says Garm.

This is what makes the worm's eyes and extraordinary vision unique in the animal kingdom. And it was this combination of factors about the Vanadis bristle worm that really caught Anders Garm's attention. The researcher's work focuses on understanding how otherwise simple nervous systems can have very complex functions -- which was definitely the case here.

UV light and a secret language

For now, the researchers are trying to find out what caused the worm to develop such good eyesight. The worms are transparent, except for their eyes, which need to register light to function. So they can't be inherently transparent. That means that they come with evolutionary trade-offs. As becoming visible must have come at a cost to the Vanadis, something about the evolutionarily benefits of its eyes must outweigh the consequences.

Precisely what the worms gain remains unclear, particularly because they are nocturnal animals that tuck away during the day, when eyes usually work best.

"No one has ever seen the worm during the day, so we don't know where it hides. So, we cannot rule out that its eyes are used during the day as well. What we do know is that its most important activities, like finding food and mating, occur at night. So, it is likely that this is when its eyes are important," says Anders Garm.




Part of the explanation may be due to the fact that these worms see different wavelengths of light than we humans do. Their vision is geared to ultraviolet light, invisible to the human eye. And according to Garm, this may indicate that the purpose of its eyes is to see bioluminescent signals in the otherwise pitch-black nighttime sea.

"We have a theory that the worms themselves are bioluminescent and communicate with each other via light. If you use normal blue or green light as bioluminescence, you also risk attracting predators. But if instead, the worm uses UV light, it will remain invisible to animals other than those of its own species. Therefore, our hypothesis is that they've developed sharp UV vision so as to have a secret language related to mating," says Garm, who continues:

"It may also be that they are on the lookout look for UV bioluminescent prey. But regardless, it makes things truly exciting as UV bioluminescence has yet to be witnessed in any other animal. So, we hope to be able to present this as the first example," says the researcher.

Exciting for robotics research and evolutionary history

As a result of the discovery, Anders Garm and his research colleagues have also started working with robotics researchers from the Maersk Mc-Kinney Moller Institute at the University of Southern Denmark (SDU) who find technological inspiration in biology. Together, they share a common goal of investigating whether it is possible to understand the mechanism behind these eyes well enough so as to translate it into technology.

"Together with the robotics researchers, we are working to understand how animals with brains as simple as these can process all of the information that such large eyes are likely able to collect. This suggests that there are super smart ways to process information in their nervous system. And if we can detect these mechanisms mathematically, they could be integrated into computer chips and used to control robots," explains Ander Garm.

According to Garm, Vanadis' eyes are also interesting with regards to evolutionary theory because they could help settle one of the heaviest academic debates surrounding the theory: Whether eyes have only evolved once -- and evolved into every form that we know of today, or whether they have arisen several times, independently of one another, in evolutionary history.

Vanadis' eyes are built simply, but equipped with advanced functionality. At the same time, they have evolved in a relatively short evolutionarily time span of just a few million years. This means that they must have developed independently of, for example, human eyes, and that the development of vision, even with a high level of function, is possible in a relatively short time.

The eye and evolution

In general, eyes come in complex sizes, which is the case with the human eye, for example. Evolutionary skeptics have often pointed to the eye and said 'see for yourself, this must have been created by God'. The eyes of the Vanadis worm have a surprisingly simple natural "design" that has evolved in a relatively short time span compared to typical evolutionary timelines -- i.e., a few million years. Despite their simplicity, they are advanced.

The emergence of eyes has been the subject of many debates since Darwin presented his theory of evolution in On the Origin of Species, both among those who are religious and skeptics outside science, as well as among eye biology and vision researchers.

One of these debates has been about whether eyes have only evolved once -- and into every form that we know today, or whether they have arisen several times, independently of one another, in evolutionary history. Research in recent years has provided a number of pieces of evidence to support the latter, and the eyes of the Vanadis worm are another powerful piece of evidence in that direction.

"This means that they must have developed independently of, for example, human eyes and that the development of vision, even with a high level of function, is possible in a relatively short time. Because, this worm is so young on an evolutionary scale," says Michael Bok.

Darwin and the eye

In Charles Darwin's major work, On the Origin of Species, he wrote about the incredible nature of the eye in relation to his theory of evolution by natural selection. He is often quoted by evolutionary skeptics as saying:

"To suppose that the eye with all its inimitable contrivances for adjusting the focus to different distances, for admitting different amounts of light, and for the correction of spherical and chromatic aberration, could have been formed by natural selection, seems, I confess, absurd in the highest degree..."

