
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, May 23, 2024

      

      
        
          	
            Latest Science News
          
          	50
        

        
          	
            All Top News
          
          	39
        

        
          	
            Health News
          
          	50
        

        
          	
            Technology News
          
          	50
        

        
          	
            Environment News
          
          	50
        

        
          	
            Society News
          
          	18
        

        
          	
            Strange &amp; Offbeat News
          
          	21
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            All Top News
          
        

      

      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.


      
        Planet hunters unveil massive catalog of strange worlds
        While thousands of planets have been discovered around other stars, relatively little is known about them. A NASA catalog featuring 126 exotic, newly discovered worlds includes detailed measurements that allow for comparisons with our own solar system.

      

      
        Mental disorders may spread in young people's social networks
        A recently completed study demonstrates that mental disorders may be transmitted between individuals within social networks. The finding was the most evident in the case of mood, anxiety and eating disorders.

      

      
        The global clean water crisis looms large
        Water scarcity will intensify with climate and socioeconomic change, disproportionately impacting populations located in the Global South.

      

      
        Potentially habitable 'exo-Venus' with Earth-like temperature discovered
        Astronomers have made the rare and tantalizing discovery of an Earth-like exoplanet 40 light-years away that may be just a little warmer than our own world. The potentially-habitable planet, named Gliese 12 b, orbits its host star every 12.8 days, is comparable in size to Venus -- so slightly smaller than Earth -- and has an estimated surface temperature of 42 C (107 F), which is lower than most of the 5,000-odd exoplanets confirmed so far. That is assuming it has no atmosphere, however, which is...

      

      
        Foraging ants navigate more efficiently when given energy-drink-like doses of caffeine
        Ants who receive a caffeine-laced sugary reward become more efficient at navigating back to the reward's location compared to ants that only receive sugar. Caffeinated ants move toward the reward via a more direct path but do not increase their speed, suggesting that caffeine improved their ability to learn. The study was conducted on Argentine ants (Linepithema humile), a globally invasive species, and the researchers say that incorporating caffeine into ant baits could aid efforts to control th...

      

      
        Exploring diversity in cell division
        Animals and fungi predominantly use two different modes of cell division -- called open and closed mitosis, respectively. A new study has shown that different species of Ichthyosporea -- marine protists that are close relatives of both animals and fungi -- use either open and closed mitosis, closely correlated to whether the species has multinucleate life cycle stages. The study demonstrates the way animals do cell division might have evolved long before animals themselves did and how this is lin...

      

      
        Australian study proves 'humans are planet's most frightening predator'
        A new study demonstrates that kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator.

      

      
        Gentler cell therapies for blood cancer
        Researchers have developed an approach to 'deleting' a blood system affected by leukemia while simultaneously building up a new, healthy system with donor blood stem cells. The team reports on the promising results obtained in animal experiments and with human cells in the laboratory.

      

      
        Cement recycling method could help solve one of the world's biggest climate challenges
        Researchers have developed a method to produce very low emission concrete at scale -- an innovation that could be transformative in the transition to net zero. The method, which the researchers say is 'an absolute miracle', uses the electrically-powered arc furnaces used for steel recycling to simultaneously recycle cement, the carbon-hungry component of concrete.

      

      
        Using wobbling stellar material, astronomers measure the spin of a supermassive black hole for the first time
        Astronomers have a new way to measure how fast a black hole spins, by using the wobbly aftermath from its stellar feasting. The results offer a new way to probe supermassive black holes and their evolution across the universe.

      

      
        Adhesive coatings can prevent scarring around medical implants
        Engineers have found a way to eliminate the buildup of scar tissue around implantable devices, by coating them with a hydrogel adhesive. The material binds the device to tissue and prevents the immune system from attacking the device.

      

      
        The origin of the sun's magnetic field could lie close to its surface
        Surprise findings suggest sunspots and solar flares could be generated by a magnetic field within the Sun's outermost layers. If confirmed, the findings could help scientists better predict space weather.

      

      
        Promethium bound: Rare earth element's secrets exposed
        Scientists have uncovered the properties of a rare earth element that was first discovered 80 years ago at the very same laboratory, opening a new pathway for the exploration of elements critical in modern technology, from medicine to space travel.

      

      
        Under extreme impacts, metals get stronger when heated, study finds
        Scientists have discovered that when metal is struck by an object moving at a super high velocity, the heat makes the metal stronger. The finding could lead to new approaches to designing materials for extreme environments, such as shields that protect spacecraft or equipment for high-speed manufacturing.

      

      
        New AI accurately predicts fly behavior
        Researchers trained an AI model to accurately predict male fruit flies' courtship behavior in response to any sight of a female. This breakthrough offers new insight into how the brain processes visual data and may someday pave the way for artificial vision technology.

      

      
        Strings that can vibrate forever (kind of)
        Researchers have engineered string-like resonators capable of vibrating longer at ambient temperature than any previously known solid-state object -- approaching what is currently only achievable near absolute zero temperatures. Their study pushes the edge of nanotechnology and machine learning to make some of the world's most sensitive mechanical sensors.

      

      
        Smoke covered 70% of California during biggest wildfire years
        As much as 70 percent of California was covered by wildfire smoke during parts of 2020 and 2021, according to a new study.

      

      
        Ancient viral DNA in the human genome linked to major psychiatric disorders
        New research has found that thousands of DNA sequences originating from ancient viral infections are expressed in the brain, with some contributing to susceptibility for psychiatric disorders such as schizophrenia, bipolar disorder, and depression.

      

      
        'Fossilizing' cracks in infrastructure creates sealing that can even survive earthquakes
        In a new study, a team of researchers used research on fossilizing techniques to create a new method for sealing cracks and fractures in rocks and bedrock using a 'concretion-forming resin'. This innovative technique has applications in a wide range of industries, from tunnel construction to long-term underground storage of hazardous materials.

      

      
        Excavation reveals 'major' ancient migration to Timor Island
        The discovery of thousands of stone artefacts and animal bones in a deep cave in Timor Island has led archaeologists to reassess the route that early humans took to reach Australia. Researchers dated and analysed the artefacts and sediment at the Laili rock shelter in central-north Timor-Leste, north of Australia, to pinpoint the arrival of the colonists.

      

      
        Roots are a key to drought-tolerant maize
        Maize can grow successfully in very different local conditions. An international study has now demonstrated the important role of the plant root system. The researchers analyzed more than 9,000 varieties in the study and were able to show that their roots varied considerably -- depending on how dry the location is where each variety was cultivated. They were also able to identify an important gene that plays a role in the plant's ability to adapt. This gene could be the key to developing varietie...

      

      
        Signatures of heart attack
        Researchers have mapped the immune response in heart attacks and identified signatures that correlate with the clinical progression.

      

      
        Cuddled cows who work as therapy animals showed a strong preference for women compared to men, study finds
        A new study reveals that cows who are cuddled as therapy animals showed a strong preference for interactions with women when compared to men. In turn, the research, which opens a new era on whether some therapies may be initially stronger based upon gender and not procedure, highlighted that the women also reported greater attachment behaviors towards the steers.

      

      
        Flexible film senses nearby movements -- featured in blink-tracking glasses
        I'm not touching you! When another person's finger hovers over your skin, you may get the sense that they're touching you, feeling not necessarily contact, but their proximity. Similarly, researchers have designed a soft, flexible film that senses the presence of nearby objects without physically touching them. The study features the new sensor technology to detect eyelash proximity in blink-tracking glasses.

      

      
        Milk from before antibiotic era were resistant to antibiotic tetracycline
        The researchers started with 50 samples collected from 1941 to 1947, and they found that the samples contained seven different Streptococcus species, including two subspecies of S. dysgalactiae. Interestingly, the researchers found some of the samples were resistant to the antibiotic tetracycline and did not carry antibiotic resistance genes typically seen in today's antibiotic-resistant bacterial strains. Since these samples were collected prior to the antibiotic era, the results add to a growin...

      

      
        Naturally occurring substance in pomegranates can improve treatment of Alzheimer's disease
        A substance naturally occurring in i.a. pomegranates, strawberries and walnuts can improve memory and treatment of Alzheimer's disease, a new study concludes.

      

      
        New insights into the degradation dynamics of organic material in the seafloor
        Many processes in the deep sea are not yet well understood, and the role of microbial communities in particular is often a big unknown. This includes, for example, how organic material that sinks from the water surface to the ocean floor is metabolised -- an important building block for a better understanding of the global carbon cycle.

      

      
        Streamlined microcomb design provides control with the flip of a switch
        Researchers describe new microcomb lasers they have developed that overcome previous limitations and feature a simple design that could open the door to a broad range of uses.

      

      
        Ethylene from CO2: Building-kit catalyst
        Use of the greenhouse gas CO2 as a chemical raw material would not only reduce emissions, but also the consumption of fossil feedstocks. A novel metal-free organic framework could make it possible to electrocatalytically produce ethylene, a primary chemical raw material, from CO2. Nitrogen atoms with a particular electron configuration play a critical role for the catalyst.

      

      
        New tool may help prioritize high-risk infants for RSV immunization
        On the heels of a shortage of nirsevimab for infant respiratory syncytial virus (RSV) lower respiratory tract infection (LRTI) prevention, a new tool may help identify newborns at highest risk for developing serious RSV LRTI, according to new research.

      

      
        Study finds widespread 'cell cannibalism,' related phenomena across tree of life
        Researchers describe cell-in-cell phenomena in which one cell engulfs and sometimes consumes another. The study shows that cases of this behavior, including cell cannibalism, are widespread across the tree of life. The findings challenge the common perception that cell-in-cell events are largely restricted to cancer cells. Rather, these events appear to be common across diverse organisms, from single-celled amoebas to complex multicellular animals.

      

      
        Conservation of nature's strongholds needed to halt biodiversity loss
        To achieve global biodiversity targets, conservationists and governments must prioritize the establishment and effective management of large, interconnected protected areas with high ecological integrity, researchers argue in a new essay.

      

      
        Body lice may be bigger plague spreaders than previously thought
        A new laboratory study suggests that human body lice are more efficient at transmitting Yersinia pestis, the bacterium that causes plague, than previously thought, supporting the possibility that they may have contributed to past pandemics.

      

      
        Alaska's rusting waters: Pristine rivers and streams turning orange
        Dozens of Alaska's rivers and streams are turning orange. The staining could be the result of minerals exposed by thawing permafrost and climate change, finds a new study.

      

      
        New crystal production method could enhance quantum computers and electronics
        Scientists describe a new method to make very thin crystals of the element bismuth -- a process that may aid the manufacturing of cheap flexible electronics an everyday reality.

      

      
        Scientists create tailored drug for aggressive breast cancer
        Scientists have used breast cancer cells' weakness against themselves by linking a tumor-selective antibody with a cell-killing drug to destroy hard-to-treat tumors.

      

      
        Detecting odors on the edge: Researchers decipher how insects smell more with less
        While humans feature a sophisticated sense of smell, insects have a much more basic olfactory system. Yet they depend upon smell to survive. Scientists have figured out how fruit flies use a simple but efficient system to recognize odors, and the answer lies at the edges of their antennae.

      

      
        Recycling carbon dioxide into household chemicals
        Scientists report a family of tin-based catalysts that efficiently converts CO2 into ethanol, acetic acid and formic acid. These liquid hydrocarbons are among the most produced chemicals in the U.S and are found in many commercial products.

      

      
        Legacy of Indigenous stewardship of camas dates back more than 3,500 years
        A new study found evidence that Indigenous groups in the Pacific Northwest were intentionally harvesting edible camas bulbs at optimal stages of the plant's maturation as far back as 3,500 years ago.

      

      
        Drug-like inhibitor shows promise in preventing flu
        Currently available flu medications only target the virus after it has already established an infection, but what if a drug could prevent infection in the first place? Now, scientists have designed drug-like molecules to do just that, by thwarting the first stage of influenza infection.

      

      
        Cosmic rays illuminate the past
        Researchers have for the first time been able to pin down a prehistoric settlement of early farmers in northern Greece dating back more than 7,000 years to the year. For this they combined annual growth ring measurements on wooden building elements with the sudden spike of cosmogenic radiocarbon in 5259 BC. This provides a reliable chronological reference point for many other archaeological sites in Southeast Europe.

      

      
        PFAS exposure in men linked to the health of their offspring
        Researchers are reporting new findings that demonstrate a link between exposure to per- and polyfluorinated alkyl substances (PFAS) in males and health issues in their offspring.

      

      
        Ruptured Achilles tendon shows faster repair amid plasma irradiation treatment
        Researchers have been focusing on non-thermal atmospheric-pressure plasma as a treatment method that can shorten recovery times, such as for tendon repair. Using a helium plasma jet, they demonstrated that irradiation of ruptured Achilles tendons showed accelerated regeneration and increased strength at an earlier stage than if the injury site was not irradiated.

      

      
        Batteries: Modeling tomorrow's materials today
        Which factors determine how quickly a battery can be charged? Microstructural models have helped researchers discover and investigate new electrode materials. When sodium-nickel-manganese oxide is used as cathode material in sodium-ion batteries, simulations reveal modifications of the crystal structure during charging. These modifications lead to an elastic deformation, as a result of which capacity decreases.

      

      
        Complete Stellar Collapse: Unusual star system proves that stars can die quietly
        University of Copenhagen astrophysicists help explain a mysterious phenomenon, whereby stars suddenly vanish from the night sky. Their study of an unusual binary star system has resulted in convincing evidence that massive stars can completely collapse and become black holes without a supernova explosion.

      

      
        Regional differences in bird diversity in agroforestry systems
        The diversity and ecological functionality of bird communities in tropical agroforestry systems are shaped by the surrounding landscape, in particular the extent and composition of the forest.

      

      
        What pottery reveals about prehistoric Central European culinary traditions
        The analysis of fat traces in over one hundred pottery vessels reveals deep changes in food consumption and preparation by communities living in central Germany between the Early Neolithic and the Late Bronze Age, as well as in their relation with innovations in pottery styles and decorations. In a groundbreaking study, researchers identified a generalized inclusion of dairy products in prehistoric diets, a preference in consuming pork with the arrival of communities from the Eurasian Steppe, and...

      

      
        How plants 'mate' for life and repel other suitors
        Researchers have used a unique microscopic technique to examine the dynamics of pollen tubes in the Arabidopsis plant. They were able to observe the mechanism of one-to-one pollen tube guidance, a process that ensures successful pollination of plants. This process is influenced by multi-step repelling and attracting signals. The results are important for the cultivation of crops, especially under unfavorable environmental conditions.

      

      
        3D printing robot creates extreme shock-absorbing shape, with help of AI
        See how an autonomous robot created a shock-absorbing shape no human ever could -- and what it means for designing safer helmets, packaging, car bumpers, and more.

      

      
        How immune cells recognize the abnormal metabolism of cancer cells
        When cells become tumor cells, their metabolism changes fundamentally. Researchers have now demonstrated that this change leaves traces that could provide targets for cancer immunotherapies.
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Planet hunters unveil massive catalog of strange worlds | ScienceDaily
While thousands of planets have been discovered around other stars, relatively little is known about them. A NASA catalog featuring 126 exotic, newly discovered worlds includes detailed measurements that allow for comparisons with our own solar system.


						
The catalog details a fascinating mix of planet types beyond our solar system, from rare worlds with extreme environments to ones that could possibly support life.

The planets were analyzed by a large, international team of scientists using NASA's Transiting Exoplanet Survey Satellite (TESS) in collaboration with the W.M. Keck Observatory on Maunakea, Hawai'i. They are described in today's edition of The Astrophysical Journal Supplement.

"Relatively few of the previously known exoplanets have a measurement of both the mass and the radius. The combination of these measurements tell us what the planets could be made of and how they formed," said Stephen Kane, UC Riverside astrophysicist and principal investigator of the TESS-Keck Survey.

"With this information, we can begin to answer questions about where our solar system fits in to the grand tapestry of other planetary systems," Kane said.

The research team spent three years developing the catalog. They analyzed more than 13,000 radial velocity (RV) measurements to calculate the masses of 120 confirmed planets, plus six candidate planets, spread out over the northern sky.

Though the planets themselves aren't visible, they do have a visible effect. As they orbit, the planets tug on their host stars, causing them to "wobble." When the star moves toward a telescope, its visible light turns slightly bluer; when it moves away from us, the light shifts slightly redder.




This is much like how sound behaves. Due to the Doppler effect, a fire truck's siren gets higher-pitched as it travels closer and sounds lower-pitched as it drives farther away.

"These RV measurements let astronomers detect and learn the properties of these exoplanetary systems. When we see a star wobbling regularly back and forth, we can infer the presence of an orbiting planet and measure the planet's mass," said Ian Crossfield, University of Kansas astrophysicist and catalog co-author.

Several planets in the TESS-Keck Survey stand out as touchstones for deepening astronomers' understanding of the diverse ways planets form and evolve.

A related survey paper authored by UCR graduate student Michelle Hill announces the discovery of two new planets orbiting a star like our sun. The first is a "sub-Saturn" planet with a mass and radius that are between those of Neptune and Saturn.

"There is ongoing debate about whether sub-Saturn planets are truly rare, or if we are just bad at finding planets like these," Hill said. "So, this planet, TOI-1386 b, is an important addition to this demographic of planets."

TOI-1386 b only takes 26 days to orbit its star. Meanwhile its neighbor, a planet with a mass close to that of Saturn, takes 227-days to orbit the same star.




Another survey paper authored by UCR graduate student Daria Pidhorodetska describes a planet about half the size of Neptune that takes a mere 19 days to orbit its star, which is much like our Sun.

"Planets smaller than Neptune but larger than Earth are the most prevalent worlds in our galaxy, yet they are absent from our own Solar System. Each time a new one is discovered, we are reminded of how diverse our Universe is, and that our existence in the cosmos may be more unique than we can understand," Pidhorodetska said.

There are a lot of stars that are not similar to our sun. If scientists want to make apt comparisons between our world and others, they need to find stars of a similar age, size, and mass. "Then we can do apples-to-apples comparisons," Kane said. "That's the exciting part of the papers produced by Michelle and Daria, because they allow for this."

Planets with even more extreme, ultra-short orbits around stars unlike our sun are also detailed in the catalog. One is so close to its orange dwarf star it completes orbit in less than 12 hours.

"TOI-1798 c orbits its star so quickly that one year on this planet lasts less than half a day on Earth. Because of their proximity to their host stars, planets like this one are also ultra hot -- receiving more than 3,000 times the radiation that Earth receives from the sun," said Alex Polanski, University of Kansas physics and astronomy graduate student and lead author of the catalog paper.

"Existing in this extreme environment means that this planet has likely lost any atmosphere that it initially formed," Polanski said.

Ultimately, this new catalog represents a major contribution both to NASA's TESS mission, and toward answering the question of whether other planets are capable of hosting life as we know it.

"Are we unusual? The jury is still out on that one, but our new mass catalog represents a major step toward answering that question," Kane said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240523112632.htm
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Mental disorders may spread in young people's social networks | ScienceDaily
Using population-wide registry data, researchers from the University of Helsinki, the Finnish Institute for Health and Welfare, the University of Jyvaskyla and the University of Manchester investigated whether mental disorders can be transmitted within social networks formed by school classes.


						
The study is the largest and most comprehensive so far on the spread of mental disorders in social networks, with more than 700,000 ninth-grade pupils from 860 Finnish schools participating. The adolescents were followed from the end of ninth grade for a median of 11 years.

The researchers demonstrated that the number of classmates diagnosed with a mental disorder was associated with a higher risk of receiving a mental disorder diagnosis later in life.

"The observed link was the strongest during the first year of follow-up in the study. This was not explained by a number of factors related to parents, school and residential area. The link was most pronounced in the case of mood, anxiety and eating disorders," says Associate Professor Christian Hakulinen of the University of Helsinki.

Research enabled by comprehensive Finnish registers

According to Hakulinen, prior studies have yielded similar results: for example, American researchers have observed indications of depressive symptoms potentially being transmitted from one individual to another in social networks.

In prior research, however, social networks have typically been chosen independently by the research subjects, which may result in bias in the data. Hakulinen points out that school classes are social networks well suited to research, as people are usually not able to choose their classmates.




"Defining the social networks and following adolescents were made possible by extensive Finnish registers. The findings significantly deepen our understanding of how mental health problems develop and affect other people in our social networks," he says.

Hakulinen nevertheless notes that the connection observed in the study is not necessarily causal. Furthermore, the study did not investigate how mental disorders can potentially be transmitted between individuals.

"It may be possible, for instance, that the threshold for seeking help for mental health issues is lowered when there are one or more people in your social network who have already sought help for their problems. In fact, this kind of normalisation of diagnosis and treatment can be considered beneficial contagion of mental disorders," Hakulinen says.

More preventive measures?

Mental disorders are a significant global challenge, adversely affecting individuals, society and the economy. According to Hakulinen, anxiety and mood symptoms in particular have in recent years increased among young people.

Previous studies have shown that, in roughly half of all cases, the onset of mental disorders in adulthood occurs when people are under 18. In fact, Hakulinen emphasises the importance of preventive measures and early intervention.

"When taking preventive measures, it's worthwhile considering that mental disorders can spread from one adolescent to another," Hakulinen says.

The study involved a total of 713,809 Finnish citizens born between 1985 and 1997. The adolescents were investigated from the end of comprehensive school until they received their first mental disorder diagnosis, relocated from the country or died. At the latest, the follow-up was discontinued at the end of 2019, resulting in a median follow-up period of 11.4 years. 

The study received funding from the European Research Council (ERC) and the Research Council of Finland.
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The global clean water crisis looms large | ScienceDaily
Water scarcity will intensify with climate and socioeconomic change, disproportionately impacting populations located in the Global South. So concludes a new Utrecht University article published in Nature Climate Change on 23 May 2024, which used a state-of-the-art global water quantity and quality model to estimate clean water scarcity until the end of the century.


						
Humans require clean water for drinking and sanitation purposes, but also for the production of food, energy and manufactured goods. As communities and policymakers grapple with water scarcity issues on the ground, researchers at Utrecht University aim to shed light on the escalating global clean water crisis.

Current and future water scarcity

Using simulations from a state-of-the-art water quantity and quality model, the authors assess present-day and future global water scarcity. "Climate change and socioeconomic developments have multi-faceted impacts on the availability and quality of, and demands for, water resources in the future," says lead author Dr. Edward Jones. "Changes in these three aspects are crucial for evaluating future water scarcity."

The study estimates that 55% of the global population currently lives in areas that experience a lack of clean water in at least one month per year. "By the end of the century, this may be as high as 66%," remarks Jones.

Strong regional differences in future water scarcity

While global water scarcity is projected to intensify in the future, both the changes and impacts will not occur equally across all world regions. Future increases in water scarcity in Western Europe and North America, for example, are concentrated in just a few months of the year -- predominantly driven by water quantity aspects. Conversely, water scarcity increases in developing countries are typically more widespread in space and persist for a larger portion of the year.




Jones remarks, "Increases in future exposure are largest in the Global South. These are typically driven by a combination of rapid population and economic growth, climate change and deteriorating water quality."

Quality: the invisible part of water scarcity

Water quality -- despite being crucial for safe water use -- remains an under-represented component of water scarcity assessments. "Previous assessments still predominantly focus on water quantity aspects only," explains Jones. "Yet, the safe use of water also depends on the quality."

Therefore, a key aim of this study was also to normalise the inclusion of water quality in water scarcity assessments -- and in the design of management strategies for alleviating water scarcity.

Jones concludes, "The lack of clean water presents a systemic risk to both humans and ecosystems, which is becoming increasingly difficult to ignore. Our work highlights that, alongside substantially reducing our water demands, we must place an equally strong focus on eliminating water pollution in order to turn the tide on the global water crisis."
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Potentially habitable 'exo-Venus' with Earth-like temperature discovered | ScienceDaily
Astronomers have made the rare and tantalising discovery of an Earth-like exoplanet 40 light-years away that may be just a little warmer than our own world.


						
The potentially-habitable planet, named Gliese 12 b, orbits its host star every 12.8 days, is comparable in size to Venus -- so slightly smaller than Earth -- and has an estimated surface temperature of 42degC (107degF), which is lower than most of the 5,000-odd exoplanets confirmed so far.

That is assuming it has no atmosphere, however, which is the crucial next step to establishing if it is habitable.

It may have an Earth-like atmosphere, one more akin to Venus -- which experienced a runaway greenhouse effect that made it a 400degC (752degF) hellhole -- no atmosphere, or perhaps a different kind of atmosphere not found in our solar system.

Getting an answer is vital because it would reveal if Gliese 12 b can maintain temperatures suitable for liquid water -- and possibly life -- to exist on its surface, while also unlocking answers about how and why Earth and Venus evolved so differently.

Gliese 12 b is by no means the first Earth-like exoplanet to have been discovered, but as NASA has said, there are only a handful of worlds like it that warrant a closer look.

It has been billed as "the nearest, transiting, temperate, Earth-size world located to date" and a potential target for further investigation by the US space agency's PS7.5billion James Webb Space Telescope.




The closest Earth-like exoplanet to us -- and possibly the most famous -- is Proxima Centauri b, which is only 4 light-years away. However, because it is not a transiting world we still have a lot to learn about it, including whether it has an atmosphere and the potential to harbour life.

Most exoplanets are discovered using the transit method, where a planet passes in front of its star from our point of view, causing a dip in the host star's brightness.

During a transit, the star's light also passes through an exoplanet's atmosphere and some wavelengths get absorbed. Different gas molecules absorb different colours, so the transit provides a set of chemical fingerprints that can be detected by telescopes like Webb.

Gliese 12 b could also be significant because it may help reveal whether the majority of stars in our Milky Way galaxy -- i.e. cool stars -- are capable of hosting temperate planets that have atmospheres and are therefore habitable.

The discovery of the 'exo-Venus', by two international teams of astronomers, has been published today in the Monthly Notices of the Royal Astronomical Society.

It orbits a cool red dwarf star called Gliese 12, which is almost 40 light-years away from Earth in the constellation Pisces.




"Gliese 12 b represents one of the best targets to study whether Earth-size planets orbiting cool stars can retain their atmospheres, a crucial step to advance our understanding of habitability on planets across our galaxy," said Shishir Dholakia, a doctoral student at the Centre for Astrophysics at the University of Southern Queensland in Australia.

He co-led a research team with Larissa Palethorpe, a doctoral student at the University of Edinburgh and University College London.

The exoplanet's host star is about 27 per cent of the size of our Sun and has a surface temperature that is around 60 per cent of our own star.

However, the distance separating Gliese 12 and the new planet is just 7 per cent of the distance between Earth and the Sun. Gliese 12 b therefore receives 1.6 times more energy from its star as Earth does from the Sun and about 85 per cent of what Venus experiences.

This difference in solar radiation is important because it means the planet's surface temperature is highly dependent on its atmospheric conditions. As a comparison to Gliese 12 b's estimated surface temperature of 42degC (107degF), Earth has an average surface temperature of 15degC (59degF).

"Atmospheres trap heat and -- depending on the type -- can change the actual surface temperature substantially," Dholakia explained. "We are quoting the planet's 'equilibrium temperature', which is the temperature the planet would be if it had no atmosphere.

"Much of the scientific value of this planet is to understand what kind of atmosphere it could have. Since Gliese 12 b gets in between the amount of light as Earth and Venus get from the Sun, it will be valuable for bridging the gap between these two planets in our solar system."

Palethorpe added: "It is thought that Earth's and Venus's first atmospheres were stripped away and then replenished by volcanic outgassing and bombardments from residual material in the solar system.

"The Earth is habitable, but Venus is not due to its complete loss of water. Because Gliese 12 b is between Earth and Venus in temperature, its atmosphere could teach us a lot about the habitability pathways planets take as they develop."

The researchers, along with another team in Tokyo, used observations by NASA's TESS (Transiting Exoplanet Survey Satellite) to help make their discovery.

"We've found the nearest, transiting, temperate, Earth-size world located to date," said Masayuki Kuzuhara, a project assistant professor at the Astrobiology Center in Tokyo, who co-led a research team with Akihiko Fukui, a project assistant professor at the University of Tokyo.

"Although we don't yet know whether it possesses an atmosphere, we've been thinking of it as an exo-Venus, with similar size and energy received from its star as our planetary neighbour in the solar system."

An important factor in retaining an atmosphere is the storminess of its star. Red dwarfs tend to be magnetically active, resulting in frequent, powerful X-ray flares.

However, analyses by both teams conclude that Gliese 12 shows no signs of such extreme behaviour, raising hopes that Gliese 12 b's atmosphere may still be intact.

"We know of only a handful of temperate planets similar to Earth that are both close enough to us and meet other criteria needed for this kind of study, called transmission spectroscopy, using current facilities," said Michael McElwain, a research astrophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and a co-author of the Kuzuhara and Fukui paper.

"To better understand the diversity of atmospheres and evolutionary outcomes for these planets, we need more examples like Gliese 12 b."

At 40 light-years from Earth, Gliese 12 b is about the same distance as the TRAPPIST-1 system.

This is made up of seven planets, all roughly in Earth's size range and likely rocky, orbiting a red dwarf star.

Three of these are in the habitable zone but at least two -- and probably all of them -- have no atmosphere and are likely barren, dismissing hopes when they were first discovered eight years ago that they could be water worlds hosting life.
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Foraging ants navigate more efficiently when given energy-drink-like doses of caffeine | ScienceDaily
Ants who receive a caffeine-laced sugary reward become more efficient at navigating back to the reward's location compared to ants that only receive sugar. Researchers report on May 23 in the journal iScience that caffeinated ants move toward the reward via a more direct path but do not increase their speed, suggesting that caffeine improved their ability to learn. The study was conducted on Argentine ants (Linepithema humile), a globally invasive species, and the researchers say that incorporating caffeine into ant baits could aid efforts to control the ants by improving bait uptake.


						
"The idea with this project was to find some cognitive way of getting the ants to consume more of the poisonous baits we put in the field," says the first author and doctoral researcher Henrique Galante, a computational biologist at the University of Regensburg. "We found that intermediate doses of caffeine actually boost learning -- when you give them a bit of caffeine, it pushes them into having straighter paths and being able to reach the reward faster."

Argentine ants are one of the most ecologically harLmful and costly invasive species worldwide. Control efforts, which focus on using poisonous baits, have proven ineffective, likely due to low bait uptake and bait abandonment. The researchers wanted to test whether using caffeine, which has been shown to improve learning in honeybees and bumblebees, might improve the ants' ability to learn the bait location and guide their nestmates back there.

"We're trying to make them better at finding these baits, because the faster they go and come back to them, the more pheromone trails they lay, the more ants will come, and, therefore, the faster they will spread the poison in the colony before they realize it's poison," says Galante.

In the lab, the researchers tested whether different concentrations of caffeine would impact the ants' ability to locate and relocate a sugary reward. The ants walked down a Lego drawbridge onto a testing platform -- an A4 sheet of paper overlaying an acrylic surface -- on which the researchers had placed a drop of sucrose solution laced with 0, 25 ppm, 250 ppm, or 2,000 ppm of caffeine.

"The lowest dose we used is what you find in natural plants, the intermediate dose is similar to what you would find in some energy drinks, and the highest amount is set to be the LD50 of bees -- where half the bees fed this dose die -- so it's likely to be quite toxic for them," says Galante.

The researchers used an automated tracking system to monitor how fast the ants traveled to and from the reward and the directness of their route. Overall, they tested 142 ants, and each ant was tested four times. The ants were given the opportunity to offload the food they had collected in between trials, and researchers also removed and replaced the piece of paper so that the ants would not be able to follow their own pheromone trail back to the reward location.




Without caffeine, the ants did not learn to navigate to the reward location more quickly on subsequent foraging trips, suggesting that they had not successfully committed its location to memory. However, ants whose sugary reward contained low or intermediate doses of caffeine became more efficient at relocating the reward. Foraging time dropped by 28% per visit for ants that received 25 ppm of caffeine and by 38% per visit for ants that received 250 ppm of caffeine, meaning that if an ant took 300 s in its first visit, by the final trial, it would be expected to take 113 s at the low caffeine dose and 54 s at the intermediate dose. This effect was not seen at the highest caffeine dose.

The researchers showed that caffeine lowered the ants' foraging times by making them more efficient, not by making them speedier. There was no effect of caffeine on the ants' pace at any dosage, but ants that received low to intermediate doses of caffeine trips traveled by less tortuous paths.

"What we see is that they're not moving faster, they're just being more focused on where they're going," says Galante. "This suggests that they know where they want to go, therefore, they have learned the locations of the reward."

Caffeine had no impact on the ants' homing ability (how efficiently they traveled back to the nest), though their paths home became less winding with each trip regardless of caffeine.

The researchers are optimistic that caffeine could help efforts to control Argentine ants, but further research is needed first. They're currently testing caffeine-laced baits in a more naturalistic field setting in Spain and also plan to investigate whether there is any interaction between caffeine and the bait poison.

This research was supported by the European Research Council, the Deutsche Forschungsgemeinschaft, and the University of Regensburg
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Exploring diversity in cell division | ScienceDaily
Cell division is one of the most fundamental processes of life. From bacteria to blue whales, every living being on Earth relies on cell division for growth, reproduction, and species survival. Yet, there is remarkable diversity in the way different organisms carry out this universal process. A new study from EMBL Heidelberg's Dey group and their collaborators, recently published in Nature, explores how different modes of cell division evolved in close relatives of fungi and animals, demonstrating, for the first time, the link between an organism's life cycle and the way their cells divide.


						
Despite last sharing a common ancestor over a billion years ago, animals and fungi are similar in many ways. Both belong to a broader group called 'eukaryotes' -- organisms whose cells store their genetic material inside a closed compartment called the 'nucleus'. The two differ, however, in how they carry out many physiological processes, including the most common type of cell division -- mitosis.

Most animal cells undergo 'open' mitosis, in which the nuclear envelope -- the two-layered membrane separating the nucleus from the rest of the cell -- breaks down when cell division begins. However, most fungi use a different form of cell division -- called 'closed' mitosis -- in which the nuclear envelope remains intact throughout the division process. However, very little is known about why or how these two distinct modes of cell division evolved and what factors determine which mode would be predominantly followed by a particular species.

This question captured the attention of scientists in the Dey Group at EMBL Heidelberg, who investigate the evolutionary origins of the nucleus and cell division. "By studying diversity across organisms and reconstructing how things evolved, we can begin to ask if there are universal rules that underlie how such fundamental biological processes work," said Gautam Dey, Group Leader at EMBL Heidelberg.

In 2020, during the COVID-19 lockdown, an unexpected path to answering this question grew out of discussions between Dey's group and Omaya Dudin's team at the Swiss Federal Institute of Technology (EPFL), Lausanne. Dudin is an expert in an unusual group of marine protists -- Ichthyosporea. Ichthyosporea are closely related to both fungi and animals, with different species lying closer to one or the other group on the evolutionary family tree.

The Dey and Dudin groups, in collaboration with Yannick Schwab's group at EMBL Heidelberg, decided to probe the origins of open and closed mitosis using Ichthyosporea as a model. Interestingly, the researchers found that certain species of Ichthyosporea undergo closed mitosis while others undergo open mitosis. Therefore, by comparing and contrasting their biology, they could obtain insights into how organisms adapt to and use these two cell division modes.

Hiral Shah, an EIPOD fellow working across the three groups, led the study. "Having recognised very early that Ichthyosporea, with their many nuclei and key evolutionary position between animal and fungi, were well-suited for addressing this question, it was clear that this would require bringing together the cell biological and technical expertise of the Dey, Dudin, and Schwab groups, and this is exactly what the EIPOD fellowship allowed me to do," said Shah.




Upon closely probing the mechanisms of cell division in two species of Ichthyosporeans, the researchers found that one species, S. arctica, favours closed mitosis, similar to fungi. S. arctica also has a life cycle with a multinucleate stage, where many nuclei exist within the same cell -- another feature shared with many fungal species as well as the embryonic stages of certain animals, such as fruit flies. Another species, C. perkinsii, turned out to be much more animal-like, relying on open mitosis. Its life cycle involves primarily mononucleate stages, where each cell has a single nucleus.

"Our findings led to the key inference that the way animal cells do mitosis evolved hundreds of millions of years before animals did. The work therefore has direct implications for our general understanding of how eukaryotic cell division mechanisms evolve and diversify in the context of diverse life cycles, and provides a key piece of the animal origins puzzle," said Dey.

The study combined expertise in comparative phylogenetics, electron microscopy (from the Schwab Group and the electron microscopy core facility (EMCF) at EMBL Heidelberg), and ultrastructure expansion microscopy, a technique that involves embedding biological samples in a transparent gel and physically expanding it. Additionally, Eelco Tromer, from the University of Groningen in the Netherlands, and Iva Tolic, from the Ru?er Boskovi? Institute in Zagreb, Croatia, provided expertise in comparative genomics and mitotic spindle geometry and biophysics, respectively.

"The first time we saw an expanded S. arctica nucleus, we knew this technique would change the way we study the cell biology of non-model organisms," said Shah, who brought back the expansion microscopy technique to EMBL Heidelberg after a stint at the Dudin lab. Dey agrees: "A key breakthrough in this study came with our application of ultrastructure expansion microscopy (U-ExM) to the analysis of the ichthyosporean cytoskeleton. Without U-ExM, immunofluorescence and most dye labelling protocols do not work in this understudied group of marine holozoans."

This study also demonstrates the importance of going beyond traditional model organism research when trying to answer broad biological questions, and the potential insights further research on Ichthyosporean systems might reveal. "Ichthyosporean development displays remarkable diversity," said Dudin. "On one hand, several species exhibit developmental patterns similar to those of early insect embryos, featuring multinucleated stages and synchronised cellularisation. On the other hand, C. perkinsii undergoes cleavage division, symmetry breaking, and forms multicellular colonies with distinct cell types, similar to the 'canonical view' of early animal embryos. This diversity not only helps in understanding the path to animals but also offers a fascinating opportunity for comparative embryology outside of animals, which is, in itself, very exciting."

The project's inherent interdisciplinarity served not only as a good testbed for this type of collaborative research but also for the unique postdoctoral training afforded at EMBL. "Hiral's project nicely illustrates the virtue of the EIPOD programme: a truly interdisciplinary project, bundling innovative biology with advanced methods, all contributing to a truly spectacular personal development," said Schwab. "We (as mentors) witnessed the birth of a strong scientist, and this is really rewarding!"

The Dey, Dudin, and Schwab groups are currently also collaborating on the PlanExM project, part of the TREC expedition -- an EMBL-led initiative to explore and sample the biodiversity along European coasts. PlanExM aims to apply expansion microscopy to study the ultrastructural diversity of marine protists directly in environmental samples. "The project grew out of the realisation that U-ExM is going to be a game-changer for protistology and marine microbiology," said Dey. With this project, as well as others currently underway, the research team hopes to shed further light on the diversity of life on Earth and the evolution of the fundamental biological processes.
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Australian study proves 'humans are planet's most frightening predator' | ScienceDaily
Australia lacks fearsome large carnivores like lions and wolves, and the relative lack of fear that marsupials like kangaroos and wallabies show to dogs (and other introduced carnivores) has been attributed to a lack of evolutionary experience with large mammalian predators. This, however, overlooks the 50,000-year-long presence in Australia of the world's most fearsome predator -- the human 'super predator.'


						
A new study conducted by Western University biology professor Liana Zanette, in collaboration with Calum Cunningham and Chris Johnson from the University of Tasmania, demonstrates kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator. Findings of the study, were published May 21 in the journal Proceedings of the Royal Society B.

These results greatly strengthen findings from similar studies by Zanette and her collaborators, and others, conducted in North America, Europe, Africa and Asia, which show wildlife worldwide fear the human 'super predator' far more than lions, leopards, cougars, bears, wolves or dogs.

For this new study, Zanette and her colleagues worked in the eucalypt forest in Tasmania and experimentally demonstrated that kangaroos, wallabies and other marsupials were 2.4 times more likely to flee in response to hearing human voices compared to hearing dogs, Tasmanian devils or wolves. Every species in the marsupial community, moreover, demonstrated the same pattern, being roughly twice as likely to flee from humans as the next most frightening predator, which in each case was dogs, and all were most vigilant to humans.

"These results greatly expand the growing experimental evidence that wildlife worldwide perceive humans as the planet's most frightening predator," said Zanette, a renowned wildlife ecologist. "The very substantial fear of humans demonstrated here, and in comparable recent experiments, can be expected to have dramatic ecological consequences, because other new research has established that fear itself can reduce wildlife numbers, and fear of humans can cause cascading impacts on multiple species throughout entire landscapes."

To conduct their experiment, the team deployed hidden automated camera-speaker systems that, when triggered by an animal passing within a short distance (approximately 10 meters, or 30 feet), filmed the response to humans speaking calmly, dogs barking, Tasmanian devils snarling, wolves howling or non-threatening controls, such as sheep bleating.

"Global surveys show humans kill prey at much higher rates than other predators, making humans a 'super predator,' and the profound fear of humans being revealed in wildlife everywhere is wholly consistent with humanity's unique lethality," said Zanette. "Humans are 'the invisible killer' insofar as we do not often think of ourselves as a major predator, let alone the most dangerous, but wildlife clearly think differently -- and recognize us for what we are."
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Gentler cell therapies for blood cancer | ScienceDaily
Researchers have developed an approach to "deleting" a blood system affected by leukemia while simultaneously building up a new, healthy system with donor blood stem cells. Writing in the journal Nature, the team reports on the promising results obtained in animal experiments and with human cells in the laboratory.


						
In aggressive cases of leukemia, the only chance for a cure is to replace the diseased blood system with a healthy one. Although the transplantation of donor blood stem cells is a well-established form of treatment, it is an onerous process for patients. First, chemotherapy is used to remove the body's own blood stem cells as well as most of the blood cells. Only then do the attending physicians intravenously administer the stem cells from a suitable donor to the patient. This procedure is associated with side effects and potential complications.

The team led by Professor Lukas Jeker from the Department of Biomedicine at the University of Basel has taken a different approach. Writing in the journal Nature, the team describes how all blood cells can be removed from a leukemia sufferer in a targeted manner while a new blood system is built up at the same time. The results represent the successful completion of a project funded by the European Research Council with a Consolidator Grant of EUR 2.4 million.

Mixing console for blood systems

The system established by the researchers in Jeker's team can be imagined as a mixing console, where a DJ gradually fades down the level of the first song while raising the volume of the second until the first track dies away completely and only the second is audible.

The fading-down process works as follows: Specific antibodies coupled to a cytotoxic drug recognize all blood cells in the patient's body based on a surface structure. This marker is common to all the different types of blood cell (both healthy and diseased) but does not appear on other cells of the body. Bit by bit, the antibody-drug conjugate therefore recognizes and destroys all cells of the diseased blood system.

While this is taking place, the second song also starts -- that is, the patient receives a transplant of new, healthy blood cells from a suitable donor. To prevent the antibody-drug conjugates from also attacking the new blood stem cells, or the blood cells they produce, the researchers use genetic engineering techniques to modify the donor stem cells in a targeted manner. Specifically, they introduce a small change in the surface molecule so that the antibodies don't recognize the new blood cells. The researchers refer to this targeted modification of the donor stem cells as "shielding," because it acts like a protective shield against the cancer treatment.




Elaborate search for suitable regulators

The two first authors of the study, Simon Garaude and Dr. Romina Matter-Marone, worked with an interdisciplinary team of bioinformaticians, biochemists, genetic engineering specialists, and clinicians from academia and industry to select the best-suited target structure -- and the best protective modification for the fading-down process -- from the multitude of surface molecules on blood cells. The chosen molecule, known as CD45, proved extremely promising in trials on mice and human cells in the laboratory.

"We needed a surface molecule that appeared with approximately the same frequency on all blood cells if possible, including the leukemia cells, but that wasn't present on other cells in the body," explains Jeker. CD45 met this requirement and, at the same time, was also suitable for "shielding" -- in other words, it could be modified on the donor blood stem cells in such a way that these cells were protected from the cancer treatment but the function of CD45 remained completely normal.

Applications beyond cancer

"The new approach could pave the way for new treatment options for patients whose state of health is incompatible with the chemotherapy needed for stem cell transplantation," says joint first author Romina Matter-Marone. Although further tests and optimization are needed, the aim is for initial clinical trials to begin in just a few years' time.

The "mixing console for blood systems" also opens up further possibilities, as joint first author Simon Garaude explains: "We show how cells that are 'invisible' to a blood cell remover can be used to swap out the entire blood system." This, he says, is an important step toward a programmable blood system that could also assume functions on demand -- for example, to correct a serious genetic defect or to impart resistance to specific viruses such as HIV.
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Cement recycling method could help solve one of the world's biggest climate challenges | ScienceDaily
Researchers from the University of Cambridge have developed a method to produce very low emission concrete at scale -- an innovation that could be transformative in the transition to net zero.


						
The method, which the researchers say is "an absolute miracle," uses the electrically-powered arc furnaces used for steel recycling to simultaneously recycle cement, the carbon-hungry component of concrete.

Concrete is the second-most-used material on the planet, after water, and is responsible for approximately 7.5% of total anthropogenic CO2 emissions. A scalable, cost-effective way of reducing concrete emissions while meeting global demand is one of the world's biggest decarbonisation challenges.

The Cambridge researchers found that used cement is an effective substitute for lime flux, which is used in steel recycling to remove impurities and normally ends up as a waste product known as slag. But by replacing lime with used cement, the end product is recycled cement that can be used to make new concrete.

The cement recycling method developed by the Cambridge researchers, reported in the journal Nature, does not add any significant costs to concrete or steel production and significantly reduces emissions from both concrete and steel, due to the reduced need for lime flux.

Recent tests carried out by the Materials Processing Institute, a partner in the project, showed that recycled cement can be produced at scale in an electric arc furnace (EAF), the first time this has been achieved. Eventually, this method could produce zero emission cement, if the EAF was powered by renewable energy.

"We held a series of workshops with members of the construction industry on how we could reduce emissions from the sector," said Professor Julian Allwood from Cambridge's Department of Engineering, who led the research. "Lots of great ideas came out of those discussions, but one thing they couldn't or wouldn't consider was a world without cement."

Concrete is made from sand, gravel, water, and cement, which serves as a binder. Although it's a small proportion of concrete, cement is responsible for almost 90% of concrete emissions. Cement is made through a process called clinkering, where limestone and other raw materials are crushed and heated to about 1,450degC in large kilns. This process converts the materials into cement, but releases large amounts of CO2 as limestone decarbonates into lime.




Over the past decade, scientists have been investigating substitutes for cement, and have found that roughly half of the cement in concrete can be replaced with alternative materials, such as fly ash, but these alternatives need to be chemically activated by the remaining cement in order to harden.

"It's also a question of volume -- we don't physically have enough of these alternatives to keep up with global cement demand, which is roughly four billion tonnes per year," said Allwood. "We've already identified the low hanging fruit that helps us use less cement by careful mixing and blending, but to get all the way to zero emissions, we need to start thinking outside the box."

"I had a vague idea from previous work that if it were possible to crush old concrete, taking out the sand and stones, heating the cement would remove the water, and then it would form clinker again," said first author Dr Cyrille Dunant, also from the Department of Engineering. "A bath of liquid metal would help this chemical reaction along, and an electric arc furnace, used to recycle steel, felt like a strong possibility. We had to try."

The clinkering process requires heat and the right combination of oxides, all of which are in used cement, but need to be reactivated. The researchers tested a range of slags, made from demolition waste and added lime, alumina and silica. The slags were processed in the Materials Processing Institute's EAF with molten steel and rapidly cooled.

"We found the combination of cement clinker and iron oxide is an excellent steelmaking slag because it foams and it flows well," said Dunant. "And if you get the balance right and cool the slag quickly enough, you end up with reactivated cement, without adding any cost to the steelmaking process."

The cement made through this recycling process contains higher levels of iron oxide than conventional cement, but the researchers say this has little effect on performance.




The Cambridge Electric Cement process has been scaling rapidly, and the researchers say they could be producing one billion tonnes per year by 2050, which represents roughly a quarter of current annual cement production.

"Producing zero emissions cement is an absolute miracle, but we've also got to reduce the amount of cement and concrete we use," said Allwood. "Concrete is cheap, strong and can be made almost anywhere, but we just use far too much of it. We could dramatically reduce the amount of concrete we use without any reduction in safety, but there needs to be political will to make that happen.

"As well as being a breakthrough for the construction industry, we hope that Cambridge Electric Cement will also be a flag to help the government recognise that the opportunities for innovation on our journey to zero emissions extend far beyond the energy sector."

The researchers have filed a patent on the process to support its commercialisation. The research was supported in part by Innovate UK and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI).
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Using wobbling stellar material, astronomers measure the spin of a supermassive black hole for the first time | ScienceDaily
Astronomers at MIT, NASA, and elsewhere have a new way to measure how fast a black hole spins, by using the wobbly aftermath from its stellar feasting.


						
The method takes advantage of a black hole tidal disruption event -- a blazingly bright moment when a black hole exerts tides on a passing star and rips it to shreds. As the star is disrupted by the black hole's immense tidal forces, half of the star is blown away, while the other half is flung around the black hole, generating an intensely hot accretion disk of rotating stellar material.

The MIT-led team has shown that the wobble of the newly created accretion disk is key to working out the central black hole's inherent spin.

In a study appearing in Nature, the astronomers report that they have measured the spin of a nearby supermassive black hole by tracking the pattern of X-ray flashes that the black hole produced immediately following a tidal disruption event. The team followed the flashes over several months and determined that they were likely a signal of a bright-hot accretion disk that wobbled back and forth as it was pushed and pulled by the black hole's own spin.

By tracking how the disk's wobble changed over time, the scientists could work out how much the disk was being affected by the black hole's spin, and in turn, how fast the black hole itself was spinning. Their analysis showed that the black hole was spinning at less than 25 percent the speed of light -- relatively slow, as black holes go.

The study's lead author, MIT Research Scientist Dheeraj "DJ" Pasham, says the new method could be used to gauge the spins of hundreds of black holes in the local universe in the coming years. If scientists can survey the spins of many nearby black holes, they can start to understand how the gravitational giants evolved over the history of the universe.

"By studying several systems in the coming years with this method, astronomers can estimate the overall distribution of black hole spins and understand the longstanding question of how they evolve over time," says Pasham, who is a member of MIT's Kavli Institute for Astrophysics and Space Research.




The study's co-authors include collaborators from a number of institutions, including NASA, Masaryk University in the Czech Republic, the University of Leeds, the University of Syracuse, Tel Aviv University, the Polish Academy of Sciences, and elsewhere.

Shredded heat

Every black hole has an inherent spin that has been shaped by its cosmic encounters over time. If, for instance, a black hole has grown mostly through accretion -- brief instances when some material falls onto the disk, this causes the black hole to spin up to quite high speeds. In contrast, if a black hole grows mostly by merging with other black holes, each merger could slow things down as one black hole's spin meets up against the spin of the other.

As a black hole spins, it drags the surrounding space-time around with it. This drag effect is an example of Lense-Thirring precession, a longstanding theory that describes the ways in which extremely strong gravitational fields, such as those generated by a black hole, can pull on the surrounding space and time. Normally, this effect would not be obvious around black holes, as the massive objects emit no light.

But in recent years, physicists have proposed that, in instances such as during a tidal disruption event, or TDE, scientists might have a chance to track the light from stellar debris as it is dragged around. Then, they might hope to measure the black hole's spin.

In particular, during a TDE, scientists predict that a star may fall onto a black hole from any direction, generating a disk of white-hot, shredded material that could be tilted, or misaligned, with respect to the black hole's spin. (Imagine the accretion disk as a tilted donut that is spinning around a donut hole that has its own, separate spin.) As the disk encounters the black hole's spin, it wobbles as the black hole pulls it into alignment. Eventually, the wobbling subsides as the disk settles into the black hole's spin. Scientists predicted that a TDE's wobbling disk should therefore be a measurable signature of the black hole's spin.




"But the key was to have the right observations," Pasham says. "The only way you can do this is, as soon as a tidal disruption event goes off, you need to get a telescope to look at this object continuously, for a very long time, so you can probe all kinds of timescales, from minutes to months."

A high-cadence catch

For the past five years, Pasham has looked for tidal disruption events that are bright enough, and near enough, to quickly follow up and track for signs of Lense-Thirring precession. In February of 2020, he and his colleagues got lucky, with the detection of AT2020ocn, a bright flash, emanating from a galaxy about a billion light years away, that was initially spotted in the optical band by the Zwicky Transient Facility.

From the optical data, the flash appeared to be the first moments following a TDE. Being both bright and relatively close by, Pasham suspected the TDE might be the ideal candidate to look for signs of disk wobbling, and possibly measure the spin of the black hole at the host galaxy's center. But for that, he would need much more data.

"We needed quick and high-cadence data," Pasham says. "The key was to catch this early on because this precession, or wobble, should only be present early on. Any later, and the disk would not wobble anymore."

The team discovered that NASA's NICER telescope was able to catch the TDE and continuously keep an eye on it over months at a time. NICER -- an abbreviation for Neutron star Interior Composition ExploreR -- is an X-ray telescope on the International Space Station that measures X-ray radiation around black holes and other extreme gravitational objects.

Pasham and his colleagues looked through NICER's observations of AT2020ocn over 200 days following the initial detection of the tidal disruption event. They discovered that the event emitted X-rays that appeared to peak every 15 days, for several cycles, before eventually petering out. They interpreted the peaks as times when the TDE's accretion disk wobbled face-on, emitting X-rays directly toward NICER's telescope, before wobbling away as it continued to emit X-rays (similar to waving a flashlight toward and away from someone every 15 days).

The researchers took this pattern of wobbling and worked it into the original theory for Lense-Thirring precession. Based on estimates of the black hole's mass, and that of the disrupted star, they were able to come up with an estimate for the black hole's spin -- less than 25 percent the speed of light.

Their results mark the first time that scientists have used observations of a wobbling disk following a tidal disruption event to estimate the spin of a black hole. As new telescopes such as the Rubin Observatory come online in the coming years, Pasham foresees more opportunities to pin down black hole spins.

"The spin of a supermassive black hole tells you about the history of that black hole," Pasham says. "Even if a small fraction of those that Rubin captures have this kind of signal, we now have a way to measure the spins of hundreds of TDEs. Then we could make a big statement about how black holes evolve over the age of the universe."

This research was funded, in part, by NASA and the European Space Agency.
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Adhesive coatings can prevent scarring around medical implants | ScienceDaily
When medical devices such as pacemakers are implanted in the body, they usually provoke an immune response that leads to buildup of scar tissue around the implant. This scarring, known as fibrosis, can interfere with the devices' function and may require them to be removed.


						
In an advance that could prevent that kind of device failure, MIT engineers have found a simple and general way to eliminate fibrosis by coating devices with a hydrogel adhesive. This adhesive binds the devices to tissue and prevents the immune system from attacking it.

"The dream of many research groups and companies is to implant something into the body that over the long term the body will not see, and the device can provide therapeutic or diagnostic functionality. Now we have such an 'invisibility cloak,' and this is very general: There's no need for a drug, no need for a special polymer," says Xuanhe Zhao, an MIT professor of mechanical engineering and of civil and environmental engineering.

The adhesive that the researchers used in this study is made from cross-linked polymers called hydrogels, and is similar to a surgical tape they previously developed to help seal internal wounds. Other types of hydrogel adhesives can also protect against fibrosis, the researchers found, and they believe this approach could be used for not only pacemakers but also sensors or devices that deliver drugs or therapeutic cells.

Zhao and Hyunwoo Yuk SM '16, PhD '21, a former MIT research scientist who is now the chief technology officer at SanaHeal, are the senior authors of the study, which will appear in Nature. MIT postdoc Jingjing Wu is the lead author of the paper.

Preventing fibrosis

In recent years, Zhao's lab has developed adhesives for a variety of medical applications, including double-sided and single-sided tapes that could be used to heal surgical incisions or internal injuries. These adhesives work by rapidly absorbing water from wet tissues, using polyacrylic acid, an absorbent material used in diapers. Once the water is cleared, chemical groups called NHS esters embedded in the polyacrylic acid form strong bonds with proteins at the tissue surface. This process takes about five seconds.




Several years ago, Zhao and Yuk began exploring whether this kind of adhesive could also help keep medical implants in place and prevent fibrosis from occurring.

To test this idea, Wu coated polyurethane devices with their adhesive and implanted them on the abdominal wall, colon, stomach, lung, or heart of rats. Weeks later, they removed the device and found that there was no visible scar tissue. Additional tests with other animal models showed the same thing: Wherever the adhesive-coated devices were implanted, fibrosis did not occur, for up to three months.

"This work really has identified a very general strategy, not only for one animal model, one organ, or one application," Wu says. "Across all of these animal models, we have consistent, reproducible results without any observable fibrotic capsule."

Using bulk RNA sequencing and fluorescent imaging, the researchers analyzed the animals' immune response and found that when devices with adhesive coatings were first implanted, immune cells such as neutrophils began to infiltrate the area. However, the attacks quickly quenched out before any scar tissue could form.

"For the adhered devices, there is an acute inflammatory response because it is a foreign material," Yuk says. "However, very quickly that inflammatory response decayed, and then from that point you do not have this fibrosis formation."

One application for this adhesive could be coatings for epicardial pacemakers -- devices that are placed on the heart to help control the heart rate. The wires that contact the heart often become fibrotic, but the MIT team found that when they implanted adhesive-coated wires in rats, they remained functional for at least three months, with no scar tissue formation.




Mechanical cues

The researchers also tested a hydrogel adhesive that includes chitosan, a naturally occurring polysaccharide, and found that this adhesive also eliminated fibrosis in animal studies. However, two commercially available tissue adhesives that they tested did not show this antifibrotic effect because the commercially available adhesives eventually detached from the tissue and allowed the immune system to attack.

In another experiment, the researchers coated implants in hydrogel adhesives but then soaked them in a solution that removed the polymers' adhesive properties, while keeping their overall chemical structure the same. After being implanted in the body, where they were held in place by sutures, fibrotic scarring occurred. This suggests that there is something about the mechanical interaction between the adhesive and the tissue that prevents the immune system from attacking, the researchers say.

"Previous research in immunology has been focused on chemistry and biochemistry, but mechanics and physics may play equivalent roles, and we should pay attention to those mechanical and physical cues in immunological responses," says Zhao, who now plans to further investigate how those mechanical cues affect the immune system.

Yuk, Zhao, and others have started a company called SanaHeal, which is now working on further developing tissue adhesives for medical applications.

"As a team, we are interested in reporting this to the community and sparking speculation and imagination as to where this can go," Yuk says. "There are so many scenarios in which people want to interface with foreign or manmade material in the body, like implantable devices, drug depots, or cell depots."

The research was funded by the National Institutes of Health and the National Science Foundation.
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The origin of the sun's magnetic field could lie close to its surface | ScienceDaily
The sun's surface is a brilliant display of sunspots and flares driven by the solar magnetic field, which is internally generated through a process called dynamo action. Astrophysicists have assumed that the sun's field is generated deep within the star. But an MIT study finds that the sun's activity may be shaped by a much shallower process.


						
In a paper appearing in Nature, researchers at MIT, the University of Edinburgh, and elsewhere find that the sun's magnetic field could arise from instabilities within the sun's outermost layers.

The team generated a precise model of the sun's surface and found that when they simulated certain perturbations, or changes in the flow of plasma (ionized gas) within the top 5 to 10 percent of the sun, these surface changes were enough to generate realistic magnetic field patterns, with similar characteristics to what astronomers have observed on the sun. In contrast, their simulations in deeper layers produced less realistic solar activity.

The findings suggest that sunspots and flares could be a product of a shallow magnetic field, rather than a field that originates deeper in the sun, as scientists had largely assumed.

"The features we see when looking at the sun, like the corona that many people saw during the recent solar eclipse, sunspots, and solar flares, are all associated with the sun's magnetic field," says study author Keaton Burns, a research scientist in MIT's Department of Mathematics. "We show that isolated perturbations near the sun's surface, far from the deeper layers, can grow over time to potentially produce the magnetic structures we see."

If the sun's magnetic field does in fact arise from its outermost layers, this might give scientists a better chance at forecasting flares and geomagnetic storms that have the potential to damage satellites and telecommunications systems.

"We know the dynamo acts like a giant clock with many complex interacting parts," says co-author Geoffrey Vasil, a researcher at the University of Edinburgh. "But we don't know many of the pieces or how they fit together. This new idea of how the solar dynamo starts is essential to understanding and predicting it."

The study's co-authors also include Daniel Lecoanet and Kyle Augustson of Northwestern University, Jeffrey Oishi of Bates College, Benjamin Brown and Keith Julien of the University of Colorado at Boulder, and Nicholas Brummell of the University of California at Santa Cruz.




Flow zone

The sun is a white-hot ball of plasma that's boiling on its surface. This boiling region is called the "convection zone," where layers and plumes of plasma roil and flow. The convection zone comprises the top one-third of the sun's radius and stretches about 200,000 kilometers below the surface.

"One of the basic ideas for how to start a dynamo is that you need a region where there's a lot of plasma moving past other plasma, and that shearing motion converts kinetic energy into magnetic energy," Burns explains. "People had thought that the sun's magnetic field is created by the motions at the very bottom of the convection zone."

To pin down exactly where the sun's magnetic field originates, other scientists have used large three-dimensional simulations to try to solve for the flow of plasma throughout the many layers of the sun's interior. "Those simulations require millions of hours on national supercomputing facilities, but what they produce is still nowhere near as turbulent as the actual sun," Burns says.

Rather than simulating the complex flow of plasma throughout the entire body of the sun, Burns and his colleagues wondered whether studying the stability of plasma flow near the surface might be enough to explain the origins of the dynamo process.

To explore this idea, the team first used data from the field of "helioseismology," where scientists use observed vibrations on the sun's surface to determine the average structure and flow of plasma beneath the surface.




"If you take a video of a drum and watch how it vibrates in slow motion, you can work out the drumhead's shape and stiffness from the vibrational modes," Burns says. "Similarly, we can use vibrations that we see on the solar surface to infer the average structure on the inside."

Solar onion

For their new study, the researchers collected models of the sun's structure from helioseismic observations. "These average flows look sort like an onion, with different layers of plasma rotating past each other," Burns explains. "Then we ask: Are there perturbations, or tiny changes in the flow of plasma, that we could superimpose on top of this average structure, that might grow to cause the sun's magnetic field?"

To look for such patterns, the team utilized the Dedalus Project -- a numerical framework that Burns developed that can simulate many types of fluid flows with high precision. The code has been applied to a wide range of problems, from modeling the dynamics inside individual cells, to ocean and atmospheric circulations.

"My collaborators have been thinking about the solar magnetism problem for years, and the capabilities of Dedalus have now reached the point where we could address it," Burns says.

The team developed algorithms that they incorporated into Dedalus to find self-reinforcing changes in the sun's average surface flows. The algorithm discovered new patterns that could grow and result in realistic solar activity. In particular, the team found patterns that match the locations and timescales of sunspots that have been have observed by astronomers since Galileo in 1612.

Sunspots are transient features on the surface of the sun that are thought to be shaped by the sun's magnetic field. These relatively cooler regions appear as dark spots in relation to the rest of the sun's white-hot surface. Astronomers have long observed that sunspots occur in a cyclical pattern, growing and receding every 11 years, and generally gravitating around the equator, rather than near the poles.

In the team's simulations, they found that certain changes in the flow of plasma, within just the top 5 to 10 percent of the sun's surface layers, were enough to generate magnetic structures in the same regions. In contrast, changes in deeper layers produce less realistic solar fields that are concentrated near the poles, rather than near the equator.