But these quotations often forget to add the end of the passage:

"Yet reason tells me, that if numerous gradations from a perfect and complex eye to one very imperfect and simple, each grade being useful to its possessor, can be shown to exist; if further, the eye does vary ever so slightly, and the variations be inherited, which is certainly the case; and if any variation or modification in the organ be ever useful to an animal under changing conditions of life, then the difficulty of believing that a perfect and complex eye could be formed by natural selection, though insuperable by our imagination, can hardly be considered real." (Origin of Species, chap. 6)

Facts: The Worm
    	The Vanadis worm belongs to a family of large-eyed bristle worms, or polychaeta, found in many parts of the world.
    	Its eyesight rivals that of rodents such as mice and rats. Vanadis' eyes weigh about 20 times more than the rest of its head
    	The worms can see UV light and focus on relatively small objects, tracking them as they move.
    	It is nocturnal. The researchers believe that these bristle worms use their eyes to communicate for mating and hunting prey.

Facts: Bioluminescence
    	Bioluminescence is when organisms are luminescent, i.e., capable of producing light using their own power. This can be done chemically within the body, as with glow-worms.
    	Should the researchers succeed in documenting it, the Vanadis worm could become the first animal proven to use UV bioluminescence, meaning that they create ultraviolet light naturally, for communication, among other things.
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Telescope detects unprecedented behavior from nearby magnetar | ScienceDaily
Researchers using Murriyang, CSIRO's Parkes radio telescope, have detected unusual radio pulses from a previously dormant star with a powerful magnetic field.


						
 New results published today in Nature Astronomy describe radio signals from magnetar XTE J1810-197 behaving in complex ways.

 Magnetars are a type of neutron star and the strongest magnets in the Universe. At roughly 8,000 light years away, this magnetar is also the closest known to Earth.

 Most are known to emit polarised light, though the light this magnetar is emitting is circularly polarised, where the light appears to spiral as it moves through space.

 Dr Marcus Lower, a postdoctoral fellow at Australia's national science agency -- CSIRO, led the latest research and said the results are unexpected and totally unprecedented.

 "Unlike the radio signals we've seen from other magnetars, this one is emitting enormous amounts of rapidly changing circular polarisation. We had never seen anything like this before," Dr Lower said.

 Dr Manisha Caleb from the University of Sydney and co-author on the study said studying magnetars offers insights into the physics of intense magnetic fields and the environments these create.




 "The signals emitted from this magnetar imply that interactions at the surface of the star are more complex than previous theoretical explanations."

 Detecting radio pulses from magnetars is already extremely rare: XTE J1810-197 is one of only a handful known to produce them.

 While it's not certain why this magnetar is behaving so differently, the team has an idea.

 "Our results suggest there is a superheated plasma above the magnetar's magnetic pole, which is acting like a polarising filter," Dr Lower said.

 "How exactly the plasma is doing this is still to be determined."

 XTE J1810-197 was first observed to emit radio signals in 2003. Then it went silent for well over a decade. The signals were again detected by the University of Manchester's 76-m Lovell telescope at the Jodrell Bank Observatory in 2018 and quickly followed up by Murriyang, which has been crucial to observing the magnetar's radio emissions ever since.

 The 64-m diameter telescope on Wiradjuri Country is equipped with a cutting edge ultra-wide bandwidth receiver. The receiver was designed by CSIRO engineers who are world leaders in developing technologies for radio astronomy applications.

 The receiver allows for more precise measurements of celestial objects, especially magnetars, as it is highly sensitive to changes in brightness and polarisation across a broad range of radio frequencies.

 Studies of magnetars such as these provide insights into a range of extreme and unusual phenomena, such as plasma dynamics, bursts of X-rays and gamma-rays, and potentially fast radio bursts.
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Astronomy: How do brown dwarfs form? | ScienceDaily
New observations provide insights into whether the birth of the giant planets takes a similar course to that of stars.


						
The birth of stars is a chaotic and dynamic process, especially in the early phase, which is characterized by complex gas structures in the form of spirals and streamers. Such structures are termed "feeding filaments" because they feed the gaseous material from the surroundings to the newly born star, akin to cosmic umbilical cords.