The team was motivated to take a closer look at flow patterns near the surface as conditions there resembled the unstable plasma flows in entirely different systems: the accretion disks around black holes. Accretion disks are massive disks of gas and stellar dust that rotate in towards a black hole, driven by the "magnetorotational instability," which generates turbulence in the flow and causes it to fall inward.

Burns and his colleagues suspected that a similar phenomena is at play in the sun, and that the magnetorotational instability in the sun's outermost layers could be the first step in generating the sun's magnetic field.

"I think this result may be controversial," he ventures. "Most of the community has been focused on finding dynamo action deep in the sun. Now we're showing there's a different mechanism that seems to be a better match to observations." Burns says that the team is continuing to study if the new surface field patterns can generate individual sunspots and the full 11-year solar cycle.

This research was supported, in part, by NASA.
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Promethium bound: Rare earth element's secrets exposed | ScienceDaily
Scientists have uncovered the properties of a rare earth element that was first discovered 80 years ago at the very same laboratory, opening a new pathway for the exploration of elements critical in modern technology, from medicine to space travel.


						
Promethium was discovered in 1945 at Clinton Laboratories, now the Department of Energy's Oak Ridge National Laboratory, and continues to be produced at ORNL in minute quantities. Some of its properties have remained elusive despite the rare earth element's use in medical studies and long-lived nuclear batteries. It is named after the mythological Titan who delivered fire to humans and whose name symbolizes human striving.

"The whole idea was to explore this very rare element to gain new knowledge," said Alex Ivanov, an ORNL scientist who co-led the research. "Once we realized it was discovered at this national lab and the place where we work, we felt an obligation to conduct this research to uphold the ORNL legacy."

The ORNL-led team of scientists prepared a chemical complex of promethium, which enabled its characterization in solution for the first time. Thus, they exposed the secrets of this extremely rare lanthanide, whose atomic number is 61, in a series of meticulous experiments.

Their landmark study, published in the journal Nature, marks a significant advance in rare earth research and might rewrite chemistry textbooks.

"Because it has no stable isotopes, promethium was the last lanthanide to be discovered and has been the most difficult to study," said ORNL's Ilja Popovs, who co-led the research. Most rare earth elements are lanthanides, elements from 57 -- lanthanum -- to 71 -- lutetium -- on the periodic table. They have similar chemical properties but differ in size.

The other 14 lanthanides are well understood. They are metals with useful properties that make them indispensable in many modern technologies. They are workhorses of applications such as lasers, permanent magnets in wind turbines and electric vehicles, X-ray screens and even cancer-fighting medicines.




"There are thousands of publications on lanthanides' chemistry without promethium. That was a glaring gap for all of science," said ORNL's Santa Jansone-Popova, who co-led the study. "Scientists have to assume most of its properties. Now we can actually measure some of them."

The research relied on unique resources and expertise available at DOE national laboratories. Using a research reactor, hot cells and supercomputers, as well as the accumulated knowledge and skills of 18 scientists in different fields, the authors detailed the first observation of a promethium complex in solution.

The ORNL scientists bound, or chelated, radioactive promethium with special organic molecules called diglycolamide ligands. Then, using X-ray spectroscopy, they determined the properties of the complex, including the length of the promethium chemical bond with neighboring atoms -- a first for science and a longstanding missing piece to the periodic table of elements.

Promethium is very rare; only about a pound occurs naturally in the Earth's crust at any given time. Unlike other rare earth elements, only minute quantities of synthetic promethium are available because it has no stable isotopes.

For this study, the ORNL team produced the isotope promethium-147, with a half-life of 2.62 years, in sufficient quantities and at a high enough purity to study its chemical properties. ORNL is the United States' only producer of promethium-147.

Notably, the team provided the first demonstration of a feature of lanthanide contraction in solution for the whole lanthanide series, including promethium, atomic number 61. Lanthanide contraction is a phenomenon in which elements with atomic numbers between 57 and 71 are smaller than expected. As the atomic numbers of these lanthanides increase, the radii of their ions decrease. This contraction creates distinctive chemical and electronic properties because the same charge is limited to a shrinking space. The ORNL scientists got a clear promethium signal, which enabled them to better define the shape of the trend -- across the series.




"It's really astonishing from a scientific viewpoint. I was struck once we had all the data," said Ivanov. "The contraction of this chemical bond accelerates along this atomic series, but after promethium, it considerably slows down. This is an important landmark in understanding the chemical bonding properties of these elements and their structural changes along the periodic table."

Many of these elements, such as those in the lanthanide and actinide series, have applications ranging from cancer diagnostics and treatment to renewable energy technologies and long-lived nuclear batteries for deep space exploration.

The achievement will, among other things, ease the difficult job of separating these valuable elements, according to Jansone-Popova. The team has long worked on separations for the whole series of lanthanides, "but promethium was the last puzzle piece. It was quite challenging," she said. "You cannot utilize all these lanthanides as a mixture in modern advanced technologies, because first you need to separate them. This is where the contraction becomes very important; it basically allows us to separate them, which is still quite a difficult task."

The research team used several premier DOE facilities in the project. At ORNL, promethium was synthesized at the High Flux Isotope Reactor, a DOE Office of Science user facility, and purified at the Radiochemical Engineering Development Center, a multipurpose radiochemical processing and research facility. Then, the team performed X-ray absorption spectroscopy at the National Synchrotron Light Source II, a DOE Office of Science user facility at DOE's Brookhaven National Laboratory, specifically working at the Beamline for Materials Measurement, which is funded and operated by the National Institute of Standards and Technology.

The team also performed quantum chemical calculations and molecular dynamics simulations at the Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility at ORNL, using the lab's Summit supercomputer, the only computational resource capable of providing the necessary calculations at the time. In addition, the researchers used resources of the Compute and Data Environment for Science at ORNL. They expect future calculations to be performed on ORNL's Frontier, the world's most powerful supercomputer and the first exascale system, which is able to perform more than a quintillion calculations each second.

Popovs emphasized that the ORNL-led accomplishments can be attributed to teamwork. Each of the Nature paper's 18 authors was critical to the project, he said.

The achievement sets the stage for a new era of research, the scientists said. "Anything that we would call a modern marvel of technology would include, in one shape or another, these rare earth elements," Popovs said. "We are adding the missing link."

Besides Popovs, Ivanov and Jansone-Popova from ORNL's Chemical Sciences Division, the paper's co-authors include Darren Driscoll, Subhamay Pramanik, Jeffrey Einkauf, Santanu Roy and Thomas Dyke, also of ORNL's Chemical Sciences Division; Frankie White, Richard Mayes, Laetitia Delmau, Samantha Cary, April Miller and Sandra Davern of ORNL's Radioisotope Science and Technology Division; Matt Silveira and Shelley VanCleve of ORNL's Isotope Processing and Manufacturing Division; Dmytro Bykov of the National Center for Computational Sciences at ORNL; and Bruce Ravel of the National Institute of Standards and Technology.

This work was primarily co-sponsored by DOE's Office of Science for ligand synthesis, lanthanide complexation studies, crystallization processes, spectroscopic analyses and simulation efforts. The production, purification and preparation of the promethium sample were supported by the DOE Isotope Program, managed by the Office of Science for Isotope R&D and Production. The single-crystal X-ray diffraction data collection and refinement were supported by the DOE Office of Science.
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Under extreme impacts, metals get stronger when heated, study finds | ScienceDaily
Metals get softer when they are heated, which is how blacksmiths can form iron into complex shapes by heating it red hot. And anyone who compares a copper wire with a steel coat hanger will quickly discern that copper is much more pliable than steel.


						
But scientists at MIT have discovered that when metal is struck by an object moving at a super high velocity, the opposite happens: The hotter the metal, the stronger it is. Under those conditions, which put extreme stress on the metal, copper can actually be just as strong as steel. The new discovery could lead to new approaches to designing materials for extreme environments, such as shields that protect spacecraft or hypersonic aircraft, or equipment for high-speed manufacturing processes.

The findings are described in a paper appearing today in the journal Nature, by Ian Dowding, an MIT graduate student, and Christopher Schuh, former head of MIT's Department of Materials Science and Engineering, now dean of engineering at Northwestern University and visiting professor at MIT.

The new finding, the authors write, "is counterintuitive and at odds with decades of studies in less extreme conditions." The unexpected results could affect a variety of applications because the extreme velocities involved in these impacts occur routinely in meteorite impacts on spacecraft in orbit and in high-speed machining operations used in manufacturing, sandblasting, and some additive manufacturing (3D printing) processes.

The experiments the researchers used to find this effect involved shooting tiny particles of sapphire, just millionths of a meter across, at flat sheets of metal. Propelled by laser beams, the particles reached high velocities, on the order of a few hundred meters per second. While other researchers have occasionally done experiments at similarly high velocities, they have tended to use larger impactors, at the scale of centimeters or larger. Because these larger impacts were dominated by effects of the shock of the impact, there was no way to separate out the mechanical and thermal effects.

The tiny particles in the new study don't create a significant pressure wave when they hit the target. But it has taken a decade of research at MIT to develop methods of propelling such microscopic particles at such high velocities. "We've taken advantage of that," Schuh says, along with other new techniques for observing the high-speed impact itself.

The team used extremely high-speed cameras "to watch the particles as they come in and as they fly away," he says. As the particles bounce off the surface, the difference between the incoming and outgoing velocities "tells you how much energy was deposited" into the target, which is an indicator of the surface strength.




The tiny particles they used were made of alumina, or sapphire, and are "very hard," Dowding says. At 10 to 20 microns (millionths of a meter) across, these are between one-tenth and one-fifth of the thickness of a human hair. When the launchpad behind those particles is hit by a laser beam, part of the material vaporizes, creating a jet of vapor that propels the particle in the opposite direction.

The researchers shot the particles at samples of copper, titanium, and gold, and they expect their results should apply to other metals as well. They say their data provide the first direct experimental evidence for this anomalous thermal effect of increased strength with greater heat, although hints of such an effect had been reported before.

The surprising effect appears to result from the way the orderly arrays of atoms that make up the crystalline structure of metals move under different conditions, according to the researchers' analysis. They show that there are three separate effects governing how metal deforms under stress, and while two of these follow the predicted trajectory of increasing deformation at higher temperatures, it is the third effect, called drag strengthening, that reverses its effect when the deformation rate crosses a certain threshold.

Beyond this crossover point, the higher temperature increases the activity of phonons -- waves of sound or heat -- within the material, and these phonons interact with dislocations in the crystalline lattice in a way that limits their ability to slip and deform. The effect increases with increased impact speed and temperature, Dowding says, so that "the faster you go, the less the dislocations are able to respond."

Of course, at some point the increased temperature will begin to melt the metal, and at that point the effect will reverse again and lead to softening. "There will be a limit" to this strengthening effect, Dowding says, "but we don't know what it is."

The findings could lead to different choices of materials when designing devices that may encounter such extreme stresses, Schuh says. For example, metals that may ordinarily be much weaker, but that are less expensive or easier to process, might be useful in situations where nobody would have thought to use them before.

The extreme conditions the researchers studied are not confined to spacecraft or extreme manufacturing methods. "If you are flying a helicopter in a sandstorm, a lot of these sand particles will reach high velocities as they hit the blades," Dowding says, and under desert conditions they may reach the high temperatures where these hardening effects kick in.

The techniques the researchers used to uncover this phenomenon could be applied to a variety of other materials and situations, including other metals and alloys. Designing materials to be used in extreme conditions by simply extrapolating from known properties at less extreme conditions could lead to seriously mistaken expectations about how materials will behave under extreme stresses, they say.

The research was supported by the U.S. Department of Energy.
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New AI accurately predicts fly behavior | ScienceDaily
We've been told, "The eyes are the window to the soul." Well, windows work two ways. Our eyes are also our windows to the world. What we see and how we see it help determine how we move through the world. In other words, our vision helps guide our actions, including social behaviors. Now, a young Cold Spring Harbor Laboratory (CSHL) scientist has uncovered a major clue into how this works. He did it by building a special AI model of the common fruit fly brain.


						
CSHL Assistant Professor Benjamin Cowley and his team honed their AI model through a technique they developed called "knockout training." First, they recorded a male fruit fly's courtship behavior -- chasing and singing to a female. Next, they genetically silenced specific types of visual neurons in the male fly and trained their AI to detect any changes in behavior. By repeating this process with many different visual neuron types, they were able to get the AI to accurately predict how the real fruit fly would act in response to any sight of the female.

"We can actually predict neural activity computationally and ask how specific neurons contribute to behavior," Cowley says. "This is something we couldn't do before."

With their new AI, Cowley's team discovered that the fruit fly brain uses a "population code" to process visual data. Instead of one neuron type linking each visual feature to one action, as previously assumed, many combinations of neurons were needed to sculpt behavior. A chart of these neural pathways looks like an incredibly complex subway map and will take years to decipher. Still, it gets us where we need to go. It enables Cowley's AI to predict how a real-life fruit fly will behave when presented with visual stimuli.

Does this mean AI could someday predict human behavior? Not so fast. Fruit fly brains contain about 100,000 neurons. The human brain has almost 100 billion.

"This is what it's like for the fruit fly. You can imagine what our visual system is like, " says Cowley, referring to the subway map.

Still, Cowley hopes his AI model will someday help us decode the computations underlying the human visual system.

"This is going to be decades of work. But if we can figure this out, we're ahead of the game," says Cowley. "By learning [fly] computations, we can build a better artificial visual system. More importantly, we're going to understand disorders of the visual system in much better detail."

How much better? You'll have to see it to believe it.
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Strings that can vibrate forever (kind of) | ScienceDaily
Researchers from TU Delft and Brown University have engineered string-like resonators capable of vibrating longer at ambient temperature than any previously known solid-state object -- approaching what is currently only achievable near absolute zero temperatures. Their study, published in Nature Communications, pushes the edge of nanotechnology and machine learning to make some of the world's most sensitive mechanical sensors.


						
The newly developed nanostrings boast the highest mechanical quality factors ever recorded for any clamping object in room temperature environments; in their case clamped to a microchip. This makes the technology interesting for integration with existing microchip platforms. Mechanical quality factors represent how well energy rings out of a vibrating object. These strings are specially designed to trap vibrations in and not let their energy leak out.

A 100-year swing on a microchip

"Imagine a swing that, once pushed, keeps swinging for almost 100 years because it loses almost no energy through the ropes," says associate professor Richard Norte. "Our nanostrings do something similar but rather than vibrating once per second like a swing, our strings vibrate 100,000 times per second. Because it's difficult for energy to leak out, it also means environmental noise is hard to get in, making these some of the best sensors for room temperature environments.

This innovation is pivotal for studying macroscopic quantum phenomena at room temperature -- environments where such phenomena were previously masked by noise. While the weird laws of quantum mechanics are usually only seen in single atoms, the nanostrings' ability to isolate themselves from our everyday heat-based vibrational noise allows them to open a window into their own quantum signatures; strings made from billions of atoms. In everyday environments, this kind of capability would have interesting uses for quantum-based sensing.

Extraordinary match between simulation and experiment

"Our manufacturing process goes in a different direction with respect to what is possible in nanotechnology today," said Dr. Andrea Cupertino, who spearheaded the experimental efforts. The strings are 3 centimetres long and 70 nanometres thick, but scaled up, this would be the equivalent of manufacturing guitar strings of glass that are suspended half a kilometre with almost no sag. "This kind of extreme structures are only feasible at nanoscales where the effects of gravity and weight enter differently. This allows for structures that would be unfeasible at our everyday scales but are particularly useful in miniature devices used to measure physical quantities such as pressure, temperature, acceleration and magnetic fields, which we call MEMS sensing," explains Cupertino.




The nanostrings are crafted using advanced nanotechnology techniques developed at the TU Delft, pushing the boundaries of how thin and long suspended nanostructures can be made. A key of the collaboration is that these nanostructures can be made so perfectly on a microchip, that there is an extraordinary match between simulations and experiments -- meaning that simulations can act as the data for machine learning algorithms, rather than costly experiments. "Our approach involved using machine learning algorithms to optimize the design without continuously fabricating prototypes," noted lead author Dr. Dongil Shin, who developed these algorithms with Miguel Bessa. To further enhance efficiency of designing these large detailed structures, the machine learning algorithms smartly utilised insights from simpler, shorter string experiments to refine the designs of longer strings, making the development process both economical and effective.

According to Norte, the success of this project is a testament to the fruitful collaboration between experts in nanotechnology and machine learning, underscoring the interdisciplinary nature of cutting-edge scientific research.

Inertial navigation and next-generation microphones

The implications of these nanostrings extend beyond basic science. They offer promising new pathways for integrating highly sensitive sensors with standard microchip technology, leading to new approaches in vibration-based sensing. While these initial studies focus on strings, the concepts can be expanded to more complex designs to measure other important parameters like acceleration for inertial navigation or something looking more like a vibrating drumhead for next-generation microphones. This research demonstrates the vast array of possibilities when combining nanotechnology advances with machine learning to open new frontiers in technology.
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Smoke covered 70% of California during biggest wildfire years | ScienceDaily
As much as 70% of California was covered by wildfire smoke during parts of 2020 and 2021, according to a study from the University of California, Davis. The study, published today in the journal Communications: Earth & Environment, combined lake-based sensors with satellite imagery to find that maximum smoke cover has increased by about 116,000 square miles since 2006.


						
The study measured lake responses to wildfire smoke in 2018, 2020 and 2021 -- the three largest fire seasons on record in California. It found the lakes were exposed on average to 33 days of high-density smoke between July and October, with August and September having the highest number of smoky days.

The extent of wildfire in California has quintupled since the 1970s, the study notes. Yet little is known about the impact of smoke on lake ecosystems.

"We're looking at a scenario where for the next 100 years or longer, smoke will be a feature on the landscape," said senior author Steven Sadro, a UC Davis limnologist and associate professor in the department of Environmental Science and Policy. "What does that mean for fundamental ecology? What are the implications of those changes? Those are the big questions we're focused on in aquatic systems."

Science and serendipity

Answering those questions requires a bit of serendipity. Scientific instrumentation needs to be present in lakes when and where wildfire smoke occurs to measure effects.

As smoke settled over the state throughout the three main study years, scientific sensors in 10 lakes were taking note of the changes.




The lakes spanned a gradient of California landscapes, from cold mountain lakes to murky warmer waters. They stretched from Castle Lake in the Klamath Mountains, to Lake Tahoe and Emerald Lake in the southern Sierra Nevada, Clear Lake in the Coast Range, and a site in the Sacramento-San Joaquin River Delta.

"We were measuring things like temperature, light and oxygen in the water," said lead author Adrianne Smits, a research scientist in the UC Davis Environmental Science and Policy Department. "These are all components of lake productivity and health. We were interested in how those things change under smoky conditions."

The scientists hypothesized that smoke and ash would "dim the lights," affecting rates of photosynthesis and respiration of the lake's plant and aquatic life -- the foundation of healthy lake ecosystems.

Changed by smoke

The study verified that wildfire smoke does change light, water temperature and oxygen in lakes -- the basic drivers of lake function and health -- but those changes are as variable as the unique lakes studied.

Smits said there is no one answer to how wildfire smoke impacts lakes other than, "It depends." Lake size, depth, smoke cover, nutrient levels and more dictate how a lake responds to the changes. But lakes are changing.




"We're seeing changes -- often decreases -- in photosynthesis and respiration rates that drive almost everything else," said Smits. "Food webs, algal growth, the ability to emit or sequester carbon -- those are dependent on these rates. They're all related, and they're all being changed by smoke."

This points to the need for more research to understand how the scale, scope and intensity of recent and future wildfires affect lake ecosystems.

"We need to reframe how we're thinking about wildfire smoke -- as a seasonal weather phenomenon and not just an 'event' that happens and goes away," said Smits. "We think about it for our health, but we should be thinking about it for ecosystem health, as well."

Co-authoring institutions include the UC Davis Tahoe Environmental Research Center; UC Davis Land, Air and Water Resources; University of Nevada-Reno; and Universidad Nacional del Sur in Argentina.

The study was funded through a grant for Rapid Response Research (RAPID) by the National Science Foundation.
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Ancient viral DNA in the human genome linked to major psychiatric disorders | ScienceDaily
New research led by King's College London has found that thousands of DNA sequences originating from ancient viral infections are expressed in the brain, with some contributing to susceptibility for psychiatric disorders such as schizophrenia, bipolar disorder, and depression.


						
Published in Nature Communications, the study was part-funded by the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre and the US National Institutes of Health (NIH).

About eight percent of our genome is made up of sequences called Human Endogenous Retroviruses (HERVs), which are products of ancient viral infections that occurred hundreds of thousands of years ago. Until recently, it was assumed that these 'fossil viruses' were simply junk DNA, with no important function in the body. However, due to advances in genomics research, scientists have now discovered where in our DNA these fossil viruses are located, enabling us to better understand when they are expressed and what functions they may have.

This new study builds upon these advances and is the first to show that a set of specific HERVs expressed in the human brain contribute to psychiatric disorder susceptibility, marking a step forward in understanding the complex genetic components that contribute to these conditions.

Dr Timothy Powell, co-senior author on the study and Senior Lecturer at the Institute of Psychiatry, Psychology & Neuroscience (IoPPN), King's College London, said: "This study uses a novel and robust approach to assess how genetic susceptibility for psychiatric disorders imparts its effects on the expression of ancient viral sequences present in the modern human genome. Our results suggest that these viral sequences probably play a more important role in the human brain than originally thought, with specific HERV expression profiles being associated with an increased susceptibility for some psychiatric disorders."

The study analysed data from large genetic studies involving tens of thousands of people, both with and without mental health conditions, as well as information from autopsy brain samples from 800 individuals, to explore how DNA variations linked to psychiatric disorders affect the expression of HERVs.

Although most genetic risk variants linked to psychiatric diagnoses impacted genes with well-known biological functions, the researchers found that some genetic risk variants preferentially affected the expression of HERVs. The researchers reported five robust HERV expression signatures associated with psychiatric disorders, including two HERVs that are associated with risk for schizophrenia, one associated with risk for both bipolar disorder and schizophrenia, and one associated with risk for depression.

Dr Rodrigo Duarte, first author and Research Fellow at the IoPPN, King's College London, said: "We know that psychiatric disorders have a substantial genetic component, with many parts of the genome incrementally contributing to susceptibility. In our study, we were able to investigate parts of the genome corresponding to HERVs, which led to the identification of five sequences that are relevant to psychiatric disorders. Whilst it is not clear yet how these HERVs affect brain cells to confer this increase in risk, our findings suggest that their expression regulation is important for brain function."

Dr Douglas Nixon, co-senior author on the study and and researcher at the Feinstein Institutes for Medical Research at Northwell Health, in the US, said: "Further research is needed to understand the exact function of most HERVs, including those identified in our study. We think that a better understanding of these ancient viruses, and the known genes implicated in psychiatric disorders, have the potential to revolutionise mental health research and lead to novel ways to treat or diagnose these conditions."
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'Fossilizing' cracks in infrastructure creates sealing that can even survive earthquakes | ScienceDaily
Various forms of underground activity, such as deep wells or the disposal of hazardous materials, require the long-term sealing of rocks. A team of researchers has developed an innovative method based on fossilization processes to seal cracks and fractures in rock using a "concretion-forming resin." The results were published in Communications Engineering.


						
The underground disposal of pollutants, such as radioactive waste and carbon dioxide, poses unique challenges. To avoid their release, it is necessary to seal the shafts and boreholes used for investigations and ensure that there are no leaks from the rock for long periods of time. Unfortunately, current cement-based sealing materials do not offer long-term functionality and durability. Especially in earthquake-prone countries, such as Japan, this may cause future complications, such as leaks.

To find a solution, lead researcher Hidekazu Yoshida of the Nagoya University Museum turned to his expertise in fossil preservation in calcium carbonate concretions. He understood that such concretions form quite rapidly within a few weeks to years, and fossils in concretions remain remarkably intact for millions of years, even when extracted from locations prone to weathering and seismic disturbances. He mused about the potential use of a similar approach in an industrial context.

"I realized that well-preserved fossils in concretions had withstood weathering and the like for tens to hundreds of thousands of years in the natural environment," Yoshida said. "I became inspired by studying how fast concretions were formed and why the fossils inside were preserved so well."

One reason for the durability of fossils is the concretion process. This is a natural fossilization process in which minerals in groundwater precipitate out of the water and accumulate around the organic material. Calcite in the groundwater seals the remains by forming crystals around them, binding the surrounding sediments. This mechanism creates an almost impenetrable fossil, with the crystals blocking even small, micrometer-sized openings.

Based on the concretion-forming process, the researchers mixed two agents to develop a "concretion-forming resin." The resin holds the ions needed to form calcite when water is introduced. Calcite forms impenetrable crystals in cracks and holes, reproducing the concretion formation process seen in nature, only much faster.

During a test in an underground laboratory 350 meters below the surface in Hokkaido, the northernmost island of Japan, the researchers discovered that their resin-based material had remarkable sealing abilities. When applied to flow-paths in the rock, it sealed them completely and rapidly.

The area experienced six earthquakes in the space of two days, including a magnitude 5.4 earthquake, putting their resin to the ultimate test. Despite a further five earthquakes during the test period, the cracks remained sealed. In fact, open cracks even resealed as the crystals reformed.

"The earthquakes were coincidence; something we never expected and planned for," Yoshida said. "They were a surprise to us, but it was such a great opportunity to see the material's performance. Such a fast-acting and sustained sealing effect of rock fractures, including post-earthquake crack repair, has never been reported before. Conventional cement materials cannot achieve this result."

The group is working closely with the Japan Atomic Energy Agency, Sekisui Chemical Co., and Chubu Electric Power Co., Ltd. to ensure that the resin will be commercially viable. Following their successful test, the team anticipates a wide range of applications, including long-term underground sequestration of radioactive waste and carbon dioxide, sealing abandoned oil wells, groundwater control during rock and mine excavation, and repair of cracks in ageing infrastructure such as roads and buildings.
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Excavation reveals 'major' ancient migration to Timor Island | ScienceDaily
The discovery of thousands of stone artefacts and animal bones in a deep cave in Timor Island has led archaeologists to reassess the route that early humans took to reach Australia.


						
Researchers from The Australian National University (ANU), Flinders University, University College London (UCL) and the ARC Centre of Excellence for Australian Biodiversity and Heritage dated and analysed the artefacts and sediment at the Laili rock shelter in central-north Timor-Leste, north of Australia, to pinpoint the arrival of the colonists.

They detected a human "arrival signature" from about 44,000 years ago, suggesting there were no humans on the island prior to this time.

"Unlike other sites in the region, the Laili rock shelter preserved deep sediments dating between 59,000 and 54,000 years ago which showed no clear signs of human occupation," Dr Shimona Kealy, from the ANU College of Asia and the Pacific, said.

"When we analyse and compare markers of human occupation from other sites across Timor-Leste and nearby Flores Island, we can confidently say humans were also absent throughout the wider region of the southern Wallacean islands.

"This is significant as these islands were most likely a gateway crossing for ancient humans making the crossing to Australia."

Study co-author Professor Sue O'Connor, also from ANU, said Timor Island has long been considered a stepping stone island for the first human migration between mainland Southeast Asia and into Australia and New Guinea. But the new findings challenge this theory.




"The absence of humans on Timor Island earlier than at least 50,000 years ago is significant as it indicates that these early humans arrived on the island later than previously believed," she said.

"This provides further evidence to suggest early humans were making the crossing to Australia using the stepping stone island of New Guinea, rather than Timor Island as researchers had previously suggested.

"In addition to prompting a re-evaluation of the route and timing of earliest human migration through Wallacea and into Sahul, our findings highlight the fact that migration into the islands was ongoing with occupation of the southern islands occurring thousands of years after the initial settlement of Australia."

The sediment from the site was analysed at the Flinders Microarchaeology Laboratory by co-author Associate Professor Mike Morley.

"The shift from pre-occupation to intensive human activity at the site was very clear in the sediments," Associate Professor Morley, from Flinders University, said.

"As soon as people arrived on the scene, their use of the cave was very intensive, with clear evidence of burning and trampling of the shelter floor underfoot."

The research team unearthed lots of small stone tools during the excavation, as well as charred fish bones.




"We know these people specialised in making tiny stone tools, but we're not 100 per cent sure what they were used for," Dr Kealy said.

"Because a lot of their diet was either shellfish or small animals, you don't really need big knives to gather that sort of food. But having small, fine tools is useful for things like stripping leaves to then weave into baskets, but also for creating wooden tools."

Based on the sheer number of artefacts unearthed at the site, the researchers say the migration to Timor Island was a "major" one. According to the researchers, these ancient humans likely made the crossing to Timor from nearby Flores Island and mainland Southeast Asia.

"The traditional view held by researchers is that early humans who were making these significant water crossings were stumbling upon these islands by mistake, largely because it was so long ago," Dr Kealy said.

"Their arrival on Timor was no accident. This was a major colonisation effort, evident through the sheer number of people who were making the journey.

"It's a testament to these peoples' level of maritime technology and the boats they created, but also their confidence and competence in braving maritime crossings."

The research is published in Nature Communications. This work was led by Dr Ceri Shipton from UCL and also involved scientists from Griffith University and the University of Wollongong.
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Roots are a key to drought-tolerant maize | ScienceDaily
Maize can grow successfully in very different local conditions. An international study headed by the University of Bonn has now demonstrated the important role of the plant root system. The researchers analyzed more than 9,000 varieties in the study and were able to show that their roots varied considerably -- depending on how dry the location is where each variety was cultivated. They were also able to identify an important gene that plays a role in the plant's ability to adapt. This gene could be the key to developing varieties of maize that cope better with climate change. The results were recently published in the journal Nature Genetics.


						
It is a bushy plant with highly branched stems. Finger-length ears grow from the axils of their elongated leaves and every one of them consists of a dozen rock-hard seeds.

You have to look very closely to recognize kinship with one of the world's most important cultivated plants. And yet experts all agree that the genus teosinte is the ancestral form of all modern varieties of maize. Farmers in southwest Mexico began to select the progeny of teosinte plants that produced the most grains, and the tastiest grains, more than 9,000 years ago. Modern maize crops were cultivated in this way over the course of many generations and now maize is cultivated across all the continents. "We know that the appearance of the plants changed significantly during this time and, for example, the cobs have become much bigger and more prolific," explains Prof. Dr. Frank Hochholdinger from the Institute of Crop Science and Resource Conservation (INRES) at the University of Bonn. "Up to now relatively little has been known, however, about how the root system developed over this period of domestication and afterwards."

Roots in paper cigars

This has now changed thanks to the new study. Over the last eight years, the participating research groups have investigated around 9,000 varieties of maize and 170 varieties of teosinte around the world. The researchers collected seeds and placed them onto special brown paper, which was then rolled into a cigar shape and stored upright in narrow glass beakers. "Around 14 days after germination, we unrolled the paper so that we could observe the early development of the roots without the interference of any soil adhered to them," says Hochholdinger. In cooperation with a research group headed by Dr. Robert Koller (Forschungszentrum Julich), the researchers also studied root growth in soil. They used a method that is more commonly known from the field of medicine for this purpose -- magnetic resonance imaging.

The results showed how the root structure has radically changed during the domestication of teosinte to cultivated maize. "In the maize varieties, we often find seminal roots shortly after germination -- with as many as ten or more of these roots in some varieties," explains Dr. Peng Yu, who is head of an Emmy Noether research group at INRES and has recently accepted the offer of a professorship at TU Munich. "This is not the case with teosinte." Seminal roots give the seedlings an initial advantage under optimal conditions: They enable them to absorb large amounts of nutrients from the soil very rapidly. "However, we noticed that another type of root -- the lateral roots -- suffer as a consequence," says Yu.

Lateral roots are especially important for the uptake of water because they greatly enlarge the root surface. This is probably the reason why the number of seminal roots varies considerably depending on the variety: Maize varieties that have adapted to dry conditions grow significantly fewer seminal roots and more lateral roots. When breeding these varieties, farmers in the past were unknowingly selecting plants that have led to the development of this root structure.