Cosmic umbilical cord

Brown dwarfs are celestial objects with masses less than one-tenth of the mass of the Sun. This makes them too small to undergo nuclear fusion and shine like stars. Before now, scientists did not know whether brown dwarfs form like sun-like stars or not. A test of this hypothesis requires high-sensitivity and high-angular resolution observations of brown dwarfs during their earliest formation stages. An international team led by LMU astrophysicist Dr. Basmah Riaz from the University Observatory Munich has now accomplished just that: The researchers conducted observations of the extremely young brown dwarf, Ser-emb 16, using the highly sophisticated ALMA observatory in Chile and recently published their results in the journal Monthly Notices of the Royal Astronomical Society.

"Our observations have revealed spectacular large-scale spiral and streamer structures that have never been seen before towards a newly born brown dwarf," says Riaz. The filaments cover a vast area of about 2,000-3,000 astronomical units and are connected to Ser-emb 16. Clumps of matter were also seen around it, which themselves could potentially evolve into young brown dwarfs. "These observations show, for the first time, the influence of the external environment, which results in asymmetric mass accretion via feeding filaments on to a brown dwarf in the making," says the astronomer.

Collapsing clumps or magnetic cores?

The spiral structures and streamers provide important clues about how brown dwarfs form. Having simulated possible scenarios, the researchers compared them with data from the ALMA observatory. The large structures could be explained, for example, by collisions of collapsing clumps within a star-forming region. For this to occur, such collisions would have to happen at least once during the lifetime of star-forming cores. "We have shown through new numerical simulations that collisions trigger the collapse of even small clumps to form brown dwarfs. Spirals and streamers of various sizes and morphologies form due to the collisions happening sideways, not head-on," says co-author Dr. Dimitris Stamatellos from the University of Central Lancashire in England. If this model is correct, it implies a dynamic brown dwarf formation process, similar to Sun-like stars, where chaotic interactions in a star-forming environment are common from an early age.

In another scenario, the simulations showed that the observed structures correspond to the large (pseudo)-disk around a very young brown dwarf, where the (pseudo)-disk has been twisted by the rotation of the brown dwarf core in the presence of a strong magnetic field. If this model is correct, it means the magnetic field plays an important role in the brown dwarf formation process.

"Our ALMA observations provide a unique insight into the early formation stages of brown dwarfs," says Riaz. A comparison of the observations with the models supports a gravitational infall scenario which can explain the asymmetric mass accretion seen in the shape of spirals and streamers, as seen around forming stars. "Consequently, Ser-emb 16 constitutes a unique case of a brown dwarf caught in the process of forming in a star-like fashion," explains Professor Masahiro Machida from Kyushu University in Japan, also co-author of the study.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240405130438.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



CHEOPS detects a 'rainbow' on an exoplanet | ScienceDaily
The CHEOPS space telescope, whose scientific operations centre is based at the University of Geneva (UNIGE), is providing new information on the mysterious exoplanet WASP-76b. This ultra-hot giant is characterised by an asymmetry between the amount of light observed on its eastern terminator -- the fictitious line that separates its night side from its day side -- and that observed on its western terminator. This peculiarity is thought to be due to a ''glory'', a luminous phenomenon similar to a rainbow, which occurs if the light from the star -- the ''sun'' around which the exoplanet orbits -- is reflected by clouds made up of a perfectly uniform substance. If this hypothesis is confirmed, this would be the first detection of this phenomenon outside our solar system. This work, carried out in collaboration with the European Space Agency (ESA) and the University of Bern (UNIBE), is published in Astronomy & Astrophysics.


						
WASP-76b is an ultra-hot giant planet. Orbiting its host star twelve times closer than Mercury orbits our Sun, it receives more than 4,000 times the Sun's radiation on Earth. ''The exoplanet is 'inflated' by the intense radiation from its star. So, although it is 10% less massive than our cousin Jupiter, it is almost twice as big,'' explains Monika Lendl, assistant professor in the Department of Astronomy of the UNIGE Faculty of Science, and co-author of the study.

Since its discovery in 2013, WASP-76b has been the subject of intense scrutiny by astronomers. A strangely hellish picture has emerged. One side of the planet is always facing its star, reaching temperatures of 2,400 degrees Celsius. Elements that would form rocks on Earth melt and evaporate here, before condensing on the slightly cooler night side, creating clouds of iron that drip molten iron rain.

The crucial contribution of CHEOPS

One of the most disturbing observations for astronomers is the asymmetry between the planet's two terminators. The terminator is the imaginary line that separates the day and night sides of a planet. In the case of WASP-76b, the observations show an increase in the amount of light from the terminator to the east of the planet compared with the one to the west.