160 candidate genes identified

The researchers also investigated which genetic material was responsible for the growth of seminal roots and were able to identify more than 160 candidate genes. "We then studied one of these genes named ZmHb77 in more detail," says Hochholdinger. "We noticed that plants with this gene grew more seminal and at the same time fewer lateral roots."

The researchers deliberately switched off this gene in some plants and were able to change the root structure so that they could better tolerate periods of drought. "This gene is thus important for breeding drought-tolerant varieties," explains the researcher. "In view of climate change, these varieties will become increasingly important if we want to avoid more and more crop failures in the future."

The study is also a good example of successful international cooperation: Researchers from 20 different research groups participated in the work. "The cooperation with the research group headed by Tianyu Wang at the Chinese Academy of Agricultural Sciences was especially important," emphasizes Hochholdinger. "He investigated countless varieties of maize that are cultivated in different regions throughout China. On the other hand, the work to analyze which genes frequently occur in which regions was carried out by our US partners from Pennsylvania State University. Among other things, the researchers there used a special simulation software to investigate the role played by the availability of water."

The following institutions participated in the study: University of Bonn, Chinese Academy of Agricultural Sciences, Pennsylvania State University (USA), Southwest University Chongqing (China), Institute of Natural Resources and Agrobiology of Seville (Spain), Pablo de Olavide University (Spain), Forschungszentrum Julich, Leibniz Institute of Plant Genetics and Crop Plant Research, University of Florida (USA), University of Bologna (Italy), Technical University of Munich, UCLouvain (Universite catholique de Louvain/Belgium), China Agricultural University and Iowa State University (USA).

The research was funded by, among others, the German Research Foundation (DFG), the National Science Foundation (NSF), the National Key Research and Development Program of China and the U.S. Department of Agriculture.
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Signatures of heart attack | ScienceDaily
Improving the outcome of patients after a heart attack is one of the major challenges of cardiology. This includes a comprehensive understanding of the pathophysiology and early detection of those patients who have a high risk of an unfavorable outcome. Researchers at LMU University Hospital, Helmholtz Munich and other institutions have now used high-tech biomedical and bioinformatics methods to comprehensively map the immune response to myocardial infarction in humans and identify signatures that correlate with the clinical course of the disease. The results of this groundbreaking work were published in the scientific journal Nature Medicine.


						
In Germany alone, around 300,000 people suffer a heart attack every year. The treatment of patients has significantly improved throughout the recent decades. Nevertheless, many of those affected develop heart failure after the event because the heart muscle does not recover.

According to findings from animal studies, the inflammatory reaction plays an important role after an infarction and has a decisive influence on whether the functions of the heart muscle are restored. "A misdirected or excessive immune response can jeopardize the recovery of the heart function," says Dr. Kami Pekayvaz, lead author of the new study and clinician scientist at Department of Medicine I at LMU University Hospital, LMU Munich.

A team led by him, Viktoria Knottenberg, PD Dr. Leo Nicolai and Prof. Konstantin Stark from the Medical Clinic I of the LMU Hospital Munich and Corinna Losert and Dr. Matthias Heinig from Helmholtz Munich has analyzed for the first time how the immune system reacts to a heart attack in humans. The researchers examined the blood samples of heart attack patients who were treated at the LMU Hospital and showed different clinical outcomes.

Atlas of immune responses

The immune cells in the blood were analyzed cell by cell with regard to their RNA expression profile. RNA is produced when cells translate the information of their genes into proteins -- a so-called transcriptome analysis can reveal the current state and characteristics of a cell. In addition, the blood plasma was examined for various substances using protein analyses, which provide details on the inflammatory and other processes. These analyses are among the most modern possible methods, so-called multi-omics methods.

A specific bioinformatics technique (MOFA, for Multi-Omics Factor Analysis) recognized overarching patterns in the mass of data obtained. "This method is ideal for identifying and summarizing many smaller effects that are coordinated in the same direction," says Dr. Matthias Heinig, head of a bioinformatics working group at Helmholtz Munich. This made it possible to create an atlas of immune responses after a heart attack. "These patterns can explain differences between the clinical and temporal courses of the patients," says Prof. Konstantin Stark, Senior Consultant in Cardiology at the LMU Hospital. This means that certain of these "immune signatures" are associated with a better recovery of heart function, others with a worse one.

This atlas of the immune response in myocardial infarction is highly relevant for further basic cardiovascular research and potentially indicates that multi-omics analyses of blood samples could be used to predict the clinical course of a heart attack patient. However, the concept of MOFA-based diagnostics in cardiovascular diseases must be tested in further studies -- and this is what the Munich researchers intend to do in the coming years.
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Cuddled cows who work as therapy animals showed a strong preference for women compared to men, study finds | ScienceDaily

In turn, the research, which opens a new era on whether some therapies may be initially stronger based upon gender and not procedure, highlighted that the women also reported greater attachment behaviours towards the steers.

Dr Katherine Compitus, Clinical Assistant Professor at New York University, and Dr Sonya Bierbower, Associate Professor at United States Military Academy West Point, conducted the research using the Human-Animal Interaction Scale (HAIS) as a measurement tool.

HAIS is a 24-item self-report instrument designed to describe and quantify behaviours performed by humans and nonhuman animals during an episode of interaction.

Enrichment benefits of cattle involved in bovine-assisted therapy

The scientists examined the behavioural and cognitive traits of cattle who work as therapy animals and special attention was paid to the welfare and enrichment benefits of cattle involved in bovine-assisted therapy.

Dr Compitus and Dr Bierbower, who conducted their study at the Surrey Hills Sanctuary in New York State, USA, with two steers -- named Magnus and Callum -- and 11 people aged 13 to 79, say little research has so far addressed the therapeutic benefits of animal-assisted interventions with farm animals.




Of the research sample, six were females and five were males.

Dr Compitus said, "We have discovered in the current study that bovine-assisted therapy may not only be an effective treatment model that benefits human participants but appears to be enriching to the cattle participants as well, as shown by their proximity to and continuous interactions with humans."

Integrative model used in conjunction with other methods

Animal-assisted therapy (AAT) is an integrative model used in conjunction with other methods such as psychodynamic psychotherapy and cognitive behavioural therapy.

The most common AAT model, the scientists say, is when a companion animal, such as a dog or cat, is integrated into a therapeutic plan.

This model, they add, has been studied with a variety of populations and conditions, from treating substance abuse to autism, often with positive results.




Organizations that certify therapy animals will sometimes certify several species of animals to work as a therapeutic partner, such as llamas, miniature horses, and rabbits.

However, to date there has been little research addressing the therapeutic benefits of animal-assisted interventions with farm animals. Cows have special behavioural traits that allow them to bond with people in a way that is unique to their size and temperament.

Dr Bierbower said, "Two of the gaps in the research we address in this study are the inclusion of cattle in AAT and an examination of the cognitive processes of animals involved in AAT."

Cattle that enjoy human company will have reduced stress signals

Cattle that are uncomfortable with a human presence, the researchers suggest, will show an increase in stress signals such as vocalizations when involved in therapy work, while cattle that enjoy human company will have reduced stress signals.

Other notable behaviours in cattle during AAT may include lying down and licking or smelling the person. This is indicative of their comfort level with humans since cows are known to engage in social grooming.

With the two cattle in the study, Dr Compitus and Dr Bierbower found that after 45 minutes of contact with the humans, Magnus and Callum often smelled or licked them and accepted food from them.

They also allowed physical human-initiated interactions in the form of hugs, grooming, petting, or kisses.

The animals rarely made unfriendly or aggressive gestures towards them, though they would occasionally decline to interact.

One participant stated that she was worried the bulls would be more aggressive but "fell in love with cows" after the session. All participants reported having an overall positive session with the steers and most stated they would recommend bovine assisted therapy to a friend.

Strong preference or interactions with women compared to men

Dr Compitus said, "The results of this study show that the steers showed a strong preference or interactions with women compared to men, and, in turn, the women reported stronger attachment behaviours towards the steers.

"It is unclear without further testing whether the animals sought out the attention of women in general or if the women were more likely to initiate the actions when compared to the men participants."

The scientists conclude that they discovered in the study that bovine-assisted therapy may not only be an effective treatment model that benefits human participation but appears to be enriching to the cattle participants, as well, as shown by their proximity to and continuous interactions with humans.
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Flexible film senses nearby movements -- featured in blink-tracking glasses | ScienceDaily
I'm not touching you! When another person's finger hovers over your skin, you may get the sense that they're touching you, feeling not necessarily contact, but their proximity. Similarly, researchers reporting in ACS Applied Materials & Interfaces have designed a soft, flexible film that senses the presence of nearby objects without physically touching them. The study features the new sensor technology to detect eyelash proximity in blink-tracking glasses.


						
Noncontact sensors can identify or measure an object without directly touching it. Examples of these devices include infrared thermometers and vehicle proximity notification systems. One type of noncontact sensor relies on static electricity to detect closeness and small motions, and has the potential to enhance smart devices, such as allowing phone screens to recognize more finger gestures. So far, however, they've been limited in what types of objects get detected, how long they stay charged and how hard they are to fabricate. So, Xunlin Qiu, Yiming Wang, Fuzhen Xuan and coworkers wanted to create a flexible static electricity-based sensor that overcame these problems.

The researchers began by simply fabricating a three-part system: fluorinated ethylene propylene (FEP) for the top sensing layer, with an electrically conductive film and flexible plastic base for the middle and bottom layers, respectively. FEP is an electret, a type of material that's electrically charged and produces an external electrostatic field, similar to the way a magnet produces a magnetic field. Then they electrically charged the FEP-based sensor making it ready for use.

As objects approached the FEP surface, their inherent static charge caused an electrical current to flow in the sensor, thereby "feeling" the object without physical contact. The resulting clear and flexible sensor detected objects -- made of glass, rubber, aluminum and paper -- that were nearly touching it but not quite, from 2 to 20 millimeters (less than an inch) away. The sensor held its charge for over 3,000 different approach-withdraw cycles over almost two hours.

In a demonstration of the new sensing film, the researchers attached it to the inner side of an eyeglass lens. When worn by a person, the glasses noticed the approach of eyelashes and identified when the wearer blinked Morse code for "E C U S T," the abbreviation for the researchers' institution. In the future, the researchers say their noncontact sensors could be used to help people who are unable to speak or use sign language communicate or even detect drowsiness when driving.

The authors acknowledge funding from Natural Science Foundation of China Grants, Shanghai Pilot Program for Basic Research, the "Chenguang Program" supported by the Shanghai Education Development Foundation and Shanghai Municipal Education Commission, National Key Research and Development Program of China, Natural Science Foundation of Shanghai, and the Open Project of State Key Laboratory of Chemical Engineering.
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Milk from before antibiotic era were resistant to antibiotic tetracycline | ScienceDaily
Sometime in the 1940s or so, someone in what is now the Department of Pathobiology and Veterinary Science got a lyophilizer, a piece of equipment that freeze-dries samples, says Director of the Connecticut Veterinary Medical Diagnostic Laboratory (CVMDL) Dr. Guillermo Risatti. Risatti explains that at that time, the microbiology lab was very active in testing milk for the dairy farms in the region. With an exciting new piece of equipment, it seems they started lyophilizing hundreds of samples.


						
The samples have been in storage ever since. Beyond the scant details that these are milk samples containing Streptococcus bacteria from the 1940s, Risatti explains that he and his colleagues -- CVMDL Research Associate Dr. Zeinab Helal, Ji-Yeon Hyeon (now at College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea), and Dong-Hun Lee (also now at College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea) -- were interested in exploring their microbial history.

Risatti says that over the years, the data was lost, so researchers don't have precise details of the provenance of the samples. But knowing a bit of history about the department, they can deduce some information.

"We believe that most of them came from Connecticut or perhaps from cases from the region, but we cannot say which parts," Risatti says. "Most likely, this lab provided a testing service to locals, as this was mainly a pathology lab. Now it's more like a diagnostic lab, and we receive samples from all over the region, including New York and New Jersey."

Learning about what these historical samples hold could help with research in unexpected ways, but the first step is piecing together the lost details. To do this, Risatti explains that the team established a workflow using standard techniques to streamline processes to analyze the visual characteristics, called phenotype, and to analyze their genotype with genomic sequencing.

Different species of Streptococcus use different strategies to inflict disease in the organisms they infect. These virulence factors are used to differentiate one species of Streptococcus from another and are one way to distinguish samples through phenotypic analysis. Another phenotypic analysis includes testing bacteria for their susceptibility to antibiotics.

The researchers started with 50 samples collected from 1941 to 1947, and they found that the samples contained seven different Streptococcus species, including two subspecies of S. dysgalactiae. Interestingly, the researchers found some of the samples were resistant to the antibiotic tetracycline and did not carry antibiotic resistance genes typically seen in today's antibiotic-resistant bacterial strains. Since these samples were collected prior to the antibiotic era, the results add to a growing body of literature showing that antibiotic resistance occurred naturally before humans discovered and began to use antibiotics.




"Antibiotic resistance is a very big area of research, and it has been for many years," says Risatti. "We did not go any further with our analysis because we don't have the tools here, but we hope to bring this information to the public. I think it could be the jumpstart for somebody to study further."

Risatti explains the hope is to partner with large agencies like the CDC and the Department of Public Health to help bolster antibiotic resistance research.

In developing the workflow, Risatti also praised the work of students Jillian Baron '24 (CAHNR) and Patricia Arceta '24 (CAHNR):

"This is a good platform for undergraduate students to gain experience and publish their findings. I am surprised by how eager these young people are. I am glad we can provide the space to do these things."

With an eye toward the future, Risatti is excited about potential future collaborations: "I hope that people can see a link between what we do at CVMDL and human health."
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Naturally occurring substance in pomegranates can improve treatment of Alzheimer's disease | ScienceDaily
A substance naturally occurring in i.a. pomegranates, strawberries and walnuts can improve memory and treatment of Alzheimer's disease, a new study conducted at the University of Copenhagen concludes.


						
Forgetfulness, difficulty finding words and confusion about time and place. These are some of the most common symptoms of Alzheimer's disease.

Now researchers at the University of Copenhagen have discovered that an ordinary fruit can help.

"Our study on mouse models with AD shows that urolithin A, which is a naturally occurring substance in i.a. pomegranates, can alleviate memory problems and other consequences of dementia," says Vilhelm Bohr, who is Affiliate Professor at the Department of Cellular and Molecular Medicine at the University of Copenhagen and prevoiusly Department Chair at the US National Institute on Aging.

This is good news for patients with dementia -- a disease that is difficult to treat.

"Even though the study was conducted on mouse models, the prospects are positive. So far, research has shown promising results for the substance in the muscles, and clinical trials on humans are being planned."

Substance improves brain function

The researchers previously discovered that a specific molecule, nicotinamide riboside (NAD supplement), plays a key role in neurodegenerative diseases such as Alzheimer's and Parkinson's, as it actively helps remove damaged mitochondria from the brain.




"Many patients with neurodegenerative diseases experience mitochondrial dysfunction, also known as mitophagy. This means that the brain has difficulties removing weak mitochondria, which thus accumulate and affect brain function. If you are able to stimulate the mitophagy process, removing weak mitochondria, you will see some very positive results," Vilhelm Bohr explains.

The results of the new study show that a substance found in pomegranates, urolithin A, removes weak mitochondria from the brain just as effectively as NAD supplement.

Possible preventive effect 

The researchers still don't know how much urolithin A is needed to improve memory and alleviate symptoms of i.a. Alzheimer's.

"We still cannot say anything conclusive about the dosage. But I imagine that it is more than a pomegranate a day. However, the substance is already available in pill form, and we are currently trying to find the right dosage," Vilhelm Bohr says.

He also hopes the substance can be used for preventive purposes with no significant side effects.

"The advantage of working with a natural substance is the reduced risk of side effects. Several studies so far show that there are no serious side effects of NAD supplementation. Our knowledge of urolithin A is more limited, but as I mentioned, clinical trials with Urolithin A have been effective in muscular disease, and now we need to look at Alzheimers disease. ," he says and adds:

"If we are going to eat something in the future to reduce the risk of Alzheimer's, which we talk a lot about, we have to make sure there are no significant side effects."
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New insights into the degradation dynamics of organic material in the seafloor | ScienceDaily
The long-term deposition of organic material in sediments on the ocean floor is a key process in the global carbon cycle. The question of whether, from a chemical perspective, the deposited material is more similar to marine algae or the microorganisms that decompose the algal biomass is largely unresolved.


						
For their study, the team fed organic material labeled with 13C carbon -- either an algae-lipid mix or crude proteins -- and observed it in the laboratory for 400 days. The microbial communities originate from a sediment core obtained off Helgoland. The initial question was: What happens to fresh biomass and which microorganisms are involved in its processing? This was the first time that the formation of new biomass from secondary producers and its turnover was quantified more precisely.

The team has found that microbial communities can be stimulated by the addition of lipids and proteins and not only decompose fresh biomass that is easier to digest, but also decompose more of the old organic carbon that is otherwise difficult to break down. This new finding is relevant because the input of fresh organic matter is increased by human-made, climate-induced environmental changes, such as expanding low oxygen zones in the ocean, melting sea ice or glacier retreat.

"Our study is the first to link the degradation of labile organic matter to the growth of microbes and the consequences for the composition of the organic matter that is eventually buried in marine sediment. We were surprised to find that the addition of fresh organic matter had a disproportionately large and long-lasting effect on the degradation of old, supposed to be refractory organic matter," says Prof Jack Middelburg from Utrecht University (Netherlands), co-author of the study and Professor of Excellence in the Cluster of Excellence "The Ocean Floor -- Earth's Unexplored Interface" at MARUM. As part of this cluster's research, the study has provided crucial insights into the link between organic matter deposition events and the long-term preservation of organic carbon and thus connects the research units Receiver, Reactor and Recorder.

The input of fresh organic matter into the seafloor could increase due to climate-related changes in the environment. These will not only have a direct impact on the microorganisms living on and in the ocean floor, but also on the carbon cycle and thus on the feedback with the climate system in a way that is still largely unexplored.

MARUM produces fundamental scientific knowledge about the role of the ocean and the seafloor in the total Earth system. The dynamics of the oceans and the seabed significantly impact the entire Earth system through the interaction of geological, physical, biological and chemical processes. These influence both the climate and the global carbon cycle, resulting in the creation of unique biological systems. MARUM is committed to fundamental and unbiased research in the interests of society, the marine environment, and in accordance with the sustainability goals of the United Nations. It publishes its quality-assured scientific data to make it publicly available. MARUM informs the public about new discoveries in the marine environment and provides practical knowledge through its dialogue with society. MARUM cooperation with companies and industrial partners is carried out in accordance with its goal of protecting the marine environment.
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Streamlined microcomb design provides control with the flip of a switch | ScienceDaily
Light measurement devices called optical frequency combs have revolutionized metrology, spectroscopy, atomic clocks, and other applications. Yet challenges with developing frequency comb generators at a microchip scale have limited their use in everyday technologies such as handheld electronics.


						
In a study published in Nature Communications, researchers at the University of Rochester describe new microcomb lasers they have developed that overcome previous limitations and feature a simple design that could open the door to a broad range of uses.

What are microcombs?

Optical frequency combs generate a spectrum of light consisting of multiple coherent beams, each tuned to a different frequency or color, in evenly spaced distances. The resulting shape resembles the teeth on a hair comb. In recent years, scientists have been working to create miniaturized versions of this technology, or microcombs, that can fit on small chips.

But while scientists have made progress in prototyping microcombs, they have had limited success producing viable versions that can be applied in practical devices. Obstacles include low power efficiency, limited controllability, slow mechanical responses, and the need for sophisticated system pre-configuration.

A simplified approach

A team of researchers led by Qiang Lin, a professor in Rochester's Department of Electrical and Computer Engineering and at the Institute of Optics, created a unique approach to solve these challenges in a single device.




According to Jingwei Ling, an electrical and computer engineering PhD student in Lin's lab and the lead author of the paper, previous approaches usually rely on a single-wavelength laser injected into a nonlinear converter that can transfer the single wavelength into multiple wavelengths, forming the optical comb.

"We eliminated the single wavelength because that's going to degrade the system's efficiency," says Ling. "We instead have all the comb itself being amplified in a feedback loop inside the system, so all the wavelengths get reflected and enhanced inside a single element."

The simplicity of the "all in one" microcomb laser results in lower power demands, lower costs, high tunability, and a turnkey operation.

"It is easy to operate," says coauthor Zhengdong Gao, also an electrical and computer engineering PhD student in Lin's lab. "The previous methods make it hard to excite the comb, but with this method we only need to switch on the power source, and we can control the comb directly."

Hurdles remain for implementing these microcomb lasers, particularly with developing fabrication techniques to create such tiny components within the tolerances necessary for manufacturing. But the researchers are hopeful that their devices can be used for applications such as telecommunications systems and light detection and ranging (LiDAR) for autonomous vehicles.

The Defense Advanced Research Projects Agency and the National Science Foundation supported this research.
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Ethylene from CO2: Building-kit catalyst | ScienceDaily

Ethylene (ethene, C2H4) is an essential starting material for many products, including polyethylene and other plastics. Ethylene is produced industrially by the high-energy cracking and rectification of fossil feedstocks. The electrochemical conversion of CO2 to ethylene would be a promising route to reducing CO2 emissions while also saving energy and fossil resources.

CO2 is very stable, which makes it difficult to induce into reaction. With the use of electricity and catalysts, it is currently possible to convert it into C1 chemicals such as methanol and methane. The additional challenge in producing ethylene is that a bond must be formed between two carbon atoms. This has previously only been achieved with copper catalysts. Metal-free electrocatalysis would be advantageous because metals are a cost factor and can cause environmental problems.

A team led by Chengtao Gong and Fu-Sheng Ke at Wuhan University, China, has now developed a metal-free electrocatalyst for the conversion of CO2 to ethylene. The catalyst is based on a nitrogen-containing covalent organic framework (COF). COFs are a new class of porous, crystalline, purely organic materials with defined topology. In contrast to metal-organic frameworks (MOFs), they require no metal ions to hold them together. Their pore sizes and chemical properties can be tuned over a wide range through selection of the building blocks.

The new COF contains nitrogen atoms with a special electron configuration (sp3 hybridization) as catalytically active centers. These sp3 nitrogen centers bind the individual building blocks into a framework through an aminal link (two amino groups bound to one carbon atom). In contrast to COFs with a classic imine-linkage (-C=N-), aminal COFs have strict requirements regarding the lengths and angles of the bonds between building blocks, which causes the frameworks to be formed through ring closures. The researchers found a suitable combination by using piperazine (a six-membered ring made of four carbon and two nitrogen atoms) and a building block made of three aromatic, six-membered carbon rings. When used as electrodes, their new COFs demonstrated high selectivity and performance (Faraday efficiency up to 19.1%) for the production of ethylene. Success of the aminal COFs is due to the high density of active sp3-nitrogen centers, which both very effectively capture CO2and transfer electrons. This results in a high concentration of excited intermediates that can undergo C-C coupling. In contrast, a variety of imine-linked COFs, which contain sp2 nitrogen instead of sp3, were similarly tested and produced no ethylene. This proves the importance of proper electron configuration for the electrochemical reduction of CO2 to ethylene.
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New tool may help prioritize high-risk infants for RSV immunization | ScienceDaily
On the heels of a shortage of nirsevimab for infant respiratory syncytial virus (RSV) lower respiratory tract infection (LRTI) prevention, a new tool may help identify newborns at highest risk for developing serious RSV LRTI, according to research published at the ATS 2024 International Conference.


						
"Timely identification of infants at highest risk of RSV-related morbidity is key to prevention," said lead author Brittney M. Snyder, PhD, assistant professor, Division of Allergy, Pulmonary and Critical Care Medicine, Vanderbilt University Medical Center. "Our personalized risk prediction tool may have applications in allocating expensive and/or limited immunoprophylaxis (immunization with nirsevimab or palivizumab) to achieve the greatest benefit and in promoting RSV prevention among families with high-risk infants."

More than half of RSV LRTIs are among healthy, term infants who are generally considered low risk. These infants are, in fact, at risk for requiring intensive care unit -level care, and some may die from their illness. Early immunization with nirsevimab is recommended for all infants by the Centers for Disease Control & Prevention, yet in October 2023 nirsevimab was in short supply and the CDC recommended giving it only to high-risk infants who weren't eligible for immunization with palivizumab.Both products, which prevent RSV LRTI in newborns and young children, are monoclonal antibodies (nirsevimab is long-acting and only requires one dose, while palivizumab is short-acting and requires monthly injections during RSV season).

In the population-based study by Dr. Snyder and colleagues including children insured by the Tennessee Medicaid Program, the researchers assessed infants who did not receive RSV immunoprophylaxis in the first year of life. They gathered demographic and clinical data from administrative health care encounters and linked birth certificates. "To predict whether these infants developed severe RSV LRTI requiring ICU admission during the first year of life, we developed a multivariable logistic regression model. The model includes demographic and clinical variables collected at or shortly after birth-19 variables in all, such as prenatal smoking, delivery method, maternal age and assisted breathing (ventilation) during birth hospitalization," said lead biostatistician Tebeb Gebretsadik, MPH, Department of Biostatistics, Vanderbilt University Medical Center.

Among 429,365 infants in the study, 713 had severe RSV LRTI requiring ICU admission. The tool had good predictive accuracy and internal validation that indicated a good fit.

"Our objective was to develop a personalized tool for use in all newborns using readily available birth and postnatal data to predict risk of RSV LRTI requiring ICU admission, useful for prioritizing RSV prevention products with limited availability," said Principal Investigator Tina V. Hartert, MD, MPH, professor of medicine and pediatrics at Vanderbilt University Medical Center. Even though the recent nirsevimab shortage has, fortunately, eased up, it is not known whether shortages will occur in the future. "This tool may be particularly helpful in prioritizing which infants should be immunized during times of limited availability of RSV prevention medicines. Using the tool to identify if their infant is at high risk for RSV infection requiring ICU care may also persuade vaccine-hesitant families to accept RSV immunoprophylaxis, by showing them their newborn is at high risk," she added.

"To ensure compatibility with nirsevimab and maternal vaccination, our tool was developed for use in all infants," concluded co-author Niek Achten, MD, postdoctoral fellow in pediatrics, Erasmus University Medical Center, Rotterdam, Netherlands, who imagined the need for such a tool. "In addition to use in the United States during times of limited availability, our tool may prove useful in countries with budgetary constraints needing to prioritize administration to the highest risk infants."

The authors note that next steps to ensure optimal usefulness include validation of the tool in external populations, further cost-effectiveness analyses and decision curve analyses.
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Study finds widespread 'cell cannibalism,' related phenomena across tree of life | ScienceDaily
In a new review paper, Carlo Maley and Arizona State University colleagues describe cell-in-cell phenomena in which one cell engulfs and sometimes consumes another. The study shows that cases of this behavior, including cell cannibalism, are widespread across the tree of life.


						
The findings challenge the common perception that cell-in-cell events are largely restricted to cancer cells. Rather, these events appear to be common across diverse organisms, from single-celled amoebas to complex multicellular animals.

The widespread occurrence of such interactions in non-cancer cells suggests that these events are not inherently "selfish" or "cancerous" behaviors. Rather, the researchers propose that cell-in-cell phenomena may play crucial roles in normal development, homeostasis and stress response across a wide range of organisms.

The study argues that targeting cell-in-cell events as an approach to treating cancer should be abandoned, as these phenomena are not unique to malignancy.

By demonstrating that occurrences span a wide array of life forms and are deeply rooted in our genetic makeup, the research invites us to reconsider fundamental concepts of cellular cooperation, competition and the intricate nature of multicellularity. The study opens new avenues for research in evolutionary biology, oncology and regenerative medicine.

The new research, published in the Nature journal Scientific Reports, is the first to systematically investigate cell-in-cell phenomena across the tree of life. The group's findings could help redefine the understanding of cellular behavior and its implications for multicellularity, cancer and the evolutionary journey of life itself.

"We first got into this work because we learned that cells don't just compete for resources -- they actively kill and eat each other," Maley says. "That's a fascinating aspect of the ecology of cancer cells. But further exploration revealed that these phenomena happen in normal cells, and sometimes neither cell dies, resulting in an entirely new type of hybrid cell."

Maley is a researcher with the Biodesign Center for Biocomputing, Security and Society; professor in the School of Life Sciences at ASU; and director of the Arizona Cancer Evolution Center.




The study was conducted in collaboration with first author Stefania E. Kapsetaki, formerly with ASU and now a researcher at Tufts University, and Luis Cisneros, formerly with ASU and currently a researcher at Mayo Clinic.

From selfish to cooperative cell interactions

Cell-in-cell events have long been observed but remain poorly understood, especially outside the context of immune responses or cancer. The earliest genes responsible for cell-in-cell behavior date back over 2 billion years, suggesting the phenomena play an important, though yet-to-be-determined, role in living organisms. Understanding the diverse functions of cell-in-cell events, both in normal physiology and disease, is important for developing more effective cancer therapies.

The review delves into the occurrence, genetic underpinnings and evolutionary history of cell-in-cell phenomena, shedding light on a behavior once thought to be an anomaly. The researchers reviewed more than 500 articles to catalog the various forms of cell-in-cell phenomena observed across the tree of life.

The study describes 16 different taxonomic groups in which cell-in-cell behavior is found to occur. The cell-in-cell events were classified into six distinct categories based on the degree of relatedness between the host and prey cells, as well as the outcome of the interaction (whether one or both cells survived).

A spectrum of cell-in-cell behaviors are highlighted in the study, ranging from completely selfish acts, where one cell kills and consumes another, to more cooperative interactions, where both cells remain alive. For example, the researchers found evidence of "heterospecific killing," where a cell engulfs and kills a cell of a different species, across a wide range of unicellular, facultatively multicellular, and obligate multicellular organisms. In contrast, "conspecific killing," where a cell consumes another cell of the same species, was less common, observed in only three of the seven major taxonomic groups examined.




Obligate multicellular organisms are those that must exist in a multicellular form throughout their life cycle. They cannot survive or function as single cells. Examples include most animals and plants. Facultative multicellular organisms are organisms that can exist either as single cells or in a multicellular form depending on environmental conditions. For example, certain types of algae may live as single cells in some conditions but form multicellular colonies in others.

The team also documented cases of cell-in-cell phenomena where both the host and prey cells remained alive after the interaction, suggesting these events may serve important biological functions beyond just killing competitors.

"Our categorization of cell-in-cell phenomena across the tree of life is important for better understanding the evolution and mechanism of these phenomena," Kapsetaki says. "Why and how exactly do they happen? This is a question that requires further investigation across millions of living organisms, including organisms where cell-in-cell phenomena may not yet have been searched for."

Ancient genes

In addition to cataloging the diverse cell-in-cell behaviors, the researchers also investigated the evolutionary origins of the genes involved in these processes. Surprisingly, they found that many of the key cell-in-cell genes emerged long before the evolution of obligate multicellularity.

"When we look at genes associated with known cell-in-cell mechanisms in species that diverged from the human lineage a very long time ago, it turns out that the human orthologs (genes that evolved from a common ancestral gene) are typically associated with normal functions of multicellularity, like immune surveillance," Cisneros says.

In total, 38 genes associated with cell-in-cell phenomena were identified, and 14 of these originated over 2.2 billion years ago, predating the common ancestor of some facultatively multicellular organisms. This suggests that the molecular machinery for cell cannibalism evolved before the major transitions to complex multicellularity.

The ancient cell-in-cell genes identified in the study are involved in a variety of cellular processes, including cell-cell adhesion, phagocytosis (engulfment), intracellular killing of pathogens and regulation of energy metabolism. This diversity of functions indicates that cell-in-cell events likely served important roles even in single-celled and simple multicellular organisms well before the emergence of complex multicellular life.
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Conservation of nature's strongholds needed to halt biodiversity loss | ScienceDaily
To achieve global biodiversity targets, conservationists and governments must prioritize the establishment and effective management of large, interconnected protected areas with high ecological integrity, John G. Robinson from the Wildlife Conservation Society, US, and colleagues argue in an essay publishing May 21 in the open-access journal PLOS Biology.


						
The Kunming-Montreal Global Biodiversity Framework (GBF), signed at the 2022 Conference of Parties to the UN Convention on Biological Diversity in Montreal, recognized the importance of protecting large areas of natural habitat to maintain the resilience and integrity of ecosystems. To halt biodiversity loss, these protected and conserved areas need to be in the right places, connected to one another, and well managed. One of the GBF targets is to protect at least 30% of the global land and ocean by 2030, known as the 30x30 target.

To achieve GBF targets, the authors propose prioritizing large, interconnected protected areas with high ecological integrity, that are effectively managed and equitably governed. They emphasize the importance of conserving landscapes at scales large enough to encompass functioning ecosystems and the biodiversity they contain. In many cases, this will require interconnected groups of protected areas that are managed together. Effective governance means that the diversity of stakeholders and rights holders are recognized and that the costs and benefits are shared equitably between them. The authors argue that protected and conservation areas that meet all four criteria -- which they name "Nature's Strongholds" -- will be disproportionately important for biodiversity conservation. They identify examples of Nature's Strongholds in the high-biodiversity tropical forest regions of Central Africa and the Amazon.

By applying the four criteria presented in this essay to identify Nature's Strongholds around the world, governments and conservationists can coordinate their efforts to best address threats to biodiversity, the authors say.

The authors add, "'Nature's Strongholds' -- large, interconnected, ecologically intact areas that are well managed and equitably governed -- are identified in Amazonia and Central Africa. The approach offers an effective way to conserve biodiversity at a global scale."
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Body lice may be bigger plague spreaders than previously thought | ScienceDaily
A new laboratory study suggests that human body lice are more efficient at transmitting Yersinia pestis, the bacterium that causes plague, than previously thought, supporting the possibility that they may have contributed to past pandemics. David Bland and colleagues at the United States' National Institute of Allergy and Infectious Diseases present these findings in the open-access journal PLOS Biology on May 21.


						
Y. pestis has been the culprit behind numerous pandemics, including the Black Death of the Middle Ages that killed millions of people in Europe. It naturally cycles between rodents and fleas, and fleas sometimes infect humans through bites; thus, fleas and rats are thought to be the primary drivers of plague pandemics. Body lice -- which feed on human blood -- can also carry Y. pestis, but are widely considered to be too inefficient at spreading it to contribute substantially to outbreaks. However, the few studies that have addressed lice transmission efficiency have disagreed considerably.

To help clarify the potential role of body lice in plague transmission, Bland and colleagues conducted a series of laboratory experiments in which body lice fed on blood samples containing Y. pestis. These experiments involved the use of membrane feeders, which simulate warm human skin, enabling scientists to study transmission potential in a laboratory setting.

They found that the body lice became infected with Y. pestis and were capable of routinely transmitting it after feeding on blood containing levels of the pathogen similar to those found in actual human plague cases.

They also found that Y. pestis can infect a pair of salivary glands found in body lice known as the Pawlowsky glands, and lice with infected Pawlowsky glands transmitted the pathogen more consistently than lice whose infection was limited to their digestive tract. It is thought that Pawlowsky glands secrete lubricant onto the lice's mouthparts, leading the researchers to hypothesize that, in infected lice, such secretions may contaminate mouthparts with Y. pestis, which may then spread to humans when bitten.

These findings suggest that body lice may be more efficient spreaders of Y. pestis than previously thought, and they could have played a role in past plague outbreaks.

The authors add, "We have found that human body lice are better at transmitting Yersinia pestis than once appreciated and achieve this in more than one way. We describe a new bite-based mechanism in which a set of accessory salivary glands unique to lice, termed the Pawlowsky glands, become infected with Y. pestis and secrete lubricant containing plague bacilli onto the insect's mouthparts prior to blood feeding."
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Alaska's rusting waters: Pristine rivers and streams turning orange | ScienceDaily
Dozens of Alaska's most remote streams and rivers are turning from a crystal clear blue into a cloudy orange, and the staining could be the result of minerals exposed by thawing permafrost, new research in the Nature journal Communications: Earth and Environment finds.


						
For the first time, a team of researchers from the National Park Service, U.S. Geological Survey, the University of California, Davis, and other institutions have documented and sampled some of the impaired waters, pinpointing 75 locations across a Texas-sized area of northern Alaska's Brooks Range.

These degraded rivers and streams could have significant implications for drinking water and fisheries in Arctic watersheds as the climate changes, the researchers said.

"The more we flew around, we started noticing more and more orange rivers and streams," said lead author Jon O'Donnell, an ecologist for the NPS' Arctic Inventory and Monitoring Network. "There are certain sites that look almost like a milky orange juice.

Those orange streams can be problematic both in terms of being toxic but might also prevent migration of fish to spawning areas."

Visible from space

O'Donnell first noticed an issue when he visited a river in 2018 that appeared rusty despite having been clear the year prior. He began asking around and compiling locations while grabbing water samples when possible in the remote region, where helicopters are generally the only way to access the rivers and streams.




"The stained rivers are so big we can see them from space," said Brett Poulin, an assistant professor of environmental toxicology at UC Davis who was a principal investigator in the research. "These have to be stained a lot to pick them up from space."

Poulin, whose expertise is in water chemistry, thought the staining looked similar to what happens with acid mine drainage, except no mines are near any of the impaired rivers, including along the famed Salmon River and other federally protected waters.

One hypothesis is that the permafrost, which is essentially frozen ground, stores minerals and as the climate warmed, the metal ores that were once locked up were exposed to water and oxygen, resulting in the release of acid and metals.

"Chemistry tells us minerals are weathering," Poulin said. "Understanding what's in the water is a fingerprint as to what occurred."

The impacted rivers are on federal lands managed by Bureau of Land Management, Fish and Wildlife Service and NPS, including Gates of the Arctic and Kobuk Valley national parks.

Poulin and Ph.D. candidate Taylor Evinger analyzed initial samples, then collected their own on a trip last August, while others took samples in June and July. This year, they will take three trips during the summer to collect additional samples.




Acidic water releasing metals

Some samples from the impaired waters have a pH of 2.3 compared to the average pH of 8 for these rivers. This means the sulfide minerals are weathering, resulting in highly acidic and corrosive conditions that release additional metals. Elevated or high levels of iron, zinc, nickel, copper and cadmium have been measured.

"We see a lot of different types of metals in these waters," Evinger said. "One of the most dominant metals is iron. That's what is causing the color change."

While O'Donnell first noticed a change in 2018, satellite images have turned up stained waters dating back to 2008.

"The issue is slowly propagating from small headwaters into bigger rivers over time," he said. "When emergent issues or threats come about, we need to be able to understand them."

Understanding risk

The researchers are in the second year of a three-year grant aimed at understanding what is happening in the water, modeling what other areas may be at risk and assessing implications for drinking water and fishing stocks.

The problem is growing and affecting habitat, water quality and other ecological systems, turning healthy areas into degraded habitats with fewer fish and invertebrates. If rural communities rely on these rivers for drinking water, they could require treatment eventually, and the fishing stocks that feed local residents could be affected.

"There's a lot of implications," O'Donnell said. "As the climate continues to warm, we would expect permafrost to continue to thaw and so wherever there are these types of minerals, there's potential for streams to be turning orange and becoming degraded in terms of water quality."

More work is needed to better understand the problem and whether rivers and streams can rebound, perhaps after cold weather promotes permafrost recovery.

"I think there will be a lot more detailed work to follow up to address some of the uncertainties that we currently have," O'Donnell said.

Scientists from Alaska Pacific University, Colorado State University, University of Alaska Anchorage and UC Riverside also contributed to the research.

The research was funded by U.S. Geological Survey-NPS Water Quality Partnership program, the U.S. Geological Survey Changing Arctic Ecosystem Initiative and the NPS Arctic Inventory and Monitoring Program.
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New crystal production method could enhance quantum computers and electronics | ScienceDaily

"Bismuth has fascinated scientists for over a hundred years due to its low melting point and unique electronic properties," said Javier Sanchez-Yamagishi, assistant professor of physics & astronomy at UC Irvine and a co-author of the study. "We developed a new method to make very thin crystals of materials such as bismuth, and in the process reveal hidden electronic behaviors of the metal's surfaces."

The bismuth sheets the team made are only a few nanometers thick. Sanchez-Yamagishi explained how theorists have predicted that bismuth contains special electronic states allowing it to become magnetic when electricity flows through it -- something essential for quantum electronic devices based on the magnetic spin of electrons.

One of the hidden behaviors observed by the team is so-called quantum oscillations originating from the surfaces of the crystals. "Quantum oscillations arise from the motion of an electron in a magnetic field," said Laisi Chen, a Ph.D. candidate in physics & astronomy at UC Irvine and one of the lead authors of the paper. "If the electron can complete a full orbit around a magnetic field, it can exhibit effects that are important for the performance of electronics. Quantum oscillations were first discovered in bismuth in the 1930s, but have never been seen in nanometer-thin bismuth crystals."

Amy Wu, a Ph.D. candidate in physics in Sanchez-Yamagishi's lab, likened the team's new method to a tortilla press. To make the ultra-thin sheets of bismuth, Wu explained, they had to squish bismuth between two hot plates. To make the sheets as flat as they are, they had to use molding plates that are perfectly smooth at the atomic level, meaning there are no microscopic divots or other imperfections on the surface. "We then made a kind of quesadilla or panini where the bismuth is the cheesy filling and the tortillas are the atomically flat surfaces," said Wu.

"There was this nervous moment where we had spent over a year making these beautiful thin crystals, but we had no idea whether its electrical properties would be something extraordinary," said Sanchez-Yamagishi. "But when we cooled down the device in our lab, we were amazed to observe quantum oscillations, which have not been previously seen in thin bismuth films."

"Compression is a very common manufacturing technique used for making common household materials such as aluminum foil, but is not commonly used for making electronic materials like those in your computers," Sanchez-Yamagishi added. "We believe our method will generalize to other materials, such as tin, selenium, tellurium and related alloys with low melting points, and it could be interesting to explore for future flexible electronic circuits."

Next, the team wants to explore other ways in which compression and injection molding methods can be used to make the next computer chips for phones or tablets.

"Our new team members bring exciting ideas to this project, and we're working on new techniques to gain further control over the shape and thickness of the grown bismuth crystals," said Chen. "This will simplify how we fabricate devices, and take it one step closer for mass production."

The research team included collaborators from UC Irvine, Los Alamos National Laboratory and the National Institute for Materials Science in Japan. The research was primarily funded by the Air Force Office of Scientific Research, with partial support coming from the UC Irvine Center for Complex and Active Materials Seed Program, a Materials Research Science and Engineering Center under the National Science Foundation.
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Scientists create tailored drug for aggressive breast cancer | ScienceDaily
Scientists have used breast cancer cells' weakness against themselves by linking a tumour-selective antibody with a cell-killing drug to destroy hard-to-treat tumours.


						
The research, published today in Clinical Cancer Research by a team from King's College London and funded by Breast Cancer Now, marks a new method in cancer treatment.

The discovery is particular to triple negative breast cancer, which makes up 15% of all diagnosed breast cancer. This type of breast cancer is typically aggressive, resistant to chemotherapy, has a lower survival rate and is more common in women under 40.

Usual treatment involves surgery, chemotherapy and radiotherapy, however this type of cancer can evade the drugs and return to spread again.

The scientists conducted data analysis using over 6000 breast cancer samples to investigate the properties of breast cancer cells that are associated with aggressive and chemotherapy-resistant cancers.

They studied the cancer's biology, what is expressed in the tumour and the cell surface, and the cell's insides to understand how the cancer cells escape from cancer drugs. They established the presence of the cancer cell surface marker EGFR along with oncogenic molecules cyclin-dependent kinases (CDK), which are responsible for cell division and proliferation.

They used this knowledge against the cancer cells to link cetuximab, a tumour-selective antibody that targets the EGFR protein expressed in this type of cancer, with a CDK-blocking drug to create a tailored drug for breast cancer. Because the antibody drug conjugate specifically targets the cancer cell, it may be possible to administer a lower inhibitor dose than usual which means it's less toxic for the patient.




Lead author Professor Sophia Karagiannis, from King's College London, said: "We were on the hunt for cancer's vulnerabilities and now we've found out how we can guide our therapies to one of these. We combined these two drugs to create a tailored antibody drug conjugate for patients with this aggressive cancer. The antibody guides the toxic drug directly to the cancer cell which offers the possibility for a lower dose and less adverse side effects to be experienced.

"More work needs to be done before this therapy can reach the clinic, but we expect that this can offer new treatment options for cancers with unfavourable prognosis. Beyond this antibody drug conjugate, we hope that our concept will lead the way for new antibody drug conjugates of this type to be tailored to patient groups likely to benefit."

Lead research scientist Dr Anthony Cheung from King's College London said: ''Triple negative breast cancer represents a molecularly and clinically diverse disease. By exploiting EGFR overexpression and dysregulated cell cycle molecules in selected patient groups, the antibody drug conjugate, but not the antibody alone, could stop the cancer cell from dividing and engender cytotoxic functions specifically against the cancer cells.''

Dr Simon Vincent, director of services, support and influencing at Breast Cancer Now, which funded this research, said: "Each year, around 8,000 women in the UK are diagnosed with triple negative breast cancer, which is typically more aggressive than other breast cancers and more likely to return or spread following treatment.

"This exciting research has not only improved our understanding of the properties of aggressive breast cancer cells that are resistant to chemotherapy but has also brought us closer to developing a targeted therapy that destroys these cancer cells while minimising side effects for patients.

"While further research is needed before this treatment can be used in people, this is an exciting step forward in developing targeted therapies for triple negative breast cancer, and we look forward to seeing how these findings could lead to new and effective ways of tackling this devastating disease."
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Detecting odors on the edge: Researchers decipher how insects smell more with less | ScienceDaily
Whether it's the wafting aroma of our favorite meal or the dangerous fumes seeping from a toxic chemical, the human sense of smell has evolved into a sophisticated system that processes scents through several intricate stages. The brains of mammals have billions of neurons at their disposal to recognize odors they are exposed to, from pleasant to pungent.


						
Insects such as fruit flies, on the other hand, have a mere 100,000 neurons to work with. Yet their survival is dependent upon their ability to decipher the meaning of complex odor mixtures around them to locate food, seek potential mates and avoid predators. Scientists have pondered how insects are able to smell, or extract information from odors, with a much smaller olfactory sensory system compared with mammals.

Scientists at the University of California San Diego believe they have an answer to this puzzling question. Palka Puri, a physics Ph.D. student, together with Postdoctoral Scholar Shiuan-Tze Wu, Associate Professor Chih-Ying Su and Assistant Professor Johnatan Aljadeff (all in the Department of Neurobiology) have uncovered how fruit flies use a simple, efficient system to recognize odors.

"Our work sheds light on the sensory processing algorithms insects use to respond to complex olfactory stimuli," said Puri, the first author of the paper, published in the Proceedings of the National Academy of Sciences. "We showed that the specialized organization of insect sensory neurons holds the key to the puzzle -- implementing an essential processing step that facilitates computations in the central brain."

Previous investigations of the odor processing system in flies focused on the central brain as the main hub for processing odor signals. But the new study shows that the effectiveness of the insect's sensory capabilities relies on a "pre-processing" stage in the periphery of their sensory system, which prepares the odor signals for computations that occur later in the central brain region.

Flies smell through their antennae, which are replete with sensory hairs that detect elements of the environment around them. Each sensory hair usually features two olfactory receptor neurons, or ORNs, that are activated by different odor molecules in the environment. Intriguingly, ORNs in the same sensory hair are strongly coupled by electrical interactions.

"This scenario is akin to two current-carrying wires placed close together," explained Puri. "The signals carried by the wires interfere with each other through electromagnetic interactions."

In the case of the fly olfactory system, however, this interference is beneficial. The researchers showed that as flies encounter an odor signal, the specific pattern of interference between the receptors helps flies quickly compute the "gist" of the odor's meaning: "Is it good or bad for me?" The result of this preliminary evaluation in the periphery is then relayed to a specific region in the fly's central brain, where the information about odors present in the outside world is translated to a behavioral response.




The researchers constructed a mathematical model of how odor signals are processed by electrical coupling between ORNs. They then analyzed the wiring diagram ("connectome") of the fly brain, a large-scale dataset generated by scientists and engineers at Howard Hughes Medical Institute's research campus. This allowed Puri, Aljadeff and their colleagues to trace how odor signals from the sensory periphery are integrated in the central brain.

"Remarkably, our work shows that the optimal odor blend -- the precise ratio to which each sensory hair is most sensitive -- is defined by the genetically predetermined size difference between the coupled olfactory neurons," said Aljadeff, a faculty member in the School of Biological Sciences. "Our work highlights the far-reaching algorithmic role of the sensory periphery for the processing of both innately meaningful and learned odors in the central brain."

Aljadeff describes the system with a visual analogy. Like a specialized camera that can detect specific types of images, the fly has developed a genetically driven method to distinguish between images, or in this case, mixtures of odors.

"We discovered that the fly brain has the wiring to read the images from this very special camera to then initiate behavior," he said.

To arrive at these results, the research was integrated with previous findings from Su's lab that described the conserved organization of ORNs in the fly olfactory system into sensory hairs. The fact that signals carried by the same odor molecules always interfere with each other, in every fly, suggested to the researchers that this organization has meaning.

"This analysis shows how neurons in higher brain centers can take advantage of balanced computation in the periphery," said Su. "What really brings this work to another level is how much this peripheral pre-processing can influence higher brain function and circuit operations."

This work may inspire research into the role of processing in peripheral organs in other senses, such as sight or hearing, and help form a foundation for designing compact detection devices with the ability to interpret complex data.

"These findings yield insight into the fundamental principles of complex sensory computations in biology, and open doors for future research on using these principles to design powerful engineered systems," said Puri.
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Recycling carbon dioxide into household chemicals | ScienceDaily
A low-cost, tin-based catalyst can selectively convert carbon dioxide to three widely produced chemicals -- ethanol, acetic acid and formic acid.


						
Lurking within the emissions from many industrial operations is an untapped resource -- carbon dioxide (CO2). A contributor of greenhouse gas and global warming, it could instead be captured and converted to value-added chemicals.

In a collaborative project involving the U.S. Department of Energy's (DOE) Argonne National Laboratory, Northern Illinois University and Valparaiso University, scientists report a family of catalysts that efficiently converts CO2 into ethanol, acetic acid or formic acid. These liquid hydrocarbons are among the most produced chemicals in the U.S. and are found in many commercial products. For example, ethanol is a key ingredient in numerous household products and an additive to nearly all U.S. gasoline.

The catalysts are based on tin metal deposited over a carbon support. ?"If fully developed, our catalysts could convert the CO2 produced at various industrial sources to valuable chemicals," said Di-Jia Liu. ?"These sources include fossil fuel power plants and bio-fermentation and waste treatment facilities." Liu is a senior chemist at Argonne and a senior scientist in the Pritzker School of Molecular Engineering at the University of Chicago.

The method used by the team is called electrocatalytic conversion, meaning that CO2 conversion over a catalyst is driven by electricity. By varying the size of tin used from single atoms to ultrasmall clusters and also to larger nano-crystallites, the team could control the CO2 conversion to acetic acid, ethanol and formic acid, respectively. Selectivity for each of these chemicals was 90% or higher. ?"Our finding of a changing reaction path by the catalyst size is unprecedented," Liu said.

Computational and experimental studies revealed several insights into the reaction mechanisms forming the three hydrocarbons. One important insight was that the reaction path completely changes when the ordinary water used in the conversion is switched to deuterated water (deuterium is an isotope of hydrogen). This phenomenon is known as the kinetic isotope effect. It has never been previously observed in CO2 conversion.

This research benefited from two DOE Office of Science user facilities at Argonne -- the Advanced Photon Source (APS) and Center for Nanoscale Materials (CNM). ?"Using the hard X-ray beams available at the APS, we captured the chemical and electronic structures of the tin-based catalysts with different tin loadings," said Chengjun Sun, an Argonne physicist. In addition, the high spatial resolution possible with a transmission electron microscope at CNM directly imaged the arrangement of tin atoms, from single atoms to small clusters, with the different catalyst loadings.




According to Liu, ?"Our ultimate goal is to use locally generated electricity from wind and solar to produce desired chemicals for local consumption."

This would require integrating the newly discovered catalysts into a low-temperature electrolyzer to carry out the CO2 conversion with electricity supplied by renewable energy. Low-temperature electrolyzers can operate at near ambient temperature and pressure. This allows rapid start and stop to accommodate the intermittent supply of renewable energy. It is an ideal technology to serve this purpose.

"If we can selectively produce only the chemicals in need near the site, we can help to cut down on CO2 transport and storage costs," Liu noted. ?"It would truly be a win-win situation for local adopters of our technology."

Support for the research came from DOE's Office of Energy Efficiency and Renewable Energy under the Advanced Manufacturing Office, Industrial Efficiency & Decarbonization Office. Additional support was provided by Argonne's Laboratory Directed Research and Development fund.
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Legacy of Indigenous stewardship of camas dates back more than 3,500 years | ScienceDaily
An Oregon State University study found evidence that Indigenous groups in the Pacific Northwest were intentionally harvesting edible camas bulbs at optimal stages of the plant's maturation as far back as 3,500 years ago.


						
The findings contribute to the growing body of research around Traditional Ecological Knowledge and practices, demonstrating the care and specificity with which Indigenous groups have been stewarding and cultivating natural resources for millennia.

Camas is an ecological and cultural keystone, meaning it is a species that many other organisms depend on and that features prominently within many cultural practices.

"If you think about salmon as being a charismatic species that people are very familiar with, camas is kind of the plant equivalent," said Molly Carney, an assistant professor of anthropology in OSU's College of Liberal Arts and lead author on the study. "It is one of those species that really holds up greater ecosystems, a fundamental species which everything is related to."

An eye-catching blue flower that grows widely throughout the Pacific Northwest, camas is referred to in Indigenous calendars across the region, with the plant's growth stages used as a sort of seasonal benchmark. It is often included in traditional First Food ceremonies, in which tribal communities mark the coming of spring with the first salmon run or the first edible roots after a long winter, Carney said.

Camas bulbs must be baked for two to three days to render them edible. Once soft, the bulbs taste a bit like sweet potato, Carney said. Traditional baking was done in underground ovens using heated rocks.

The archaeological record Carney examined included the remains of these large pit ovens. After cooking the bulbs, Indigenous peoples had many ways to process camas and were able to store it for many months at a time. (Even Lewis and Clark's diaries mention eating camas they were given by Nez Perce tribal members.)

In the recent study, published in The Holocene, Carney looked at camas bulbs from the Willamette Valley in Oregon dating back 8,000 years to determine when in their life cycle they were harvested. Similar to how tree rings help to estimate how old a tree is, counting the interior leaf scales of a camas bulb lets you estimate its age. Camas grows to harvestable size in three to five years, depending on soil conditions.




Camas baking ovens from 4,400 years ago have been recorded at a Long Tom River archaeological site near Veneta, Ore., but for several thousand years, the bulbs appeared to have been harvested somewhat indiscriminately. Carney found that around 3,500 years ago, the bulbs started being harvested more selectively at the point when the plants were four or five years old and had reached sexual maturity.

This timing in the Late Holocene period lines up with broader climatic shifts in the region, the researchers noted, coming around the same time as low-magnitude fires became more commonplace in the landscape. Carney also studied lake-core evidence from the floor of Beaver Lake, collected by Central Washington University researcher Megan Walsh, that gives credence to the theory that controlled burns were used intentionally to create optimal conditions for camas and other plants starting 3,000 to 4,000 years ago.

Based on her research, Carney says it's clear that Native communities at the time were not selectively harvesting for the biggest possible bulbs, but rather stewarding camas to be sustainable over time.

"They were trying to maintain the age structure of these camas populations within a pretty narrow window," she said. "When I had the opportunity to harvest alongside tribal communities, as they harvest, they replant the smaller bulbs as they go. They're really sowing for future harvest, and that's what I think was happening here."

The shift from haphazard harvesting to selective stewardship among tribal communities appears to have occurred at approximately the same time throughout the Pacific Northwest, Carney said. And for the practice to be successful, it would have required community-wide agreement and cooperation to leave immature camas bulbs in the ground until the optimal harvest point, as well as to conduct the type of cultural burning necessary to maintain healthy growing spaces, the researchers note.

"We have these records showing that people were taking active roles in creating landscapes that fit their needs, and that they've been doing so for 3,500 years at least, based on these two proxies of camas and fire," Carney said. "That provides a powerful claim for restoring these practices."

Co-author on the study was Thomas Connolly from the Museum of Natural and Cultural History at the University of Oregon. The project was approved by the Confederated Tribes of Grand Ronde Historic Preservation Office.
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Drug-like inhibitor shows promise in preventing flu | ScienceDaily
Currently available flu medications only target the virus after it has already established an infection, but what if a drug could prevent infection in the first place? Now, scientists at Scripps Research and the Albert Einstein College of Medicine have designed drug-like molecules to do just that, by thwarting the first stage of influenza infection.


						
The drug-like inhibitors block the virus from entering the body's respiratory cells -- specifically, they target hemagglutinin, a protein on the surface of type A influenza viruses. The findings, published in the Proceedings of the National Academy of Sciences on May 16, 2024, represent an important step forward in developing a drug that can prevent influenza infection.

"We're trying to target the very first stage of influenza infection since it would be better to prevent infection in the first place, but these molecules could also be used to inhibit the spread of the virus after one's infected," says corresponding author Ian Wilson, DPhil, the Hansen Professor of Structural Biology at Scripps Research.

The inhibitors will need to be further optimized and tested before they can be assessed as antivirals in humans, but the researchers say that these molecules ultimately have the potential to help prevent and treat seasonal flu infections. And, unlike vaccines, the inhibitors likely wouldn't need to be updated yearly.

The researchers had previously identified a small molecule, F0045(S), with a limited capacity to bind and inhibit H1N1 type A influenza viruses.

"We began by developing a high-throughput hemagglutinin binding assay that allowed us to rapidly screen large libraries of small molecules and found the lead compound F0045(S) with this process," says corresponding author Dennis Wolan, PhD, senior principal scientist at Genentech and former associate professor at Scripps Research.

In this study, the team aimed to optimize F0045(S)'s chemical structure to design molecules with better drug-like properties and more specific binding ability to the virus. To start, the Wolan lab used "SuFEx click-chemistry," which was first developed by two-time Nobel laureate and co-author K. Barry Sharpless, PhD, to generate a large library of candidate molecules with various tweaks to F0045(S)'s original structure. When they screened this library, the researchers identified two molecules -- 4(R) and 6(R) -- with superior binding affinity compared to F0045(S).




Next, Wilson's lab produced X-ray crystal structures of 4(R) and 6(R) bound to the flu hemagglutinin protein so that they could identify the molecules' binding sites, determine the mechanisms behind their superior binding ability, and identify areas for improvement.

"We showed that these inhibitors bind much more tightly to the viral antigen hemagglutinin than the original lead molecule did," says Wilson. "By using click-chemistry, we basically extended the compounds' ability to interact with influenza by making them target additional pockets on the antigen surface."

When the researchers tested 4(R) and 6(R) in cell culture to verify their antiviral properties and safety, they found 6(R) was non-toxic and had more than 200-times improved cellular antiviral potency compared to F0045(S).

Finally, the researchers used a targeted approach to further optimize 6(R) and develop compound 7, which proved to have even better antiviral ability.

"This is the most potent small-molecule hemagglutinin inhibitor developed to date," says corresponding author Seiya Kitamura, who worked on the project as a postdoctoral fellow at Scripps Research and is now an assistant professor at the Albert Einstein College of Medicine.

In future studies, the team plans to continue to optimize compound 7 and to test the inhibitor in animal models of influenza.

"In terms of potency, it will be hard to improve the molecule any further, but there are many other properties to consider and optimize, for example, pharmacokinetics, metabolism and aqueous solubility," says Kitamura.

Because the inhibitors developed in this study only target H1N1 strains of influenza, researchers are also working to develop equivalent drug-like inhibitors to target other strains of influenza such as H3N2 and H5N1.

 This work was supported by the NIH, the Nathan Shock Institute of Aging Research, and Einstein-Montefiore.
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Cosmic rays illuminate the past | ScienceDaily
Researchers at the University of Bern have for the first time been able to pin down a prehistoric settlement of early farmers in northern Greece dating back more than 7,000 years to the year. For this they combined annual growth ring measurements on wooden building elements with the sudden spike of cosmogenic radiocarbon in 5259 BC. This provides a reliable chronological reference point for many other archaeological sites in Southeast Europe.


						
Dating finds plays a key role in archaeology. It is always essential to find out how old a tomb, settlement or single object is. Determining the age of finds from prehistoric times has only been possible for a few decades. Two methods are used for this: dendrochronology, which enables dating on the basis of sequences of annual rings in trees, and radiocarbon dating, which can calculate the approximate age of the finds by the decay rate of the radioactive carbon isotope 14C contained in the tree rings.

A team led by the Institute of Archaeological Sciences at the University of Bern has now succeeded in precisely dating timber from the archaeological site of Dispilio in northern Greece, where dating to the year had previously not been possible, to different building activities between 5328 and 5140 BC. The researchers made use of high-energy particles from space, which can be reliably dated to 5259 BC. Their research has been published in the journal Nature Communications.

Tree-ring chronologies and the 14C method have their limits

Dendrochronology uses characteristic patterns of broad and narrow annual growth rings in wood, which are influenced by climatic conditions. As a result, a wooden object can be dated by comparing the annual growth ring widths with already existing standard or regional chronologies. "In Central Europe there is a tree-ring chronology that goes back almost 12,500 years into the past -- to the year 10,375 BC. However, this chronology only applies to certain regions. There is no consistent chronology for the Mediterranean region," says the lead author of the study, Andrej Maczkowski from the Institute of Archaeological Sciences at the University of Bern.

Therefore, dendrochronological dating from this region must be classified as 'floating' using radiocarbon dating. As long as a tree is alive, it absorbs the radioactive isotope 14C (radiocarbon) contained in the Earth's atmosphere through photosynthesis. When it dies, it no longer absorbs 14C; the isotope decays with a half-life of 5730 years. A laboratory measurement method can then be used to determine how much 14C is still contained in a particular tree ring and thus calculate the tree's approximate time of death over the known half-life. "However, the accuracy of such classifications is in the best case within the range of decades," says Maczkowski. "Until recently, it was therefore believed that dendrochronological dating to the year was only possible if a continuous regional tree-ring chronology was available, which is the case for prehistoric periods in just three regions worldwide: this is the southwestern United States, the northern Alpine foothills and England/Ireland," explains Albert Hafner, Professor of Prehistoric Archaeology at the University of Bern and senior author of the study.

Paradigm shift thanks to Japanese physicist

In 2012, a solution to the problem emerged: Japanese physicist Fusa Miyake discovered that a massive influx of cosmic rays, presumably due to solar flares, can cause an uptick in the atmosphere's 14C content, which is deposited in the respective years' tree rings. These spikes can be accurately dated on the basis of long tree-ring chronologies, and because they are global events, they are important anchor points, especially in regions without consistent annual growth ring chronologies. "Miyake recognized the first anchor points of this kind and thus brought about a paradigm shift in prehistoric archaeology," says Albert Hafner. Today, a dozen of these Miyake events are known up until 12,350 BC, and the two important events in 5259 and 7176 BC were only discovered in 2022 by researchers at ETH Zurich. No such events of similar magnitude have been recorded in the past few centuries. If an event of this magnitude, as in 5259 BC, happens today it will likely have a disastrous effect on telecommunications and electronics.