To solve this mystery, astronomers used no fewer than twenty-three observations with the CHEOPS space telescope, spread over three years. The ESA satellite, which is piloted by Switzerland and has its scientific operations centre at the UNIGE Department of Astronomy, observed numerous secondary eclipses of the planet (when it passes behind its star) and several phase curves (continuous observation during a complete revolution of the planet).

Combining these new data with those from other telescopes (TESS, Hubble and Spitzer), the astronomers were able to put forward a surprising hypothesis to explain the excess luminous flux on the eastern side of the planet: ''This unexpected glow could be caused by a strong, localised and anisotropic reflection -- i.e. one that depends on direction -- what we call a glory,'' explains Olivier Demangeon, researcher at the Instituto de Astrofisica e Ciencias do Espaco in Portugal and lead author of the study.




A first outside our solar system

Glories are common phenomena on Earth. They have also been observed on Venus. The effect, similar to a rainbow, occurs when light is reflected by clouds made up of perfectly uniform droplets. In the case of Earth, the droplets are made out of water, but the nature of these droplets on WASP-76b remains mysterious. It could be iron, as this has already been detected in the planet's extremely hot atmosphere. The detection of this phenomenon on WASP-76b is the first of its kind outside our solar system.

''The reason why no such glory has ever been observed outside our solar system is that this phenomenon requires very specific conditions. First of all, the atmospheric particles must be almost perfectly spherical, completely uniform and sufficiently stable to be observed throughout a long time. These droplets have to be directly illuminated by the planet's host star, and the observer -- in this case CHEOPS -- must be in the right position,'' explains Olivier Demangeon.

Results to be confirmed

Further data will be needed to confirm with certainty that this intriguing excess of light on the eastern terminator of WASP-76b is a glory. This confirmation would attest to the presence of clouds made up of perfectly spherical droplets that have existed for at least three years, or that are constantly renewing themselves. For such clouds to persist, the temperature of the atmosphere would also have to be stable over time -- a fascinating and detailed insight into what could be happening on WASP-76b.

Detecting such tiny phenomena at such a great distance will enable scientists and engineers to identify others that are just as crucial. For example, the reflection of starlight off liquid lakes and oceans -- a necessary condition for habitability.
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Stellar collisions produce strange, zombie-like survivors | ScienceDaily
Despite their ancient ages, some stars orbiting the Milky Way's central supermassive black hole appear deceptively youthful. But unlike humans, who might appear rejuvenated from a fresh round of collagen injections, these stars look young for a much darker reason.


						
They ate their neighbors.

This is just one of the more peculiar findings from new Northwestern University research. Using a new model, astrophysicists traced the violent journeys of 1,000 simulated stars orbiting our galaxy's central supermassive black hole, Sagittarius A* (Sgr A*).

So densely packed with stars, the region commonly experiences brutal stellar collisions. By simulating the effects of these intense collisions, the new work finds that collision survivors can lose mass to become stripped down, low-mass stars or can merge with other stars to become massive and rejuvenated in appearance.

"The region around the central black hole is dense with stars moving at extremely high speeds," said Northwestern's Sanaea C. Rose, who led the research. "It's a bit like running through an incredibly crowded subway station in New York City during rush hour. If you aren't colliding into other people, then you are passing very closely by them. For stars, these near collisions still cause them to interact gravitationally. We wanted to explore what these collisions and interactions mean for the stellar population and characterize their outcomes."

Rose will present this research at the American Physical Society's (APS) April meeting in Sacramento, California. "Stellar Collisions in the Galactic Center" will take place on Thursday (April 4) as part of the session "Particle Astrophysics and the Galactic Center."

Rose is the Lindheimer Postdoctoral Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). She began this work as a Ph.D. candidate at UCLA.




Destined to collide

The center of our Milky Way is a strange and wild place. The gravitational pull of Sgr A* accelerates stars to whip around their orbits at terrifying speeds. And the sheer number of stars packed into the galaxy's center is upwards of a million. The densely packed cluster plus the lightning-fast speeds equal a high-speed demolition derby. In the innermost region -- within 0.1 parsecs of the black hole -- few stars escape unscathed.

"The closest star to our sun is about four light-years away," Rose explained. "Within that same distance near the supermassive black hole, there are more than a million stars. It's an incredibly crowded neighborhood. On top of that, the supermassive black hole has a really strong gravitational pull. As they orbit the black hole, stars can move at thousands of kilometers per second."