Miyake event enables dating in Dispilio

The research team from the EXPLO project led by the University of Bern (see box) has succeeded in establishing an annual growth ring chronology spanning 303 years, which ends in 5140 BC, by analyzing 787 pieces of timber from the archaeological site of Dispilio on Lake Orestida in northern Greece. The identified settlement phases show various house building activities over 188 years between 5328 and 5140 BC. This precise dating is possible because there was a known Miyake event during this period in 5259 BC.

Researchers at ETH Zurich were able to detect a spike in radiocarbon content during this time by radiocarbon dating several individually defined annual growth rings. It was therefore a question of reproducing this peak, which is reflected globally in the annual growth ring chronologies of Siberian larch, American pine, and European oak, on the annual growth ring chronology from Dispilio in Greece and connecting it to the anchor point 5259 BC. "The Balkans is therefore the first region in the world to benefit from this paradigm shift and to be able to successfully determine absolute dating independently of a consistent calendar," says Albert Hafner.

Andrej Maczkowski adds: "We expect that other chronologies for the region from this period can now be linked to the 'Dispilio Chronology' in rapid succession. This paves the way to developing a regional dendrochronology for the southern Balkans. "The Balkans have the oldest lakeside settlements in Europe, whose sites are dated to just after 6000 BC. The region played a key role in the expansion of agriculture in Europe.
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PFAS exposure in men linked to the health of their offspring | ScienceDaily
Wayne State University researchers are reporting new findings that demonstrate a link between exposure to per- and polyfluorinated alkyl substances (PFAS) in males and health issues in their offspring.


						
The study, "Mixtures of per- and polyfluoroalkyl substances (PFAS) alter sperm methylation and long-term reprogramming of offspring liver and fat transcriptome," published recently in Environment International, assessed the effect of PFAS mixtures on the sperm methylome and transcriptional changes in offspring metabolic tissues such as in the liver and fat.

"PFAS research is important, especially in Michigan," said Michael C. Petriello, Ph.D., assistant professor in the Institute of Environmental Health Sciences and the Department of Pharmacology. "It has been recently in the news, since the EPA is finally starting to regulate PFAS chemicals and include them as part of the Clean Water Act. All over the country, communities will have standards they will have to meet. PFAS are associated with many chronic diseases and can impact inflammation and the immune system, for instance. This work is focused on reproductive outcomes, fertility and offspring metabolism. The idea that exposure of the father could affect the health of offspring is entirely new."

"Dr. Petriello's prior work has shown that PFAS exposure has effects on cardio-metabolic health," said J. Richard Pilsner, Ph.D., M.P.H., professor of obstetrics and gynecology, associate director of the C.S. Mott Center for Human Growth and Development and the Robert J. Sokol, M.D. Endowed Chair of Molecular Obstetrics and Gynecology. "What my research has done is examine paternal exposures and how they may affect the next generation through sperm-related markers. The burden has always been on maternal health during pregnancy in regard to the health of offspring. This research shows that environmental health prior to conception also is a key factor that affects offspring health and development."

The team's results demonstrate that exposure to a mixture of legacy and newly emerging PFAS chemicals in adult male mice result in aberrant sperm methylation and altered gene expression of offspring liver and fat in a sex-specific manner. These data indicate that preconception PFAS exposure in males can be transmitted to affect phenotype in the next generation.

"I hope these findings promote an appreciation of male health on their offspring's development," said Pilsner. "In addition to female partners, clinical doctors advising male partners that their pre-conception health impacts their children's health would be a significant change to positively impact future generations."

"This cutting-edge research may have a significant impact on how individuals look at harmful chemicals in their communities, and ultimately how medical professionals advise their patients," said Ezemenari M. Obasi, Ph.D., vice president for research at Wayne State University. "Our researchers are playing a crucial role in investigating new methods to improve the well-being of people locally, nationally and beyond, and are an excellent example of how Wayne State is empowering health in our neighborhoods, as well as fueling innovation with creative solutions to benefit the public."
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Ruptured Achilles tendon shows faster repair amid plasma irradiation treatment | ScienceDaily
What is the largest ligament in the human body? It might surprise some people that it is the Achilles tendon. Even though it is also considered the toughest ligament, the Achilles tendon can rupture, with many such injuries involving sports enthusiasts in their 30s or 40s. Surgery might be required, and a prolonged period of rest, immobilization, and treatment can be difficult to endure.


						
Seeking to shorten the recovery time, a research team led by Osaka Metropolitan University Graduate School of Medicine's Katsumasa Nakazawa, a graduate student in the Department of Orthopedic Surgery, Associate Professor Hiromitsu Toyoda, and Professor Hiroaki Nakamura, and Graduate School of Engineering Professor Jun-Seok Oh has focused on non-thermal atmospheric-pressure plasma as a treatment method.

This study is the first to show that such plasma irradiation can accelerate tendon repair. The team ruptured then sutured the Achilles tendon of lab rats. For one group of rats, the sutured area was irradiated with a helium plasma jet. The plasma-irradiated group exhibited faster tendon regeneration and increased strength at two, four, and six weeks after surgery compared to the untreated group.

"We have previously discovered that irradiation of non-thermal atmospheric-pressure plasma has the effect of promoting bone regeneration. In this study, we discovered that the technology also promotes tendon regeneration and healing, showing that it has applications for a wide range of fields," Professor Toyoda declared. "Combined with current tendon treatments, it is expected to contribute to more reliable tendon regeneration and shorter treatment time."
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Batteries: Modeling tomorrow's materials today | ScienceDaily
Research into new battery materials is aimed at optimizing their performance and lifetime and at reducing costs. Work is also underway to reduce the consumption of rare elements, such as lithium and cobalt, as well as toxicconstituents. Sodium-ion batteries are considered very promising in this respect. They are based on principles similar to those of lithium-ion batteries, but can be produced from raw materials that are widely accessible in Europe. And they are suitable for both stationary and mobile applications. "Layered oxides, such as sodium-nickel-manganese oxides, are highly promising cathode materials," says Dr. Simon Daubner, Group Leader at the Institute for Applied Materials -- Microstructure Modelling and Simulation (IAM-MMS) of KIT and corresponding author of the study. Within the POLiS (stands for Post Lithium Storage) Cluster of Excellence, he investigates sodium-ion technology.


						
Fast Charging Creates Mechanical Stress

However, cathode materials of this type have a problem. Sodium-nickel-manganese oxides change their crystal structure depending on how much sodium is stored. If the material is charged slowly, everything proceeds in a well-ordered way. "Sodium leaves the material Layer by layer, just like cars leaving a carpark story by story," Daubner explains. "But when charging is quick, sodium is extracted from all sides." This results in mechanical stress that may damage the material permanently.

Researchers from the Institute of Nanotechnology (INT) and IAM-MMS of KIT, together with scientists from Ulm University and the Center for Solar Energy and Hydrogen Research Baden-Wurttemberg (ZSW), recently carried out simulations to clarify the situation. They report in npj Computational Materials, a journal of the Nature portfolio.

Experiments Confirm Simulation Results

"Computer models can describe various length scales, from the arrangement of atoms in electrode materials to their microstructure to the cell as the functional unit of any battery," Daubner says. To study the NaXNi1/3Mn2/3O2 layered oxide, microstructured models were combined with slow charge and discharge experiments. The material was found to exhibit several degradation mechanisms causing a loss of capacity. For this reason, it is not yet suited for commercial applications. A change in the crystal structure results in an elastic deformation. The crystal shrinks, which may cause cracking and capacity reduction. INT and IAM-MMS simulations show that this mechanical influence decisively determines the time needed for charging the material. Experimental studies at ZSW confirm these results.

The findings of the study can be transferred partly to other layered oxides. "Now, we understand basic processes and can work on the development of battery materials that are long-lastin and can be charged as quickly as possible," Daubner summarizes. This could lead to the widespread use of sodium-ion batteries in five to ten years' time.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240521124702.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Complete Stellar Collapse: Unusual star system proves that stars can die quietly | ScienceDaily
University of Copenhagen astrophysicists help explain a mysterious phenomenon, whereby stars suddenly vanish from the night sky. Their study of an unusual binary star system has resulted in convincing evidence that massive stars can completely collapse and become black holes without a supernova explosion.


						
One day, the star at the center of our own solar system, the Sun, will begin to expand until it engulfs Earth. It will then become increasingly unstable until it eventually contracts into a small and dense object known as a white dwarf.

However, if the Sun were of a weight class roughly eight times greater or more, it would probably go out with a huge bang -- as a supernova. Its collapse would culminate into an explosion, ejecting energy and mass into space with enormous force, prior to leaving behind a neutron star or a black hole in its wake.

While this is basic knowledge about how massive stars die, there remains plenty to understand about the starry skies above and the spectacular death of these stars in particular.

New research by astrophysicists at the University of Copenhagen's Niels Bohr Institute presents the strongest evidence to date that very massive stars can succumb with far more stealth and discretion than as supernovae. Indeed, their investigation suggests that, with enough mass, a star's gravitational pull can be so strong that no explosion takes place upon its death. Instead, the star can go through what is known as a complete collapse.

"We believe that the core of a star can collapse under its own weight, as happens to massive stars in the final phase of their lives. But instead of the contraction culminating into a bright supernova explosion that would outshine its own galaxy, expected for stars more than eight times as massive as the Sun, the collapse continues until the star becomes a black hole," explains first author Alejandro Vigna-Gomez, who was a postdoc at the Niels Bohr Institute when this study set in motion.

This discovery is linked to the phenomenon of disappearing stars, which has interested astronomers in recent years, and it may provide both a clear-cut example as well as a plausible scientific explanation for phenomena of this kind.




"Were one to stand gazing up at a visible star going through a total collapse, it might, just at the right time, be like watching a star suddenly extinguish and disappear from the heavens. The collapse is so complete that no explosion occurs, nothing escapes and one wouldn't see any brigh tsupernova in the night sky. Astronomers have actually observed the sudden disappearance of brightly shining stars in recent times. We cannot be sure of a connection, but the results we have obtained from analysing VFTS 243 has brought us much closer to a credible explanation," says Alejandro Vigna-Gomez.

An unusual star system with no signs of an explosion

This discovery has been prompted by the recent observationof an unusual binary star system at the edge of our galaxy called VFTS 243. Here, a large star and black hole roughly 10 times more massive than our Sun orbit one another.

Scientists have known about the existence of such binary star systems in the Milky Way for decades, where one of the stars has become a black hole. But the recent discovery of VFTS 243, just beyond the Milky Way in the Large Magellanic Cloud, is something truly special.

"Normally, supernova events in star systems can be measured in various ways after they occur. But despite the fact that VFTS 243 contains a star that has collapsed into a black hole, the traces of an explosion are nowhere to be found. VFTS 243 is an extraordinary system. The orbit of the system has barely changed since the collapse of the star into a black hole," says Alejandro Vigna-Gomez.

The researchers have analysed the observational data for a range of signs that would be expected from a star system having undergone a supernova-explosion in the past. Generally, they found evidence of such an event minor and unconvincing.




The system does not show sign of a significant "natal kick," an acceleration of the orbiting objects. It is also very symmetrical, almost perfectly circular in it's orbit, and remaining signs from the energy release during the core collapse of the former star points to a type of energy consistent with complete collapse.

"Our analysis unequivocally points to the fact that the black hole in VFTS 243 was most likely formed immediately, with the energy mainly being lost via neutrinos," says Professor Irene Tamborra from the Niels Bohr Institute, who also participated in the study.

A benchmark system for future studies

According to Professor Tamborra, the VFTS 243 system opens the possibility for finally comparing a range of astrophysics theories and model calculations with actual observations. She expects that the star system will be important for studying stellar evolution and collapse.

"Our results highlight VFTS 243 as the best observable case so far for the theory of stellar black holes formed through total collapse, where the supernova explosion fails and which our models have shown to be possible. It is an important reality check for these models. And we certainly expect that the system will serve as a crucial benchmark for future research into stellar evolution and collapse," says the professor.

Background Information

The missing "natal kick" and other (lacking) signs of a supernova

The violent forces of a supernova directly affect the newborn neutron stars or black holes left by it, because of the asymmetric emission of matter during the explosion. This is what the researchers refer to as a "natal kick."This kick causes the compact object to accelerate. A natal kick will normally give neutron stars a measurable speed of 100-1000 km per second. The speed is expected to be less for black holes, but still significant.

Because the black hole in the VFTS 243 system only appears to have been acceleratedto roughly 4 km/s, it shows no sign of having received a substantial natal kick, like would be expected had it undergone a supernova.

Similarly, the symmetry of a star system's orbit usually show signs that it has felt the impact of a violent supernova explosion, because of the ejection of matter that happens. Instead, the researchers found symmetry.

"The orbit of VFTS is almost circular and our analysis indicates there are no signs of large asymmetries during collapse. This again indicates the absence of an explosion," says Alejandro Vigna Gomez.

A burst of energy

Analysing the orbit of the binary star system, the team has also been able to calculate the amount of mass and energy released during the formation of the black hole.

Their estimations are consistent with a scenario in which the smaller kick imparted during the stellar collapse was not due to baryonic matter, which includes neutrons and protons, rather to so-called neutrinos. Neutrinos have very little mass and interact very weakly. This is another indication that the system did not experience an explosion.

 Black holes

Not even light can escape from black holes. As such, they cannot be observed directly. However, some black holes can be identified due to the large amounts of energy being emitted from the gases rotating around them. Others, as in the case of VFTS 243, can be observed by the influence they have on stars with which they orbit.

In general, astronomers believe there to be three types of black holes:

Stellar black holes -- such as those of the VFTS 243 system -- form when stars with more than eight times the mass of the Sun collapse. Scientists believe there may be as many as 100 million of these in our galaxy alone.

Supermassive black holes -- 100,000 -- 10 billion times the mass of the Sun -- are thought to be at the centre of nearly all galaxies. Sagittarius A* is the supermassive black hole at centre of our galaxy, the Milky Way.

Intermediate-mass black holes (IMBH) -- 100-100,000 times the mass of our Sun -- were long a missing link. In recent years, a number of credible candidates have emerged.

There are also theories that describe other types of black holes, which have yet to be discovered. One of these, so-called Primordial black holes, are supposed to have formed in the early universe and could theoretically be microscopic.

 Disappearing stars

In modern times, there have been many observations of stars that inexplicably disappear.

"A Survey about Nothing" led by astrophysicist Chris Kochanek is an example of the research efforts actively looking for disappearing stars and explanations for their disappearance.

The curious reader can also delve into historical descriptions. These often have to do with suddenly luminous stars that disappear consistent with supernova scenarios. But there are other stories about suddenly disappearing stars, such as the Greek myth associated with the Pleiades star cluster, commonly known as the Seven Sisters. The Pleiades myth describes the seven daughters of the titan Atlas and nymph Pleione. According to the myth, one of their daughters married a human and went into hiding, which provides a very unscientific, but beautiful explanation for why we only see six stars in the Pleiades.
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Regional differences in bird diversity in agroforestry systems | ScienceDaily
The diversity and ecological functionality of bird communities in tropical agroforestry systems are shaped by the surrounding landscape, in particular the extent and composition of the forest. An international research team led by the University of Gottingen has now investigated the composition and ecological traits of bird communities in 23 cocoa agroforestry systems in Peru. The Universities of Wurzburg and Vienna and the Alliance Biodiversity International in Peru were also involved in the study. The scientists found very different results depending on the region, and therefore emphasise the importance of tailoring agroforestry management strategies according to the region. The results were published in the journal Conservation Science and Practice.


						
The cocoa agroforestry systems studied are located in two contrasting Peruvian regions: one with seasonally dry tropical forests and one with subtropical humid rainforests along the Andes. In both regions, cocoa agroforestry systems exist at different distances from natural forest, and increasing distance reduces the biodiversity in these agroforestry systems. The two regions differ greatly in their climate, as well as the structure and complexity of the forest vegetation. "We found a much higher richness of bird species in the humid subtropical forest than in the dry forest -- 179 species compared to just 64," says first author Dr Carolina Ocampo-Ariza from the University of Gottingen. "In the dry forest landscapes, distance from the natural forest strongly influences the composition of bird communities, but less so the proportion of creatures that eat insects, which is a particularly important factor for biological pest control in cocoa farms." Compared with cocoa farms that were right next to natural forest, if there was a distance of one kilometre, farms in the subtropical forest experienced a decrease of 27 percent in the proportion of insects in the birds' diet; whereas for farms in the dry forest, the decrease was just 3 percent.

"These large regional differences in Peru show that agroforestry management needs to be adapted regionally to support optimal preservation and promotion of bird diversity and its ecosystem services. This is particularly true for biological pest control, which is important for cocoa yields," says Ocampo-Ariza. "The proximity of cocoa cultivation to the nearest natural forest plays a special role for bird diversity and its ecosystem services." Co-author Professor Teja Tscharntke adds: "Forested landscapes are crucial for the biodiversity in agroforestry systems. In addition, it is necessary to maintain and encourage a large number of older shade-providing trees, in addition to complex vegetation, in the farming systems."
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What pottery reveals about prehistoric Central European culinary traditions | ScienceDaily
The first agricultural and pottery-producing societies settled in Central Europe 7,500 years ago with the dispersion of the Early Neolithic Linear Pottery Culture. Over the following millennia, an exceptional cultural diversity unfolded, which resulted in a wide range of pottery styles and decorations. Traditionally, archaeologists have studied pottery types and decorations to differentiate prehistoric cultures, but their contents and uses have been explored to a much lesser extent.


						
In a groundbreaking study recently published in PLOS ONE, scientists from the Universitat Autonoma de Barcelona (UAB) and the State Office for Heritage Management and Archaeology (LDA) of Saxony-Anhalt explored the culinary traditions of central Germany between the Early Neolithic and the Late Bronze Age (dating back 3,500 to 7,500 years), and cultural relations with changes in pottery styles and decorations. Within Central Europe, central Germany is one of the regions with the most pronounced prehistoric cultural diversity, due to the rich agricultural soils of the loess zone and other natural resources such as salt, which attracted people to settle there early on.

The study analysed fat residues trapped in a set of 124 pottery vessels of different shapes and sizes, with samples originating from graves and settlements, and conserved in the State Museum of Prehistory in Halle. The analyses allowed researchers to distinguish residual fats derived from milk, ruminant and non-ruminant animals, as well as of marine or plant origin. The samples analysed in this study make up the biggest archaeological data series for Germany so far.

Results reveal a variety of changes in the use of pottery and food preparation during this period, as well as complex relations these prehistoric populations established with food resources and the main means to cook, store, and eat them. "This has allowed us to see how specific culinary practices and tastes for different ways of cooking with pottery were developed, a diversity that would be very difficult to detect using other archaeological indicators," states Adria Breu, researcher at the UAB Department of Prehistory and first author of the article. "Although livestock populations, dominated mainly by cows and to a lesser extent by goats, sheep and pigs, remained stable over time, the consumption of animal products changed substantially during the period we studied," he added.

From dairy in cups to plates with pig-derived fats

The results show that in the Middle Neolithic period, some 5,500 years ago and coinciding with the Baalberge culture, came the first signs in the region of a generalised consumption of dairy products. This dietary change was linked to the creation of small cups and handled amphorae. The former would have been used to scoop milk products from other larger vessels frequently found in the settlements. This would be the first known case of prehistoric cups having a specialised use. "It is easy to imagine that in this period milk and its derivatives, cream, butter, cheese, and yogurt, were highly valued, and a tradition of drinking or eating them in such characteristic cups would have developed, similar to how we have breakfast cups," explains Adria Breu.

At the end of the Neolithic, 4,500 years ago, substantial changes occurred in the shapes and decorations of these cups, amphorae and vessels which give name to the Corded Ware Culture arriving from the Eurasian Steppe. The analyses detected that these types of pottery, particularly the double-handled amphorae, contained new marked culinary preferences for pig, with dairy products falling into the background. This change surprised researchers, since it was not accompanied by an increase in the population of pigs, and reinforces the idea of this animal's social value.




The analysis of corded ware vessels also challenges previous considerations. "The contents show that milk-derived food sources were not as important as expected among the populations arriving from Eastern Europe, which were considered to be pastoral nomads, nor does it confirm that the vessels were used for drinking beer, as has been previously claimed," explains Roberto Risch, researcher at the UAB and co-author of the study.

The intensive use of dairy products continued particularly amongst the Bell Beaker populations, who did not seem have the same preference for pork. The use of carinated beakers to store and serve dairy products was particularly common in burials near the circular enclosure of Pommelte. The majority of tombs presented one single drinking vessel as a grave good, in what would have been a specific funeral rite of this archaeological site.

A varied diet in standardised and multifunctional vessels

At the beginning of the Bronze Age, 4,000 years ago, the food of the Unetice culture was characterised by a greater variety of animal and plant products. Despite already having horses, this culture maintained a taste for pork, but abandoned the tradition of consuming milk in small cups.

Unetice was one of the first state-structured societies in Europe, along with El Argar in the Iberian Peninsula. Highly hierarchical, with powerful masters of time who encoded astronomical knowledge in the Nebra Sky Disc, they developed specialised crafts, such as earthenware. The consumption of food was produced in standardised and multifunctional vessels. "However, this increased standardisation was not a response to a more specialised use; on the contrary, the same cups, such as the typical carinated beakers, were used to prepare and consume foods related to a wide variety of fats, perhaps in an attempt to appear equal in a society that was becoming increasingly unequal," explains Roberto Risch.

In sum, the study demonstrates how combining fat residue analysis with more conventional contextual and typological studies of ceramics can reveal complex realities of changing culinary attitudes and practices that would otherwise be missed by other dietary indicators. "The complex trends detected in this work merit the development of future studies that include a larger number of samples from each period," researchers conclude.
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How plants 'mate' for life and repel other suitors | ScienceDaily
A group of scientists from Nagoya University in Japan has used a specialized microscopic technique to observe the internal reproduction process of the Arabidopsis plant. Their findings, published in EMBO Reports, reveal the mechanism behind a female flower selectively attracting a single male counterpart. These findings provide insights that may help optimize seed production and improve agricultural breeding practices.


						
Angiosperms, commonly referred to as flowering plants, have male and female reproductive organs. In the process of plant reproduction, when a pollen grain that transports male gametes lands on the stigma of another flower, it initiates the formation of a pollen tube. The tube extends through the style and into the ovary, allowing sperm cells to reach the egg and central cells in an ovule for fertilization.

To better understand this process, the researchers created a unique microscopic technique using a two-photon microscope. According to the lead author, Yoko Mizuta, the three-year effort was like a journey. "It involved delicate sample handling techniques and optimization of conditions, such as excitation wavelengths, for achieving deep imaging of flowers," she explained.

Using their technique, the team was able to observe, for the first time, the elongation of multiple pollen tubes within a living pistil and their unique attraction to female tissue. This allowed them to identify a signal emitted by the maternal tissue that attracts pollen tubes by leading them to elongate along the stamen tissue and reach the site of fertilization. This is the signal that enables the precise management of one-to-one pollen tube guidance.

One-to-one pollen tube guidance is a critical process in plant reproduction that involves precise navigation of pollen tubes to individual ovules. This mechanism ensures the successful fertilization of angiosperms by facilitating the specific coupling between ovules and individual pollen tubes.

In addition to the signal that promotes attraction between individuals, Mizuta and her colleagues were also surprised to find a repulsion signal. This signal was emitted upon attracting a pollen tube, discouraging the further attraction of additional pollen tubes. In addition to the 45-minute blocking process that prevents multiple sperm from fertilizing the same ovule, a repulsion signal also directs rejected suitors towards other unpaired ovules.

"I find the repulsion system fascinating," Mizuta said. "The cells that generate the attraction system are mostly synergid cells, whereas the cells that generate the repulsion system include multiple types such as somatic and gametophytic cells at multistep levels. I find it very interesting that all couplings involve this mechanism of attracting and repelling."

Further analysis showed the complexity of the one-to-one pollen tube guidance process, revealing anintricate regulatory mechanism that requires the involvement of various cells in both male and female plants. This precise regulation ensures successful fertilization and efficient seed production, particularly under challenging environmental conditions.

Mizuta emphasized the importance of this mechanism in maximizing seed production. "By precisely orchestrating the behavior of pollen tubes, plants have evolved a mechanism to ensure successful fertilization and efficient seed production on dry land with a limited number of suitors," she remarked.

This research provides valuable information about how plants reproduce and has the potential to benefit agricultural breeding by increasing seed production and improving germination rates.
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3D printing robot creates extreme shock-absorbing shape, with help of AI | ScienceDaily
Inside a lab in Boston University's College of Engineering, a robot arm drops small, plastic objects into a box placed perfectly on the floor to catch them as they fall. One by one, these tiny structures -- feather-light, cylindrical pieces, no bigger than an inch tall -- fill the box. Some are red, others blue, purple, green, or black.


						
Each object is the result of an experiment in robot autonomy. On its own, learning as it goes, the robot is searching for, and trying to make, an object with the most efficient energy-absorbing shape to ever exist.

To do this, the robot creates a small plastic structure with a 3D printer, records its shape and size, moves it to a flat metal surface -- and then crushes it with a pressure equivalent to an adult Arabian horse standing on a quarter. The robot then measures how much energy the structure absorbed, how its shape changed after being squashed, and records every detail in a vast database. Then, it drops the crushed object into the box and wipes the metal plate clean, ready to print and test the next piece. It will be ever-so-slightly different from its predecessor, its design and dimensions tweaked by the robot's computer algorithm based on all past experiments -- the basis of what's called Bayesian optimization. Experiment after experiment, the 3D structures get better at absorbing the impact of getting crushed.

These experiments are possible because of the work of Keith Brown, an ENG associate professor of mechanical engineering, and his team in the KABlab. The robot, named MAMA BEAR -- short for its lengthy full title, Mechanics of Additively Manufactured Architectures Bayesian Experimental Autonomous Researcher -- has evolved since it was first conceptualized by Brown and his lab in 2018. By 2021, the lab had set the machine on its quest to make a shape that absorbs the most energy, a property known as its mechanical energy absorption efficiency. This current iteration has run continuously for over three years, filling dozens of boxes with more than 25,000 3D-printed structures.

Why so many shapes? There are countless uses for something that can efficiently absorb energy -- say, cushioning for delicate electronics being shipped across the world or for knee pads and wrist guards for athletes. "You could draw from this library of data to make better bumpers in a car, or packaging equipment, for example," Brown says.

To work ideally, the structures have to strike the perfect balance: they can't be so strong that they cause damage to whatever they're supposed to protect, but should be strong enough to absorb impact. Before MAMA BEAR, the best structure anyone ever observed was about 71 percent efficient at absorbing energy, says Brown. But on a chilly January afternoon in 2023, Brown's lab watched their robot hit 75 percent efficiency, breaking the known record. The results have just been published in Nature Communications.

"When we started out, we didn't know if there was going to be this record-breaking shape," says Kelsey Snapp (ENG'25), a PhD student in Brown's lab who oversees MAMA BEAR. "Slowly but surely we kept inching up, and broke through."

The record-breaking structure looks like nothing the researchers would have expected: it has four points, shaped like thin flower petals, and is taller and narrower than the early designs.




"We're excited that there's so much mechanical data here, that we're using this to learn lessons about design more generally," Brown says.

Their extensive data is already getting its first real-life application, helping to inform the design of new helmet padding for US Army soldiers. Brown, Snapp, and project collaborator Emily Whiting, a BU College of Arts & Sciences associate professor of computer science, worked with the US Army and went through field testing to ensure helmets using their patent-pending padding are comfortable and provide sufficient protection from impact. The 3D structure used for the padding is different from the record-breaking piece -- with a softer center and shorter stature to help with comfort.

MAMA BEAR is not Brown's only autonomous research robot. His lab has other "BEAR" robots performing different tasks -- like the nano BEAR, which studies the way materials behave at the molecular scale using a technology called atomic force microscopy. Brown has also been working with Jorg Werner, an ENG assistant professor of mechanical engineering, to develop another system, known as the PANDA -- short for Polymer Analysis and Discovery Array -- BEAR to test thousands of thin polymer materials to find one that works best in a battery.

"They're all robots that do research," Brown says. "The philosophy is that they're using machine learning together with automation to help us do research much faster."

"Not just faster," adds Snapp. "You can do things you couldn't normally do. We can reach a structure or goal that we wouldn't have been able to achieve otherwise, because it would have been too expensive and time-consuming." He has worked closely with MAMA BEAR since the experiments began in 2021, and gave the robot its ability to see -- known as machine vision -- and clean its own test plate.

The KABlab is hoping to further demonstrate the importance of autonomous research. Brown wants to keep collaborating with scientists in various fields who need to test incredibly large numbers of structures and solutions. Even though they already broke a record, "we have no ability to know if we've reached the maximum efficiency," Brown says, meaning they could possibly break it again. So, MAMA BEAR will keep on running, pushing boundaries further, while Brown and his team see what other applications the database can be useful for. They're also exploring how the more than 25,000 crushed pieces can be unwound and reloaded into the 3D printers so the material can be recycled for more experiments.

"We're going to keep studying this system, because mechanical efficiency, like so many other material properties, is only accurately measured by experiment," Brown says, "and using self-driving labs helps us pick the best experiments and perform them as fast as possible."
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How immune cells recognize the abnormal metabolism of cancer cells | ScienceDaily
When cells become tumor cells, their metabolism changes fundamentally. Researchers at the University of Basel and the University Hospital Basel have now demonstrated that this change leaves traces that could provide targets for cancer immunotherapies.


						
Cancer cells function in turbo mode: Their metabolism is programmed for rapid proliferation, whereby their genetic material is also constantly copied and translated into proteins. As researchers led by Professor Gennaro De Libero from the University of Basel and the University Hospital Basel now report, this turbo metabolism leaves traces on the surface of tumor cells that can be read by specific immune cells. The research team's findings have been published in the journal Science Immunology.

The immunologists working with De Libero discovered the immune cells in question, known as MR1T cells, around ten years ago. This previously unknown type of T cell can attack and eliminate tumor cells. Since then, the team has been researching these cells as a potential tool for novel immunotherapies against a variety of different types of cancer.

Modified DNA and RNA building blocks

The team has now been able to decipher exactly how the T cells recognize the degenerated cells: The altered metabolism of the cancer cells produces a certain type of molecule that appears on the surface of these degenerated cells. "These molecules are chemically modified DNA and RNA building blocks that are the result of changes in three important metabolic pathways," explains De Libero.

"The fact that cancer cells have a profoundly altered metabolism makes them recognizable to MR1T cells," adds Dr. Lucia Mori, who was involved in the research. In previous work, the researchers had already discovered that these T cells recognize a surface protein found on all cells, known as MR1. It acts as the proverbial silver platter and presents metabolic products from inside the cell on the cell surface so that the immune system can then check to see whether the cell is healthy or not.

"Several metabolic pathways are altered in cancer cells. This produces particularly suspicious metabolic products and thus alert the MR1T cells," explains Dr. Alessandro Vacchini, the study's first author.

As a next step, the researchers intend to examine in more detail just how these telltale metabolites interact with the MR1T cells. The long-term vision: Within the framework of future therapies, a patient's T cells could be reprogrammed and optimized to recognize and attack these cancer-typical molecules.
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        Planet hunters unveil massive catalog of strange worlds
        While thousands of planets have been discovered around other stars, relatively little is known about them. A NASA catalog featuring 126 exotic, newly discovered worlds includes detailed measurements that allow for comparisons with our own solar system.

      

      
        Mental disorders may spread in young people's social networks
        A recently completed study demonstrates that mental disorders may be transmitted between individuals within social networks. The finding was the most evident in the case of mood, anxiety and eating disorders.

      

      
        The global clean water crisis looms large
        Water scarcity will intensify with climate and socioeconomic change, disproportionately impacting populations located in the Global South.

      

      
        Potentially habitable 'exo-Venus' with Earth-like temperature discovered
        Astronomers have made the rare and tantalizing discovery of an Earth-like exoplanet 40 light-years away that may be just a little warmer than our own world. The potentially-habitable planet, named Gliese 12 b, orbits its host star every 12.8 days, is comparable in size to Venus -- so slightly smaller than Earth -- and has an estimated surface temperature of 42 C (107 F), which is lower than most of the 5,000-odd exoplanets confirmed so far. That is assuming it has no atmosphere, however, which is...