Within this tight, hectic neighborhood, stars can collide with other stars. And the closer stars live to the supermassive black hole, the likelihood of collision increases. Curious of the outcomes of these collisions, Rose and her collaborators developed a simulation to trace the fates of stellar populations in the galactic center. The simulation takes several factors into account: density of the stellar cluster, mass of the stars, orbit speed, gravity and distances from the Sgr A*.

From 'violent high fives' to total mergers

In her research, Rose pinpointed one factor that is most likely to determine a star's fate: its distance from the supermassive black hole.




Within 0.01 parsecs from the black hole, stars -- moving at speeds reaching thousands of kilometers per second -- constantly bump into one another. It's rarely a head-on collision and more like a "violent high five," as Rose describes it. The impacts are not strong enough to smash the stars completely. Instead, they shed their outer layers and continue speeding along the collision course.

"They whack into each other and keep going," Rose said. "They just graze each other as though they are exchanging a very violent high five. This causes the stars to eject some material and lose their outer layers. Depending on how fast they are moving and how much they overlap when they collide, they might lose quite a bit of their outer layers. These destructive collisions result in a population of strange, stripped down, low-mass stars."

Outside of 0.01 parsecs, stars move at a more relaxed pace -- hundreds of kilometers per second as opposed to thousands. Because of the slower speeds, these stars collide with one another but then don't have enough energy to escape. Instead, they merge to become more massive. In some cases, they might even merge multiple times to become 10 times more massive than our sun.

"A few stars win the collision lottery," Rose said. "Through collisions and mergers, these stars collect more hydrogen. Although they were formed from an older population, they masquerade as rejuvenated, young-looking stars. They are like zombie stars; they eat their neighbors."

But the youthful appearance comes at the cost of a shorter life expectancy.

"They die very quickly," Rose said. "Massive stars are sort of like giant, gas-guzzling cars. They start with a lot of hydrogen, but they burn through it very, very fast."

Extreme environment 'unlike any other'

Although Rose finds simple joy in studying the bizarre, extreme region near our galactic center, her work also can reveal information about the history of the Milky Way. And because the central cluster is extremely difficult to observe, her team's simulations can illuminate otherwise hidden processes.

"It's an environment unlike any other," Rose said. "Stars, which are under the influence of a supermassive black hole in a very crowded region, are unlike anything we will ever see in our own solar neighborhood. But if we can learn about these stellar populations, then we might be able to learn something new about how the galactic center was assembled. At the very least, it certainly provides a point of contrast for the neighborhood where we live."

Rose's APS presentation will include research published by The Astrophysical Journal Letters in March 2024and by The Astrophysical Journal in September 2023.

This work was supported by the National Science Foundation (grant number AST 2206428) and NASA (grant number 80NSSC20K050) as well as by the Charles E. Young Fellowship, the Dissertation Year Fellowship at UCLA, the Thacher Fellowship, the Bhaumik Institute and the CIERA Lindheimer Fellowship.
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Finds at Schoningen show wood was crucial raw material 300,000 years ago | ScienceDaily
During archaeological excavations in the Schoningen open-cast coal mine in 1994, the discovery of the oldest, remarkably well-preserved hunting weapons known to humanity caused an international sensation. Spears and a double-pointed throwing stick were found lying between animal bones about ten meters below the surface in deposits at a former lakeshore. In the years that followed, extensive excavations have gradually yielded numerous wooden objects from a layer dating from the end of a warm interglacial period 300,000 years ago. The findings suggested a hunting ground on the lakeshore. An interdisciplinary research team from the Universities of Gottingen and Reading (UK), and the Lower Saxony State Office for Cultural Heritage (NLD) has now examined all the wood objects for the first time. State-of-the-art imaging techniques such as 3D microscopy and micro-CT scanners have produced surprising results. The research was published in PNAS.


						
This is the first time that researchers have been able to demonstrate new ways of handling and working the wood, such as the "splitting technique." Small pieces of split wood were sharpened, for example to use them in processing hunted animals. First author Dr Dirk Leder from NLD says: "There is evidence of much more extensive and varied processing of spruce and pine wood than previously thought. Selected logs were shaped into spears and throwing sticks and brought to the site, while broken tools were repaired and recycled on site." At least 20 spears and throwing sticks had been left behind on the former lakeshore. This doubles the number of known wooden weapons at the site. Dr Tim Koddenberg from the University of Gottingen explains: "The extraordinary state of preservation of the Schoningen wood has enabled us, for the first time, to document and identify the woodworking techniques in detail thanks to state-of-the-art microscopy methods."

The wide range of woodworking techniques used, as well as the various weapons and tools of early humans, show the outstanding importance of wood as a raw material, which is almost never preserved from this period. The Schoningen finds bear witness to extensive experience in woodworking, technical know-how and sophisticated work processes. Project leader Professor Thomas Terberger, who works at the NLD and the University of Gottingen, states: "Wood was a crucial raw material for human evolution, but it is only in Schoningen that it has survived from the Palaeolithic period in such quality." Schoningen is therefore part of the internationally outstanding cultural heritage of early humans. Only recently, the site was included in the nomination list for UNESCO World Heritage Site at the request of the state of Lower Saxony.

The study was funded by the German Research Foundation (DFG) and the Ministry of Science and Culture of Lower Saxony.
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Researchers envision sci-fi worlds involving changes to atmospheric water cycle | ScienceDaily
Human activity is changing the way water flows between the Earth and atmosphere in complex ways and with likely long-lasting consequences that are hard to picture.


						
Land use change is altering where clouds form and how precipitation is distributed. Meanwhile, weather modification activities like cloud seeding are shifting how nations plan for water use in the face of climate change. These and other changes to the planet's atmospheric water cycle were once hard to imagine but are increasingly part of modern water management on the planet.

Colorado State University Assistant Professor Patrick Keys is an expert in climate and societal change. He has been studying these types of issues for years and realized there was a potential gap when it came to understanding -- not only in the public but among the water research community -- the lasting implications of these changes.

To better grasp how those kinds of activities could shape the world, he enlisted water scientists from around the globe to write story-based scenarios about the possible futures humanity is facing but perhaps can't quite comprehend yet. The results were recently published in Global Sustainability as part of a creative pathway to understand atmospheric water research with an eye towards the potential economic and policy issues that may be just beyond the horizon.

The work features striking artist-made images that pair with traditional science fiction narratives as well as alternative story forms like first-person journal entries. Keys said the package offers a wide path -- grounded in science -- to build a shared understanding of future water management activities and problems.

"Stories are everywhere and are an integral part of human life," he said. "They tell you something different from a graph in a research paper. They allow you to explore how people may feel or react to these kinds of changes. This kind of work provides agency for people and an opportunity to consider these changes no matter their background or level of understanding."

Research for this work came in three distinct phases, according to Keys. First, he used computational text analysis to find recurring themes in journal abstracts about the current state of atmospheric water cycle research. He then sorted the data -- identifying clusters of recurring terms against a grid of common economic goods principles for discussion. The goal, he said, was to better describe the ways humans and institutions may interact with the atmospheric water cycle in the future. Specifically: how entities in the future, such as countries or private actors, could eventually act to protect their own resources or how they may leverage advantages to gain access to water as a crucial natural resource in the future.




It's those relationships and interactions, Keys wanted to explore in the third part of this research and where science fiction comes into play.

Science fiction and reality of atmospheric water resources beyond 2050 With a better grip on the potential future relationships of water management in this space, Keys next asked experts to imagine a world that is decades in the future where activities like cloud seeding were common and the long-term results are more apparent.

The result was an exercise in science fiction storytelling with the specific goal of probing reality and envisioning even the weirdest possible outcomes.

"I think we have a sense that some futures are more likely than others, but we need to realize that to adequately cover the possible trajectories our world could head toward, models alone may not cut it," he said. "Especially when we are talking about things that are hard to quantify, like culture or perception, that may wind up playing a large part in the actual outcomes."

To create the narratives Keys hosted a series of workshops with interdisciplinary water experts from all fields and backgrounds and walked them through a 'futures thinking' approach. The experts were not siloed by discipline and topic during the exercise, with the hope of sparking even more creativity. In the end, 10 story-based scenarios were developed and are included in the paper. Keys also worked with the artist Fabio Comin over the course of a year to create the accompanying imagery.

Keys is based in the Department of Atmospheric Science in the Walter Scott, Jr. College of Engineering. He had several partners in the paper including postdoctoral fellow Rekha Warrier from the Human Dimensions of Natural Resources Department at CSU. Other researchers came from the University of California, Davis, the University of California, Los Angeles, the Stockholm Resilience Centre, and the Potsdam Institute for Climate Impact Research.

Keys said he is now using similar approaches for another project with the Colorado Water Center. He added that one of his goals with both projects was to ignite conversations around the water cycle at what is becoming a key moment for action globally.

"These scenarios have an ability to raise interesting questions about policy, regulation and enforcement -- what those all may look like," he said. "This approach can also help us recognize some of the aspects we may not be paying attention to and make better sense of it all."
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