      

      
        Foraging ants navigate more efficiently when given energy-drink-like doses of caffeine
        Ants who receive a caffeine-laced sugary reward become more efficient at navigating back to the reward's location compared to ants that only receive sugar. Caffeinated ants move toward the reward via a more direct path but do not increase their speed, suggesting that caffeine improved their ability to learn. The study was conducted on Argentine ants (Linepithema humile), a globally invasive species, and the researchers say that incorporating caffeine into ant baits could aid efforts to control th...

      

      
        Australian study proves 'humans are planet's most frightening predator'
        A new study demonstrates that kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator.

      

      
        Cement recycling method could help solve one of the world's biggest climate challenges
        Researchers have developed a method to produce very low emission concrete at scale -- an innovation that could be transformative in the transition to net zero. The method, which the researchers say is 'an absolute miracle', uses the electrically-powered arc furnaces used for steel recycling to simultaneously recycle cement, the carbon-hungry component of concrete.

      

      
        Using wobbling stellar material, astronomers measure the spin of a supermassive black hole for the first time
        Astronomers have a new way to measure how fast a black hole spins, by using the wobbly aftermath from its stellar feasting. The results offer a new way to probe supermassive black holes and their evolution across the universe.

      

      
        The origin of the sun's magnetic field could lie close to its surface
        Surprise findings suggest sunspots and solar flares could be generated by a magnetic field within the Sun's outermost layers. If confirmed, the findings could help scientists better predict space weather.

      

      
        Promethium bound: Rare earth element's secrets exposed
        Scientists have uncovered the properties of a rare earth element that was first discovered 80 years ago at the very same laboratory, opening a new pathway for the exploration of elements critical in modern technology, from medicine to space travel.

      

      
        Under extreme impacts, metals get stronger when heated, study finds
        Scientists have discovered that when metal is struck by an object moving at a super high velocity, the heat makes the metal stronger. The finding could lead to new approaches to designing materials for extreme environments, such as shields that protect spacecraft or equipment for high-speed manufacturing.

      

      
        New AI accurately predicts fly behavior
        Researchers trained an AI model to accurately predict male fruit flies' courtship behavior in response to any sight of a female. This breakthrough offers new insight into how the brain processes visual data and may someday pave the way for artificial vision technology.

      

      
        Ancient viral DNA in the human genome linked to major psychiatric disorders
        New research has found that thousands of DNA sequences originating from ancient viral infections are expressed in the brain, with some contributing to susceptibility for psychiatric disorders such as schizophrenia, bipolar disorder, and depression.

      

      
        Excavation reveals 'major' ancient migration to Timor Island
        The discovery of thousands of stone artefacts and animal bones in a deep cave in Timor Island has led archaeologists to reassess the route that early humans took to reach Australia. Researchers dated and analysed the artefacts and sediment at the Laili rock shelter in central-north Timor-Leste, north of Australia, to pinpoint the arrival of the colonists.

      

      
        Milk from before antibiotic era were resistant to antibiotic tetracycline
        The researchers started with 50 samples collected from 1941 to 1947, and they found that the samples contained seven different Streptococcus species, including two subspecies of S. dysgalactiae. Interestingly, the researchers found some of the samples were resistant to the antibiotic tetracycline and did not carry antibiotic resistance genes typically seen in today's antibiotic-resistant bacterial strains. Since these samples were collected prior to the antibiotic era, the results add to a growin...

      

      
        Study finds widespread 'cell cannibalism,' related phenomena across tree of life
        Researchers describe cell-in-cell phenomena in which one cell engulfs and sometimes consumes another. The study shows that cases of this behavior, including cell cannibalism, are widespread across the tree of life. The findings challenge the common perception that cell-in-cell events are largely restricted to cancer cells. Rather, these events appear to be common across diverse organisms, from single-celled amoebas to complex multicellular animals.

      

      
        Detecting odors on the edge: Researchers decipher how insects smell more with less
        While humans feature a sophisticated sense of smell, insects have a much more basic olfactory system. Yet they depend upon smell to survive. Scientists have figured out how fruit flies use a simple but efficient system to recognize odors, and the answer lies at the edges of their antennae.

      

      
        Drug-like inhibitor shows promise in preventing flu
        Currently available flu medications only target the virus after it has already established an infection, but what if a drug could prevent infection in the first place? Now, scientists have designed drug-like molecules to do just that, by thwarting the first stage of influenza infection.

      

      
        Cosmic rays illuminate the past
        Researchers have for the first time been able to pin down a prehistoric settlement of early farmers in northern Greece dating back more than 7,000 years to the year. For this they combined annual growth ring measurements on wooden building elements with the sudden spike of cosmogenic radiocarbon in 5259 BC. This provides a reliable chronological reference point for many other archaeological sites in Southeast Europe.

      

      
        Complete Stellar Collapse: Unusual star system proves that stars can die quietly
        University of Copenhagen astrophysicists help explain a mysterious phenomenon, whereby stars suddenly vanish from the night sky. Their study of an unusual binary star system has resulted in convincing evidence that massive stars can completely collapse and become black holes without a supernova explosion.

      

      
        What pottery reveals about prehistoric Central European culinary traditions
        The analysis of fat traces in over one hundred pottery vessels reveals deep changes in food consumption and preparation by communities living in central Germany between the Early Neolithic and the Late Bronze Age, as well as in their relation with innovations in pottery styles and decorations. In a groundbreaking study, researchers identified a generalized inclusion of dairy products in prehistoric diets, a preference in consuming pork with the arrival of communities from the Eurasian Steppe, and...

      

      
        3D printing robot creates extreme shock-absorbing shape, with help of AI
        See how an autonomous robot created a shock-absorbing shape no human ever could -- and what it means for designing safer helmets, packaging, car bumpers, and more.

      

      
        Food for thought: Study links key nutrients with slower brain aging
        A new study suggests better nutrition might help prevent cognitive decline. Working with a group of 100 cognitively healthy participants aged 65 to 75, a research team combined neuroscience with nutritional science to identify a specific nutrient profile linked with better performance on cognitive tests. Nutrient biomarkers identified via blood tests revealed a combination of fatty acids, antioxidants and carotenoids, and two forms of Vitamin E and choline -- very similar to the Mediterranean die...

      

      
        Researchers discover hidden step in dinosaur feather evolution
        Scientists discover 'zoned development' in dinosaur skin, with zones of reptile-style scales and zones of bird-like skin with feathers. A new dinosaur skin fossil has been found to be composed of silica -- the same as glass.

      

      
        Warming climate intensifies flash droughts worldwide
        Sudden, severe dry spells known as flash droughts are rising in intensity around the world, with a notable exception in mountainous Central Asia, where flash drought extent is shrinking, according to new research. Heat and changes to precipitation patterns caused by a warming climate are driving these trends, the study found.

      

      
        'Vigorous melting' at Antarctica's Thwaites 'Doomsday' Glacier
        Glaciologists show evidence of warm ocean water intruding kilometers beneath grounded ice at Thwaites Glacier in West Antarctica. The findings suggest that existing climate models are underestimating the impact of ocean and ice interactions in future sea level rise projections.

      

      
        World leaders still need to wake up to AI risks
        Leading AI scientists are calling for stronger action on AI risks from world leaders, warning that progress has been insufficient since the first AI Safety Summit six months ago. Then, the world's leaders pledged to govern AI responsibly. However, twenty-five of the world's leading AI scientists say not enough is actually being done to protect us from the technology's risks.

      

      
        Webb Telescope offers first glimpse of an exoplanet's interior
        A surprisingly low amount of methane and a super-sized core hide within the cotton candy -- like planet WASP-107 b.

      

      
        Blueprints of self-assembly
        Scientists have taken a step closer to replicating nature's processes of self-assembly. The study describes the synthetic construction of a tiny, self-assembled crystal known as a 'pyrochlore,' which bears unique optical properties. The advance provides a steppingstone to the eventual construction of sophisticated, self-assembling devices at the nanoscale -- roughly the size of a single virus.

      

      
        Meerkat chit-chat
        Researchers unravel the vocal interactions of meerkat groups and show they use two different types of interactions to stay in touch.

      

      
        Record low Antarctic sea ice 'extremely unlikely' without climate change
        Scientists have found that the record-low levels of sea ice around Antarctica in 2023 were extremely unlikely to happen without the influence of climate change. This low was a one-in-a-2000-year event without climate change and four times more likely under its effects.

      

      
        Brain 'assembloids' mimic human blood-brain barrier
        Major advance promises to accelerate the understanding and improved treatment of a wide range of brain disorders, including stroke, cerebral vascular disorders, brain cancer, Alzheimer's disease, Huntington disease, Parkinson's disease, and other neurodegenerative conditions.

      

      
        Global life expectancy to increase by nearly 5 years by 2050 despite geopolitical, metabolic, and environmental threats
        The latest findings forecast that global life expectancy will increase by 4.9 years in males and 4.2 years in females between 2022 and 2050. Increases are expected to be largest in countries where life expectancy is lower, contributing to a convergence of increased life expectancy across geographies. The trend is largely driven by public health measures that have prevented and improved survival rates from cardiovascular diseases, COVID-19, and a range of communicable, maternal, neonatal, and nutr...

      

      
        A trial HIV vaccine triggered elusive and essential antibodies in humans
        An HIV vaccine candidate triggered low levels of an elusive type of broadly neutralizing HIV antibodies among a small group of people enrolled in a 2019 clinical trial.

      

      
        A powerful tool speeds success in achieving highly efficient thermoelectric materials
        Thermoelectric materials could play an important role in the clean energy transition, as they can produce electricity from sources of heat that would otherwise go to waste. Researchers report a new approach to efficiently predict when thermoelectric materials will have improved performance in converting heat into electricity.

      

      
        Scientists use generative AI to answer complex questions in physics
        Researchers used generative AI to develop a physics-informed technique to classify phase transitions in materials or physical systems that is much more efficient than existing machine-learning approaches.

      

      
        Otters, especially females, use tools to survive a changing world
        Sea otters are one of the few animals that use tools to access their food, and a new study has found that individual sea otters that use tools -- most of whom are female -- are able to eat larger prey and reduce tooth damage when their preferred prey becomes depleted.

      

      
        New gene delivery vehicle shows promise for human brain gene therapy
        In an important step toward more effective gene therapies for brain diseases, researchers have engineered a gene-delivery vehicle that uses a human protein to efficiently cross the blood-brain barrier and deliver a disease-relevant gene to the brain in mice expressing the human protein. Because the vehicle binds to a well-studied protein in the blood-brain barrier, the scientists say it has a good chance at working in patients.

      

      
        How neighboring whale families learn each other's vocal style
        Researchers have developed a method to investigate sperm whale communication by determining their vocal style, finding that groups living in close proximity can develop similar styles to each other.
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Planet hunters unveil massive catalog of strange worlds | ScienceDaily
While thousands of planets have been discovered around other stars, relatively little is known about them. A NASA catalog featuring 126 exotic, newly discovered worlds includes detailed measurements that allow for comparisons with our own solar system.


						
The catalog details a fascinating mix of planet types beyond our solar system, from rare worlds with extreme environments to ones that could possibly support life.

The planets were analyzed by a large, international team of scientists using NASA's Transiting Exoplanet Survey Satellite (TESS) in collaboration with the W.M. Keck Observatory on Maunakea, Hawai'i. They are described in today's edition of The Astrophysical Journal Supplement.

"Relatively few of the previously known exoplanets have a measurement of both the mass and the radius. The combination of these measurements tell us what the planets could be made of and how they formed," said Stephen Kane, UC Riverside astrophysicist and principal investigator of the TESS-Keck Survey.

"With this information, we can begin to answer questions about where our solar system fits in to the grand tapestry of other planetary systems," Kane said.

The research team spent three years developing the catalog. They analyzed more than 13,000 radial velocity (RV) measurements to calculate the masses of 120 confirmed planets, plus six candidate planets, spread out over the northern sky.

Though the planets themselves aren't visible, they do have a visible effect. As they orbit, the planets tug on their host stars, causing them to "wobble." When the star moves toward a telescope, its visible light turns slightly bluer; when it moves away from us, the light shifts slightly redder.




This is much like how sound behaves. Due to the Doppler effect, a fire truck's siren gets higher-pitched as it travels closer and sounds lower-pitched as it drives farther away.

"These RV measurements let astronomers detect and learn the properties of these exoplanetary systems. When we see a star wobbling regularly back and forth, we can infer the presence of an orbiting planet and measure the planet's mass," said Ian Crossfield, University of Kansas astrophysicist and catalog co-author.

Several planets in the TESS-Keck Survey stand out as touchstones for deepening astronomers' understanding of the diverse ways planets form and evolve.

A related survey paper authored by UCR graduate student Michelle Hill announces the discovery of two new planets orbiting a star like our sun. The first is a "sub-Saturn" planet with a mass and radius that are between those of Neptune and Saturn.

"There is ongoing debate about whether sub-Saturn planets are truly rare, or if we are just bad at finding planets like these," Hill said. "So, this planet, TOI-1386 b, is an important addition to this demographic of planets."

TOI-1386 b only takes 26 days to orbit its star. Meanwhile its neighbor, a planet with a mass close to that of Saturn, takes 227-days to orbit the same star.




Another survey paper authored by UCR graduate student Daria Pidhorodetska describes a planet about half the size of Neptune that takes a mere 19 days to orbit its star, which is much like our Sun.

"Planets smaller than Neptune but larger than Earth are the most prevalent worlds in our galaxy, yet they are absent from our own Solar System. Each time a new one is discovered, we are reminded of how diverse our Universe is, and that our existence in the cosmos may be more unique than we can understand," Pidhorodetska said.

There are a lot of stars that are not similar to our sun. If scientists want to make apt comparisons between our world and others, they need to find stars of a similar age, size, and mass. "Then we can do apples-to-apples comparisons," Kane said. "That's the exciting part of the papers produced by Michelle and Daria, because they allow for this."

Planets with even more extreme, ultra-short orbits around stars unlike our sun are also detailed in the catalog. One is so close to its orange dwarf star it completes orbit in less than 12 hours.

"TOI-1798 c orbits its star so quickly that one year on this planet lasts less than half a day on Earth. Because of their proximity to their host stars, planets like this one are also ultra hot -- receiving more than 3,000 times the radiation that Earth receives from the sun," said Alex Polanski, University of Kansas physics and astronomy graduate student and lead author of the catalog paper.

"Existing in this extreme environment means that this planet has likely lost any atmosphere that it initially formed," Polanski said.

Ultimately, this new catalog represents a major contribution both to NASA's TESS mission, and toward answering the question of whether other planets are capable of hosting life as we know it.

"Are we unusual? The jury is still out on that one, but our new mass catalog represents a major step toward answering that question," Kane said.
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Mental disorders may spread in young people's social networks | ScienceDaily
Using population-wide registry data, researchers from the University of Helsinki, the Finnish Institute for Health and Welfare, the University of Jyvaskyla and the University of Manchester investigated whether mental disorders can be transmitted within social networks formed by school classes.


						
The study is the largest and most comprehensive so far on the spread of mental disorders in social networks, with more than 700,000 ninth-grade pupils from 860 Finnish schools participating. The adolescents were followed from the end of ninth grade for a median of 11 years.

The researchers demonstrated that the number of classmates diagnosed with a mental disorder was associated with a higher risk of receiving a mental disorder diagnosis later in life.

"The observed link was the strongest during the first year of follow-up in the study. This was not explained by a number of factors related to parents, school and residential area. The link was most pronounced in the case of mood, anxiety and eating disorders," says Associate Professor Christian Hakulinen of the University of Helsinki.

Research enabled by comprehensive Finnish registers

According to Hakulinen, prior studies have yielded similar results: for example, American researchers have observed indications of depressive symptoms potentially being transmitted from one individual to another in social networks.

In prior research, however, social networks have typically been chosen independently by the research subjects, which may result in bias in the data. Hakulinen points out that school classes are social networks well suited to research, as people are usually not able to choose their classmates.




"Defining the social networks and following adolescents were made possible by extensive Finnish registers. The findings significantly deepen our understanding of how mental health problems develop and affect other people in our social networks," he says.

Hakulinen nevertheless notes that the connection observed in the study is not necessarily causal. Furthermore, the study did not investigate how mental disorders can potentially be transmitted between individuals.

"It may be possible, for instance, that the threshold for seeking help for mental health issues is lowered when there are one or more people in your social network who have already sought help for their problems. In fact, this kind of normalisation of diagnosis and treatment can be considered beneficial contagion of mental disorders," Hakulinen says.

More preventive measures?

Mental disorders are a significant global challenge, adversely affecting individuals, society and the economy. According to Hakulinen, anxiety and mood symptoms in particular have in recent years increased among young people.

Previous studies have shown that, in roughly half of all cases, the onset of mental disorders in adulthood occurs when people are under 18. In fact, Hakulinen emphasises the importance of preventive measures and early intervention.

"When taking preventive measures, it's worthwhile considering that mental disorders can spread from one adolescent to another," Hakulinen says.

The study involved a total of 713,809 Finnish citizens born between 1985 and 1997. The adolescents were investigated from the end of comprehensive school until they received their first mental disorder diagnosis, relocated from the country or died. At the latest, the follow-up was discontinued at the end of 2019, resulting in a median follow-up period of 11.4 years. 

The study received funding from the European Research Council (ERC) and the Research Council of Finland.
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The global clean water crisis looms large | ScienceDaily
Water scarcity will intensify with climate and socioeconomic change, disproportionately impacting populations located in the Global South. So concludes a new Utrecht University article published in Nature Climate Change on 23 May 2024, which used a state-of-the-art global water quantity and quality model to estimate clean water scarcity until the end of the century.


						
Humans require clean water for drinking and sanitation purposes, but also for the production of food, energy and manufactured goods. As communities and policymakers grapple with water scarcity issues on the ground, researchers at Utrecht University aim to shed light on the escalating global clean water crisis.

Current and future water scarcity

Using simulations from a state-of-the-art water quantity and quality model, the authors assess present-day and future global water scarcity. "Climate change and socioeconomic developments have multi-faceted impacts on the availability and quality of, and demands for, water resources in the future," says lead author Dr. Edward Jones. "Changes in these three aspects are crucial for evaluating future water scarcity."

The study estimates that 55% of the global population currently lives in areas that experience a lack of clean water in at least one month per year. "By the end of the century, this may be as high as 66%," remarks Jones.

Strong regional differences in future water scarcity

While global water scarcity is projected to intensify in the future, both the changes and impacts will not occur equally across all world regions. Future increases in water scarcity in Western Europe and North America, for example, are concentrated in just a few months of the year -- predominantly driven by water quantity aspects. Conversely, water scarcity increases in developing countries are typically more widespread in space and persist for a larger portion of the year.




Jones remarks, "Increases in future exposure are largest in the Global South. These are typically driven by a combination of rapid population and economic growth, climate change and deteriorating water quality."

Quality: the invisible part of water scarcity

Water quality -- despite being crucial for safe water use -- remains an under-represented component of water scarcity assessments. "Previous assessments still predominantly focus on water quantity aspects only," explains Jones. "Yet, the safe use of water also depends on the quality."

Therefore, a key aim of this study was also to normalise the inclusion of water quality in water scarcity assessments -- and in the design of management strategies for alleviating water scarcity.

Jones concludes, "The lack of clean water presents a systemic risk to both humans and ecosystems, which is becoming increasingly difficult to ignore. Our work highlights that, alongside substantially reducing our water demands, we must place an equally strong focus on eliminating water pollution in order to turn the tide on the global water crisis."
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Potentially habitable 'exo-Venus' with Earth-like temperature discovered | ScienceDaily
Astronomers have made the rare and tantalising discovery of an Earth-like exoplanet 40 light-years away that may be just a little warmer than our own world.


						
The potentially-habitable planet, named Gliese 12 b, orbits its host star every 12.8 days, is comparable in size to Venus -- so slightly smaller than Earth -- and has an estimated surface temperature of 42degC (107degF), which is lower than most of the 5,000-odd exoplanets confirmed so far.

That is assuming it has no atmosphere, however, which is the crucial next step to establishing if it is habitable.

It may have an Earth-like atmosphere, one more akin to Venus -- which experienced a runaway greenhouse effect that made it a 400degC (752degF) hellhole -- no atmosphere, or perhaps a different kind of atmosphere not found in our solar system.

Getting an answer is vital because it would reveal if Gliese 12 b can maintain temperatures suitable for liquid water -- and possibly life -- to exist on its surface, while also unlocking answers about how and why Earth and Venus evolved so differently.

Gliese 12 b is by no means the first Earth-like exoplanet to have been discovered, but as NASA has said, there are only a handful of worlds like it that warrant a closer look.

It has been billed as "the nearest, transiting, temperate, Earth-size world located to date" and a potential target for further investigation by the US space agency's PS7.5billion James Webb Space Telescope.




The closest Earth-like exoplanet to us -- and possibly the most famous -- is Proxima Centauri b, which is only 4 light-years away. However, because it is not a transiting world we still have a lot to learn about it, including whether it has an atmosphere and the potential to harbour life.

Most exoplanets are discovered using the transit method, where a planet passes in front of its star from our point of view, causing a dip in the host star's brightness.

During a transit, the star's light also passes through an exoplanet's atmosphere and some wavelengths get absorbed. Different gas molecules absorb different colours, so the transit provides a set of chemical fingerprints that can be detected by telescopes like Webb.

Gliese 12 b could also be significant because it may help reveal whether the majority of stars in our Milky Way galaxy -- i.e. cool stars -- are capable of hosting temperate planets that have atmospheres and are therefore habitable.

The discovery of the 'exo-Venus', by two international teams of astronomers, has been published today in the Monthly Notices of the Royal Astronomical Society.

It orbits a cool red dwarf star called Gliese 12, which is almost 40 light-years away from Earth in the constellation Pisces.




"Gliese 12 b represents one of the best targets to study whether Earth-size planets orbiting cool stars can retain their atmospheres, a crucial step to advance our understanding of habitability on planets across our galaxy," said Shishir Dholakia, a doctoral student at the Centre for Astrophysics at the University of Southern Queensland in Australia.

He co-led a research team with Larissa Palethorpe, a doctoral student at the University of Edinburgh and University College London.

The exoplanet's host star is about 27 per cent of the size of our Sun and has a surface temperature that is around 60 per cent of our own star.

However, the distance separating Gliese 12 and the new planet is just 7 per cent of the distance between Earth and the Sun. Gliese 12 b therefore receives 1.6 times more energy from its star as Earth does from the Sun and about 85 per cent of what Venus experiences.

This difference in solar radiation is important because it means the planet's surface temperature is highly dependent on its atmospheric conditions. As a comparison to Gliese 12 b's estimated surface temperature of 42degC (107degF), Earth has an average surface temperature of 15degC (59degF).

"Atmospheres trap heat and -- depending on the type -- can change the actual surface temperature substantially," Dholakia explained. "We are quoting the planet's 'equilibrium temperature', which is the temperature the planet would be if it had no atmosphere.

"Much of the scientific value of this planet is to understand what kind of atmosphere it could have. Since Gliese 12 b gets in between the amount of light as Earth and Venus get from the Sun, it will be valuable for bridging the gap between these two planets in our solar system."

Palethorpe added: "It is thought that Earth's and Venus's first atmospheres were stripped away and then replenished by volcanic outgassing and bombardments from residual material in the solar system.

"The Earth is habitable, but Venus is not due to its complete loss of water. Because Gliese 12 b is between Earth and Venus in temperature, its atmosphere could teach us a lot about the habitability pathways planets take as they develop."

The researchers, along with another team in Tokyo, used observations by NASA's TESS (Transiting Exoplanet Survey Satellite) to help make their discovery.

"We've found the nearest, transiting, temperate, Earth-size world located to date," said Masayuki Kuzuhara, a project assistant professor at the Astrobiology Center in Tokyo, who co-led a research team with Akihiko Fukui, a project assistant professor at the University of Tokyo.

"Although we don't yet know whether it possesses an atmosphere, we've been thinking of it as an exo-Venus, with similar size and energy received from its star as our planetary neighbour in the solar system."

An important factor in retaining an atmosphere is the storminess of its star. Red dwarfs tend to be magnetically active, resulting in frequent, powerful X-ray flares.

However, analyses by both teams conclude that Gliese 12 shows no signs of such extreme behaviour, raising hopes that Gliese 12 b's atmosphere may still be intact.

"We know of only a handful of temperate planets similar to Earth that are both close enough to us and meet other criteria needed for this kind of study, called transmission spectroscopy, using current facilities," said Michael McElwain, a research astrophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and a co-author of the Kuzuhara and Fukui paper.

"To better understand the diversity of atmospheres and evolutionary outcomes for these planets, we need more examples like Gliese 12 b."

At 40 light-years from Earth, Gliese 12 b is about the same distance as the TRAPPIST-1 system.

This is made up of seven planets, all roughly in Earth's size range and likely rocky, orbiting a red dwarf star.

Three of these are in the habitable zone but at least two -- and probably all of them -- have no atmosphere and are likely barren, dismissing hopes when they were first discovered eight years ago that they could be water worlds hosting life.
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Foraging ants navigate more efficiently when given energy-drink-like doses of caffeine | ScienceDaily
Ants who receive a caffeine-laced sugary reward become more efficient at navigating back to the reward's location compared to ants that only receive sugar. Researchers report on May 23 in the journal iScience that caffeinated ants move toward the reward via a more direct path but do not increase their speed, suggesting that caffeine improved their ability to learn. The study was conducted on Argentine ants (Linepithema humile), a globally invasive species, and the researchers say that incorporating caffeine into ant baits could aid efforts to control the ants by improving bait uptake.


						
"The idea with this project was to find some cognitive way of getting the ants to consume more of the poisonous baits we put in the field," says the first author and doctoral researcher Henrique Galante, a computational biologist at the University of Regensburg. "We found that intermediate doses of caffeine actually boost learning -- when you give them a bit of caffeine, it pushes them into having straighter paths and being able to reach the reward faster."

Argentine ants are one of the most ecologically harLmful and costly invasive species worldwide. Control efforts, which focus on using poisonous baits, have proven ineffective, likely due to low bait uptake and bait abandonment. The researchers wanted to test whether using caffeine, which has been shown to improve learning in honeybees and bumblebees, might improve the ants' ability to learn the bait location and guide their nestmates back there.

"We're trying to make them better at finding these baits, because the faster they go and come back to them, the more pheromone trails they lay, the more ants will come, and, therefore, the faster they will spread the poison in the colony before they realize it's poison," says Galante.

In the lab, the researchers tested whether different concentrations of caffeine would impact the ants' ability to locate and relocate a sugary reward. The ants walked down a Lego drawbridge onto a testing platform -- an A4 sheet of paper overlaying an acrylic surface -- on which the researchers had placed a drop of sucrose solution laced with 0, 25 ppm, 250 ppm, or 2,000 ppm of caffeine.

"The lowest dose we used is what you find in natural plants, the intermediate dose is similar to what you would find in some energy drinks, and the highest amount is set to be the LD50 of bees -- where half the bees fed this dose die -- so it's likely to be quite toxic for them," says Galante.

The researchers used an automated tracking system to monitor how fast the ants traveled to and from the reward and the directness of their route. Overall, they tested 142 ants, and each ant was tested four times. The ants were given the opportunity to offload the food they had collected in between trials, and researchers also removed and replaced the piece of paper so that the ants would not be able to follow their own pheromone trail back to the reward location.




Without caffeine, the ants did not learn to navigate to the reward location more quickly on subsequent foraging trips, suggesting that they had not successfully committed its location to memory. However, ants whose sugary reward contained low or intermediate doses of caffeine became more efficient at relocating the reward. Foraging time dropped by 28% per visit for ants that received 25 ppm of caffeine and by 38% per visit for ants that received 250 ppm of caffeine, meaning that if an ant took 300 s in its first visit, by the final trial, it would be expected to take 113 s at the low caffeine dose and 54 s at the intermediate dose. This effect was not seen at the highest caffeine dose.

The researchers showed that caffeine lowered the ants' foraging times by making them more efficient, not by making them speedier. There was no effect of caffeine on the ants' pace at any dosage, but ants that received low to intermediate doses of caffeine trips traveled by less tortuous paths.

"What we see is that they're not moving faster, they're just being more focused on where they're going," says Galante. "This suggests that they know where they want to go, therefore, they have learned the locations of the reward."

Caffeine had no impact on the ants' homing ability (how efficiently they traveled back to the nest), though their paths home became less winding with each trip regardless of caffeine.

The researchers are optimistic that caffeine could help efforts to control Argentine ants, but further research is needed first. They're currently testing caffeine-laced baits in a more naturalistic field setting in Spain and also plan to investigate whether there is any interaction between caffeine and the bait poison.

This research was supported by the European Research Council, the Deutsche Forschungsgemeinschaft, and the University of Regensburg
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Australian study proves 'humans are planet's most frightening predator' | ScienceDaily
Australia lacks fearsome large carnivores like lions and wolves, and the relative lack of fear that marsupials like kangaroos and wallabies show to dogs (and other introduced carnivores) has been attributed to a lack of evolutionary experience with large mammalian predators. This, however, overlooks the 50,000-year-long presence in Australia of the world's most fearsome predator -- the human 'super predator.'


						
A new study conducted by Western University biology professor Liana Zanette, in collaboration with Calum Cunningham and Chris Johnson from the University of Tasmania, demonstrates kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator. Findings of the study, were published May 21 in the journal Proceedings of the Royal Society B.

These results greatly strengthen findings from similar studies by Zanette and her collaborators, and others, conducted in North America, Europe, Africa and Asia, which show wildlife worldwide fear the human 'super predator' far more than lions, leopards, cougars, bears, wolves or dogs.

For this new study, Zanette and her colleagues worked in the eucalypt forest in Tasmania and experimentally demonstrated that kangaroos, wallabies and other marsupials were 2.4 times more likely to flee in response to hearing human voices compared to hearing dogs, Tasmanian devils or wolves. Every species in the marsupial community, moreover, demonstrated the same pattern, being roughly twice as likely to flee from humans as the next most frightening predator, which in each case was dogs, and all were most vigilant to humans.

"These results greatly expand the growing experimental evidence that wildlife worldwide perceive humans as the planet's most frightening predator," said Zanette, a renowned wildlife ecologist. "The very substantial fear of humans demonstrated here, and in comparable recent experiments, can be expected to have dramatic ecological consequences, because other new research has established that fear itself can reduce wildlife numbers, and fear of humans can cause cascading impacts on multiple species throughout entire landscapes."

To conduct their experiment, the team deployed hidden automated camera-speaker systems that, when triggered by an animal passing within a short distance (approximately 10 meters, or 30 feet), filmed the response to humans speaking calmly, dogs barking, Tasmanian devils snarling, wolves howling or non-threatening controls, such as sheep bleating.

"Global surveys show humans kill prey at much higher rates than other predators, making humans a 'super predator,' and the profound fear of humans being revealed in wildlife everywhere is wholly consistent with humanity's unique lethality," said Zanette. "Humans are 'the invisible killer' insofar as we do not often think of ourselves as a major predator, let alone the most dangerous, but wildlife clearly think differently -- and recognize us for what we are."
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Cement recycling method could help solve one of the world's biggest climate challenges | ScienceDaily
Researchers from the University of Cambridge have developed a method to produce very low emission concrete at scale -- an innovation that could be transformative in the transition to net zero.


						
The method, which the researchers say is "an absolute miracle," uses the electrically-powered arc furnaces used for steel recycling to simultaneously recycle cement, the carbon-hungry component of concrete.

Concrete is the second-most-used material on the planet, after water, and is responsible for approximately 7.5% of total anthropogenic CO2 emissions. A scalable, cost-effective way of reducing concrete emissions while meeting global demand is one of the world's biggest decarbonisation challenges.

The Cambridge researchers found that used cement is an effective substitute for lime flux, which is used in steel recycling to remove impurities and normally ends up as a waste product known as slag. But by replacing lime with used cement, the end product is recycled cement that can be used to make new concrete.

The cement recycling method developed by the Cambridge researchers, reported in the journal Nature, does not add any significant costs to concrete or steel production and significantly reduces emissions from both concrete and steel, due to the reduced need for lime flux.

Recent tests carried out by the Materials Processing Institute, a partner in the project, showed that recycled cement can be produced at scale in an electric arc furnace (EAF), the first time this has been achieved. Eventually, this method could produce zero emission cement, if the EAF was powered by renewable energy.

"We held a series of workshops with members of the construction industry on how we could reduce emissions from the sector," said Professor Julian Allwood from Cambridge's Department of Engineering, who led the research. "Lots of great ideas came out of those discussions, but one thing they couldn't or wouldn't consider was a world without cement."

Concrete is made from sand, gravel, water, and cement, which serves as a binder. Although it's a small proportion of concrete, cement is responsible for almost 90% of concrete emissions. Cement is made through a process called clinkering, where limestone and other raw materials are crushed and heated to about 1,450degC in large kilns. This process converts the materials into cement, but releases large amounts of CO2 as limestone decarbonates into lime.




Over the past decade, scientists have been investigating substitutes for cement, and have found that roughly half of the cement in concrete can be replaced with alternative materials, such as fly ash, but these alternatives need to be chemically activated by the remaining cement in order to harden.

"It's also a question of volume -- we don't physically have enough of these alternatives to keep up with global cement demand, which is roughly four billion tonnes per year," said Allwood. "We've already identified the low hanging fruit that helps us use less cement by careful mixing and blending, but to get all the way to zero emissions, we need to start thinking outside the box."

"I had a vague idea from previous work that if it were possible to crush old concrete, taking out the sand and stones, heating the cement would remove the water, and then it would form clinker again," said first author Dr Cyrille Dunant, also from the Department of Engineering. "A bath of liquid metal would help this chemical reaction along, and an electric arc furnace, used to recycle steel, felt like a strong possibility. We had to try."

The clinkering process requires heat and the right combination of oxides, all of which are in used cement, but need to be reactivated. The researchers tested a range of slags, made from demolition waste and added lime, alumina and silica. The slags were processed in the Materials Processing Institute's EAF with molten steel and rapidly cooled.

"We found the combination of cement clinker and iron oxide is an excellent steelmaking slag because it foams and it flows well," said Dunant. "And if you get the balance right and cool the slag quickly enough, you end up with reactivated cement, without adding any cost to the steelmaking process."

The cement made through this recycling process contains higher levels of iron oxide than conventional cement, but the researchers say this has little effect on performance.




The Cambridge Electric Cement process has been scaling rapidly, and the researchers say they could be producing one billion tonnes per year by 2050, which represents roughly a quarter of current annual cement production.

"Producing zero emissions cement is an absolute miracle, but we've also got to reduce the amount of cement and concrete we use," said Allwood. "Concrete is cheap, strong and can be made almost anywhere, but we just use far too much of it. We could dramatically reduce the amount of concrete we use without any reduction in safety, but there needs to be political will to make that happen.

"As well as being a breakthrough for the construction industry, we hope that Cambridge Electric Cement will also be a flag to help the government recognise that the opportunities for innovation on our journey to zero emissions extend far beyond the energy sector."

The researchers have filed a patent on the process to support its commercialisation. The research was supported in part by Innovate UK and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI).
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Using wobbling stellar material, astronomers measure the spin of a supermassive black hole for the first time | ScienceDaily
Astronomers at MIT, NASA, and elsewhere have a new way to measure how fast a black hole spins, by using the wobbly aftermath from its stellar feasting.


						
The method takes advantage of a black hole tidal disruption event -- a blazingly bright moment when a black hole exerts tides on a passing star and rips it to shreds. As the star is disrupted by the black hole's immense tidal forces, half of the star is blown away, while the other half is flung around the black hole, generating an intensely hot accretion disk of rotating stellar material.

The MIT-led team has shown that the wobble of the newly created accretion disk is key to working out the central black hole's inherent spin.

In a study appearing in Nature, the astronomers report that they have measured the spin of a nearby supermassive black hole by tracking the pattern of X-ray flashes that the black hole produced immediately following a tidal disruption event. The team followed the flashes over several months and determined that they were likely a signal of a bright-hot accretion disk that wobbled back and forth as it was pushed and pulled by the black hole's own spin.

By tracking how the disk's wobble changed over time, the scientists could work out how much the disk was being affected by the black hole's spin, and in turn, how fast the black hole itself was spinning. Their analysis showed that the black hole was spinning at less than 25 percent the speed of light -- relatively slow, as black holes go.

The study's lead author, MIT Research Scientist Dheeraj "DJ" Pasham, says the new method could be used to gauge the spins of hundreds of black holes in the local universe in the coming years. If scientists can survey the spins of many nearby black holes, they can start to understand how the gravitational giants evolved over the history of the universe.

"By studying several systems in the coming years with this method, astronomers can estimate the overall distribution of black hole spins and understand the longstanding question of how they evolve over time," says Pasham, who is a member of MIT's Kavli Institute for Astrophysics and Space Research.




The study's co-authors include collaborators from a number of institutions, including NASA, Masaryk University in the Czech Republic, the University of Leeds, the University of Syracuse, Tel Aviv University, the Polish Academy of Sciences, and elsewhere.

Shredded heat

Every black hole has an inherent spin that has been shaped by its cosmic encounters over time. If, for instance, a black hole has grown mostly through accretion -- brief instances when some material falls onto the disk, this causes the black hole to spin up to quite high speeds. In contrast, if a black hole grows mostly by merging with other black holes, each merger could slow things down as one black hole's spin meets up against the spin of the other.

As a black hole spins, it drags the surrounding space-time around with it. This drag effect is an example of Lense-Thirring precession, a longstanding theory that describes the ways in which extremely strong gravitational fields, such as those generated by a black hole, can pull on the surrounding space and time. Normally, this effect would not be obvious around black holes, as the massive objects emit no light.

But in recent years, physicists have proposed that, in instances such as during a tidal disruption event, or TDE, scientists might have a chance to track the light from stellar debris as it is dragged around. Then, they might hope to measure the black hole's spin.

In particular, during a TDE, scientists predict that a star may fall onto a black hole from any direction, generating a disk of white-hot, shredded material that could be tilted, or misaligned, with respect to the black hole's spin. (Imagine the accretion disk as a tilted donut that is spinning around a donut hole that has its own, separate spin.) As the disk encounters the black hole's spin, it wobbles as the black hole pulls it into alignment. Eventually, the wobbling subsides as the disk settles into the black hole's spin. Scientists predicted that a TDE's wobbling disk should therefore be a measurable signature of the black hole's spin.




"But the key was to have the right observations," Pasham says. "The only way you can do this is, as soon as a tidal disruption event goes off, you need to get a telescope to look at this object continuously, for a very long time, so you can probe all kinds of timescales, from minutes to months."

A high-cadence catch

For the past five years, Pasham has looked for tidal disruption events that are bright enough, and near enough, to quickly follow up and track for signs of Lense-Thirring precession. In February of 2020, he and his colleagues got lucky, with the detection of AT2020ocn, a bright flash, emanating from a galaxy about a billion light years away, that was initially spotted in the optical band by the Zwicky Transient Facility.

From the optical data, the flash appeared to be the first moments following a TDE. Being both bright and relatively close by, Pasham suspected the TDE might be the ideal candidate to look for signs of disk wobbling, and possibly measure the spin of the black hole at the host galaxy's center. But for that, he would need much more data.

"We needed quick and high-cadence data," Pasham says. "The key was to catch this early on because this precession, or wobble, should only be present early on. Any later, and the disk would not wobble anymore."

The team discovered that NASA's NICER telescope was able to catch the TDE and continuously keep an eye on it over months at a time. NICER -- an abbreviation for Neutron star Interior Composition ExploreR -- is an X-ray telescope on the International Space Station that measures X-ray radiation around black holes and other extreme gravitational objects.

Pasham and his colleagues looked through NICER's observations of AT2020ocn over 200 days following the initial detection of the tidal disruption event. They discovered that the event emitted X-rays that appeared to peak every 15 days, for several cycles, before eventually petering out. They interpreted the peaks as times when the TDE's accretion disk wobbled face-on, emitting X-rays directly toward NICER's telescope, before wobbling away as it continued to emit X-rays (similar to waving a flashlight toward and away from someone every 15 days).

The researchers took this pattern of wobbling and worked it into the original theory for Lense-Thirring precession. Based on estimates of the black hole's mass, and that of the disrupted star, they were able to come up with an estimate for the black hole's spin -- less than 25 percent the speed of light.

Their results mark the first time that scientists have used observations of a wobbling disk following a tidal disruption event to estimate the spin of a black hole. As new telescopes such as the Rubin Observatory come online in the coming years, Pasham foresees more opportunities to pin down black hole spins.

"The spin of a supermassive black hole tells you about the history of that black hole," Pasham says. "Even if a small fraction of those that Rubin captures have this kind of signal, we now have a way to measure the spins of hundreds of TDEs. Then we could make a big statement about how black holes evolve over the age of the universe."

This research was funded, in part, by NASA and the European Space Agency.
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The origin of the sun's magnetic field could lie close to its surface | ScienceDaily
The sun's surface is a brilliant display of sunspots and flares driven by the solar magnetic field, which is internally generated through a process called dynamo action. Astrophysicists have assumed that the sun's field is generated deep within the star. But an MIT study finds that the sun's activity may be shaped by a much shallower process.


						
In a paper appearing in Nature, researchers at MIT, the University of Edinburgh, and elsewhere find that the sun's magnetic field could arise from instabilities within the sun's outermost layers.

The team generated a precise model of the sun's surface and found that when they simulated certain perturbations, or changes in the flow of plasma (ionized gas) within the top 5 to 10 percent of the sun, these surface changes were enough to generate realistic magnetic field patterns, with similar characteristics to what astronomers have observed on the sun. In contrast, their simulations in deeper layers produced less realistic solar activity.

The findings suggest that sunspots and flares could be a product of a shallow magnetic field, rather than a field that originates deeper in the sun, as scientists had largely assumed.

"The features we see when looking at the sun, like the corona that many people saw during the recent solar eclipse, sunspots, and solar flares, are all associated with the sun's magnetic field," says study author Keaton Burns, a research scientist in MIT's Department of Mathematics. "We show that isolated perturbations near the sun's surface, far from the deeper layers, can grow over time to potentially produce the magnetic structures we see."

If the sun's magnetic field does in fact arise from its outermost layers, this might give scientists a better chance at forecasting flares and geomagnetic storms that have the potential to damage satellites and telecommunications systems.

"We know the dynamo acts like a giant clock with many complex interacting parts," says co-author Geoffrey Vasil, a researcher at the University of Edinburgh. "But we don't know many of the pieces or how they fit together. This new idea of how the solar dynamo starts is essential to understanding and predicting it."

The study's co-authors also include Daniel Lecoanet and Kyle Augustson of Northwestern University, Jeffrey Oishi of Bates College, Benjamin Brown and Keith Julien of the University of Colorado at Boulder, and Nicholas Brummell of the University of California at Santa Cruz.




Flow zone

The sun is a white-hot ball of plasma that's boiling on its surface. This boiling region is called the "convection zone," where layers and plumes of plasma roil and flow. The convection zone comprises the top one-third of the sun's radius and stretches about 200,000 kilometers below the surface.

"One of the basic ideas for how to start a dynamo is that you need a region where there's a lot of plasma moving past other plasma, and that shearing motion converts kinetic energy into magnetic energy," Burns explains. "People had thought that the sun's magnetic field is created by the motions at the very bottom of the convection zone."

To pin down exactly where the sun's magnetic field originates, other scientists have used large three-dimensional simulations to try to solve for the flow of plasma throughout the many layers of the sun's interior. "Those simulations require millions of hours on national supercomputing facilities, but what they produce is still nowhere near as turbulent as the actual sun," Burns says.

Rather than simulating the complex flow of plasma throughout the entire body of the sun, Burns and his colleagues wondered whether studying the stability of plasma flow near the surface might be enough to explain the origins of the dynamo process.

To explore this idea, the team first used data from the field of "helioseismology," where scientists use observed vibrations on the sun's surface to determine the average structure and flow of plasma beneath the surface.




"If you take a video of a drum and watch how it vibrates in slow motion, you can work out the drumhead's shape and stiffness from the vibrational modes," Burns says. "Similarly, we can use vibrations that we see on the solar surface to infer the average structure on the inside."

Solar onion

For their new study, the researchers collected models of the sun's structure from helioseismic observations. "These average flows look sort like an onion, with different layers of plasma rotating past each other," Burns explains. "Then we ask: Are there perturbations, or tiny changes in the flow of plasma, that we could superimpose on top of this average structure, that might grow to cause the sun's magnetic field?"

To look for such patterns, the team utilized the Dedalus Project -- a numerical framework that Burns developed that can simulate many types of fluid flows with high precision. The code has been applied to a wide range of problems, from modeling the dynamics inside individual cells, to ocean and atmospheric circulations.

"My collaborators have been thinking about the solar magnetism problem for years, and the capabilities of Dedalus have now reached the point where we could address it," Burns says.

The team developed algorithms that they incorporated into Dedalus to find self-reinforcing changes in the sun's average surface flows. The algorithm discovered new patterns that could grow and result in realistic solar activity. In particular, the team found patterns that match the locations and timescales of sunspots that have been have observed by astronomers since Galileo in 1612.

Sunspots are transient features on the surface of the sun that are thought to be shaped by the sun's magnetic field. These relatively cooler regions appear as dark spots in relation to the rest of the sun's white-hot surface. Astronomers have long observed that sunspots occur in a cyclical pattern, growing and receding every 11 years, and generally gravitating around the equator, rather than near the poles.

In the team's simulations, they found that certain changes in the flow of plasma, within just the top 5 to 10 percent of the sun's surface layers, were enough to generate magnetic structures in the same regions. In contrast, changes in deeper layers produce less realistic solar fields that are concentrated near the poles, rather than near the equator.

The team was motivated to take a closer look at flow patterns near the surface as conditions there resembled the unstable plasma flows in entirely different systems: the accretion disks around black holes. Accretion disks are massive disks of gas and stellar dust that rotate in towards a black hole, driven by the "magnetorotational instability," which generates turbulence in the flow and causes it to fall inward.

Burns and his colleagues suspected that a similar phenomena is at play in the sun, and that the magnetorotational instability in the sun's outermost layers could be the first step in generating the sun's magnetic field.

"I think this result may be controversial," he ventures. "Most of the community has been focused on finding dynamo action deep in the sun. Now we're showing there's a different mechanism that seems to be a better match to observations." Burns says that the team is continuing to study if the new surface field patterns can generate individual sunspots and the full 11-year solar cycle.

This research was supported, in part, by NASA.
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Promethium bound: Rare earth element's secrets exposed | ScienceDaily
Scientists have uncovered the properties of a rare earth element that was first discovered 80 years ago at the very same laboratory, opening a new pathway for the exploration of elements critical in modern technology, from medicine to space travel.


						
Promethium was discovered in 1945 at Clinton Laboratories, now the Department of Energy's Oak Ridge National Laboratory, and continues to be produced at ORNL in minute quantities. Some of its properties have remained elusive despite the rare earth element's use in medical studies and long-lived nuclear batteries. It is named after the mythological Titan who delivered fire to humans and whose name symbolizes human striving.

"The whole idea was to explore this very rare element to gain new knowledge," said Alex Ivanov, an ORNL scientist who co-led the research. "Once we realized it was discovered at this national lab and the place where we work, we felt an obligation to conduct this research to uphold the ORNL legacy."

The ORNL-led team of scientists prepared a chemical complex of promethium, which enabled its characterization in solution for the first time. Thus, they exposed the secrets of this extremely rare lanthanide, whose atomic number is 61, in a series of meticulous experiments.

Their landmark study, published in the journal Nature, marks a significant advance in rare earth research and might rewrite chemistry textbooks.

"Because it has no stable isotopes, promethium was the last lanthanide to be discovered and has been the most difficult to study," said ORNL's Ilja Popovs, who co-led the research. Most rare earth elements are lanthanides, elements from 57 -- lanthanum -- to 71 -- lutetium -- on the periodic table. They have similar chemical properties but differ in size.

The other 14 lanthanides are well understood. They are metals with useful properties that make them indispensable in many modern technologies. They are workhorses of applications such as lasers, permanent magnets in wind turbines and electric vehicles, X-ray screens and even cancer-fighting medicines.




"There are thousands of publications on lanthanides' chemistry without promethium. That was a glaring gap for all of science," said ORNL's Santa Jansone-Popova, who co-led the study. "Scientists have to assume most of its properties. Now we can actually measure some of them."

The research relied on unique resources and expertise available at DOE national laboratories. Using a research reactor, hot cells and supercomputers, as well as the accumulated knowledge and skills of 18 scientists in different fields, the authors detailed the first observation of a promethium complex in solution.

The ORNL scientists bound, or chelated, radioactive promethium with special organic molecules called diglycolamide ligands. Then, using X-ray spectroscopy, they determined the properties of the complex, including the length of the promethium chemical bond with neighboring atoms -- a first for science and a longstanding missing piece to the periodic table of elements.

Promethium is very rare; only about a pound occurs naturally in the Earth's crust at any given time. Unlike other rare earth elements, only minute quantities of synthetic promethium are available because it has no stable isotopes.

For this study, the ORNL team produced the isotope promethium-147, with a half-life of 2.62 years, in sufficient quantities and at a high enough purity to study its chemical properties. ORNL is the United States' only producer of promethium-147.

Notably, the team provided the first demonstration of a feature of lanthanide contraction in solution for the whole lanthanide series, including promethium, atomic number 61. Lanthanide contraction is a phenomenon in which elements with atomic numbers between 57 and 71 are smaller than expected. As the atomic numbers of these lanthanides increase, the radii of their ions decrease. This contraction creates distinctive chemical and electronic properties because the same charge is limited to a shrinking space. The ORNL scientists got a clear promethium signal, which enabled them to better define the shape of the trend -- across the series.




"It's really astonishing from a scientific viewpoint. I was struck once we had all the data," said Ivanov. "The contraction of this chemical bond accelerates along this atomic series, but after promethium, it considerably slows down. This is an important landmark in understanding the chemical bonding properties of these elements and their structural changes along the periodic table."

Many of these elements, such as those in the lanthanide and actinide series, have applications ranging from cancer diagnostics and treatment to renewable energy technologies and long-lived nuclear batteries for deep space exploration.

The achievement will, among other things, ease the difficult job of separating these valuable elements, according to Jansone-Popova. The team has long worked on separations for the whole series of lanthanides, "but promethium was the last puzzle piece. It was quite challenging," she said. "You cannot utilize all these lanthanides as a mixture in modern advanced technologies, because first you need to separate them. This is where the contraction becomes very important; it basically allows us to separate them, which is still quite a difficult task."

The research team used several premier DOE facilities in the project. At ORNL, promethium was synthesized at the High Flux Isotope Reactor, a DOE Office of Science user facility, and purified at the Radiochemical Engineering Development Center, a multipurpose radiochemical processing and research facility. Then, the team performed X-ray absorption spectroscopy at the National Synchrotron Light Source II, a DOE Office of Science user facility at DOE's Brookhaven National Laboratory, specifically working at the Beamline for Materials Measurement, which is funded and operated by the National Institute of Standards and Technology.

The team also performed quantum chemical calculations and molecular dynamics simulations at the Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility at ORNL, using the lab's Summit supercomputer, the only computational resource capable of providing the necessary calculations at the time. In addition, the researchers used resources of the Compute and Data Environment for Science at ORNL. They expect future calculations to be performed on ORNL's Frontier, the world's most powerful supercomputer and the first exascale system, which is able to perform more than a quintillion calculations each second.

Popovs emphasized that the ORNL-led accomplishments can be attributed to teamwork. Each of the Nature paper's 18 authors was critical to the project, he said.

The achievement sets the stage for a new era of research, the scientists said. "Anything that we would call a modern marvel of technology would include, in one shape or another, these rare earth elements," Popovs said. "We are adding the missing link."

Besides Popovs, Ivanov and Jansone-Popova from ORNL's Chemical Sciences Division, the paper's co-authors include Darren Driscoll, Subhamay Pramanik, Jeffrey Einkauf, Santanu Roy and Thomas Dyke, also of ORNL's Chemical Sciences Division; Frankie White, Richard Mayes, Laetitia Delmau, Samantha Cary, April Miller and Sandra Davern of ORNL's Radioisotope Science and Technology Division; Matt Silveira and Shelley VanCleve of ORNL's Isotope Processing and Manufacturing Division; Dmytro Bykov of the National Center for Computational Sciences at ORNL; and Bruce Ravel of the National Institute of Standards and Technology.

This work was primarily co-sponsored by DOE's Office of Science for ligand synthesis, lanthanide complexation studies, crystallization processes, spectroscopic analyses and simulation efforts. The production, purification and preparation of the promethium sample were supported by the DOE Isotope Program, managed by the Office of Science for Isotope R&D and Production. The single-crystal X-ray diffraction data collection and refinement were supported by the DOE Office of Science.
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Under extreme impacts, metals get stronger when heated, study finds | ScienceDaily
Metals get softer when they are heated, which is how blacksmiths can form iron into complex shapes by heating it red hot. And anyone who compares a copper wire with a steel coat hanger will quickly discern that copper is much more pliable than steel.


						
But scientists at MIT have discovered that when metal is struck by an object moving at a super high velocity, the opposite happens: The hotter the metal, the stronger it is. Under those conditions, which put extreme stress on the metal, copper can actually be just as strong as steel. The new discovery could lead to new approaches to designing materials for extreme environments, such as shields that protect spacecraft or hypersonic aircraft, or equipment for high-speed manufacturing processes.

The findings are described in a paper appearing today in the journal Nature, by Ian Dowding, an MIT graduate student, and Christopher Schuh, former head of MIT's Department of Materials Science and Engineering, now dean of engineering at Northwestern University and visiting professor at MIT.

The new finding, the authors write, "is counterintuitive and at odds with decades of studies in less extreme conditions." The unexpected results could affect a variety of applications because the extreme velocities involved in these impacts occur routinely in meteorite impacts on spacecraft in orbit and in high-speed machining operations used in manufacturing, sandblasting, and some additive manufacturing (3D printing) processes.

The experiments the researchers used to find this effect involved shooting tiny particles of sapphire, just millionths of a meter across, at flat sheets of metal. Propelled by laser beams, the particles reached high velocities, on the order of a few hundred meters per second. While other researchers have occasionally done experiments at similarly high velocities, they have tended to use larger impactors, at the scale of centimeters or larger. Because these larger impacts were dominated by effects of the shock of the impact, there was no way to separate out the mechanical and thermal effects.

The tiny particles in the new study don't create a significant pressure wave when they hit the target. But it has taken a decade of research at MIT to develop methods of propelling such microscopic particles at such high velocities. "We've taken advantage of that," Schuh says, along with other new techniques for observing the high-speed impact itself.

The team used extremely high-speed cameras "to watch the particles as they come in and as they fly away," he says. As the particles bounce off the surface, the difference between the incoming and outgoing velocities "tells you how much energy was deposited" into the target, which is an indicator of the surface strength.




The tiny particles they used were made of alumina, or sapphire, and are "very hard," Dowding says. At 10 to 20 microns (millionths of a meter) across, these are between one-tenth and one-fifth of the thickness of a human hair. When the launchpad behind those particles is hit by a laser beam, part of the material vaporizes, creating a jet of vapor that propels the particle in the opposite direction.

The researchers shot the particles at samples of copper, titanium, and gold, and they expect their results should apply to other metals as well. They say their data provide the first direct experimental evidence for this anomalous thermal effect of increased strength with greater heat, although hints of such an effect had been reported before.

The surprising effect appears to result from the way the orderly arrays of atoms that make up the crystalline structure of metals move under different conditions, according to the researchers' analysis. They show that there are three separate effects governing how metal deforms under stress, and while two of these follow the predicted trajectory of increasing deformation at higher temperatures, it is the third effect, called drag strengthening, that reverses its effect when the deformation rate crosses a certain threshold.

Beyond this crossover point, the higher temperature increases the activity of phonons -- waves of sound or heat -- within the material, and these phonons interact with dislocations in the crystalline lattice in a way that limits their ability to slip and deform. The effect increases with increased impact speed and temperature, Dowding says, so that "the faster you go, the less the dislocations are able to respond."

Of course, at some point the increased temperature will begin to melt the metal, and at that point the effect will reverse again and lead to softening. "There will be a limit" to this strengthening effect, Dowding says, "but we don't know what it is."

The findings could lead to different choices of materials when designing devices that may encounter such extreme stresses, Schuh says. For example, metals that may ordinarily be much weaker, but that are less expensive or easier to process, might be useful in situations where nobody would have thought to use them before.

The extreme conditions the researchers studied are not confined to spacecraft or extreme manufacturing methods. "If you are flying a helicopter in a sandstorm, a lot of these sand particles will reach high velocities as they hit the blades," Dowding says, and under desert conditions they may reach the high temperatures where these hardening effects kick in.

The techniques the researchers used to uncover this phenomenon could be applied to a variety of other materials and situations, including other metals and alloys. Designing materials to be used in extreme conditions by simply extrapolating from known properties at less extreme conditions could lead to seriously mistaken expectations about how materials will behave under extreme stresses, they say.

The research was supported by the U.S. Department of Energy.
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New AI accurately predicts fly behavior | ScienceDaily
We've been told, "The eyes are the window to the soul." Well, windows work two ways. Our eyes are also our windows to the world. What we see and how we see it help determine how we move through the world. In other words, our vision helps guide our actions, including social behaviors. Now, a young Cold Spring Harbor Laboratory (CSHL) scientist has uncovered a major clue into how this works. He did it by building a special AI model of the common fruit fly brain.


						
CSHL Assistant Professor Benjamin Cowley and his team honed their AI model through a technique they developed called "knockout training." First, they recorded a male fruit fly's courtship behavior -- chasing and singing to a female. Next, they genetically silenced specific types of visual neurons in the male fly and trained their AI to detect any changes in behavior. By repeating this process with many different visual neuron types, they were able to get the AI to accurately predict how the real fruit fly would act in response to any sight of the female.

"We can actually predict neural activity computationally and ask how specific neurons contribute to behavior," Cowley says. "This is something we couldn't do before."

With their new AI, Cowley's team discovered that the fruit fly brain uses a "population code" to process visual data. Instead of one neuron type linking each visual feature to one action, as previously assumed, many combinations of neurons were needed to sculpt behavior. A chart of these neural pathways looks like an incredibly complex subway map and will take years to decipher. Still, it gets us where we need to go. It enables Cowley's AI to predict how a real-life fruit fly will behave when presented with visual stimuli.

Does this mean AI could someday predict human behavior? Not so fast. Fruit fly brains contain about 100,000 neurons. The human brain has almost 100 billion.

"This is what it's like for the fruit fly. You can imagine what our visual system is like, " says Cowley, referring to the subway map.

Still, Cowley hopes his AI model will someday help us decode the computations underlying the human visual system.

"This is going to be decades of work. But if we can figure this out, we're ahead of the game," says Cowley. "By learning [fly] computations, we can build a better artificial visual system. More importantly, we're going to understand disorders of the visual system in much better detail."

How much better? You'll have to see it to believe it.
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Ancient viral DNA in the human genome linked to major psychiatric disorders | ScienceDaily
New research led by King's College London has found that thousands of DNA sequences originating from ancient viral infections are expressed in the brain, with some contributing to susceptibility for psychiatric disorders such as schizophrenia, bipolar disorder, and depression.


						
Published in Nature Communications, the study was part-funded by the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre and the US National Institutes of Health (NIH).

About eight percent of our genome is made up of sequences called Human Endogenous Retroviruses (HERVs), which are products of ancient viral infections that occurred hundreds of thousands of years ago. Until recently, it was assumed that these 'fossil viruses' were simply junk DNA, with no important function in the body. However, due to advances in genomics research, scientists have now discovered where in our DNA these fossil viruses are located, enabling us to better understand when they are expressed and what functions they may have.

This new study builds upon these advances and is the first to show that a set of specific HERVs expressed in the human brain contribute to psychiatric disorder susceptibility, marking a step forward in understanding the complex genetic components that contribute to these conditions.

Dr Timothy Powell, co-senior author on the study and Senior Lecturer at the Institute of Psychiatry, Psychology & Neuroscience (IoPPN), King's College London, said: "This study uses a novel and robust approach to assess how genetic susceptibility for psychiatric disorders imparts its effects on the expression of ancient viral sequences present in the modern human genome. Our results suggest that these viral sequences probably play a more important role in the human brain than originally thought, with specific HERV expression profiles being associated with an increased susceptibility for some psychiatric disorders."

The study analysed data from large genetic studies involving tens of thousands of people, both with and without mental health conditions, as well as information from autopsy brain samples from 800 individuals, to explore how DNA variations linked to psychiatric disorders affect the expression of HERVs.

Although most genetic risk variants linked to psychiatric diagnoses impacted genes with well-known biological functions, the researchers found that some genetic risk variants preferentially affected the expression of HERVs. The researchers reported five robust HERV expression signatures associated with psychiatric disorders, including two HERVs that are associated with risk for schizophrenia, one associated with risk for both bipolar disorder and schizophrenia, and one associated with risk for depression.

Dr Rodrigo Duarte, first author and Research Fellow at the IoPPN, King's College London, said: "We know that psychiatric disorders have a substantial genetic component, with many parts of the genome incrementally contributing to susceptibility. In our study, we were able to investigate parts of the genome corresponding to HERVs, which led to the identification of five sequences that are relevant to psychiatric disorders. Whilst it is not clear yet how these HERVs affect brain cells to confer this increase in risk, our findings suggest that their expression regulation is important for brain function."

Dr Douglas Nixon, co-senior author on the study and and researcher at the Feinstein Institutes for Medical Research at Northwell Health, in the US, said: "Further research is needed to understand the exact function of most HERVs, including those identified in our study. We think that a better understanding of these ancient viruses, and the known genes implicated in psychiatric disorders, have the potential to revolutionise mental health research and lead to novel ways to treat or diagnose these conditions."
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Excavation reveals 'major' ancient migration to Timor Island | ScienceDaily
The discovery of thousands of stone artefacts and animal bones in a deep cave in Timor Island has led archaeologists to reassess the route that early humans took to reach Australia.


						
Researchers from The Australian National University (ANU), Flinders University, University College London (UCL) and the ARC Centre of Excellence for Australian Biodiversity and Heritage dated and analysed the artefacts and sediment at the Laili rock shelter in central-north Timor-Leste, north of Australia, to pinpoint the arrival of the colonists.

They detected a human "arrival signature" from about 44,000 years ago, suggesting there were no humans on the island prior to this time.

"Unlike other sites in the region, the Laili rock shelter preserved deep sediments dating between 59,000 and 54,000 years ago which showed no clear signs of human occupation," Dr Shimona Kealy, from the ANU College of Asia and the Pacific, said.

"When we analyse and compare markers of human occupation from other sites across Timor-Leste and nearby Flores Island, we can confidently say humans were also absent throughout the wider region of the southern Wallacean islands.

"This is significant as these islands were most likely a gateway crossing for ancient humans making the crossing to Australia."

Study co-author Professor Sue O'Connor, also from ANU, said Timor Island has long been considered a stepping stone island for the first human migration between mainland Southeast Asia and into Australia and New Guinea. But the new findings challenge this theory.




"The absence of humans on Timor Island earlier than at least 50,000 years ago is significant as it indicates that these early humans arrived on the island later than previously believed," she said.

"This provides further evidence to suggest early humans were making the crossing to Australia using the stepping stone island of New Guinea, rather than Timor Island as researchers had previously suggested.

"In addition to prompting a re-evaluation of the route and timing of earliest human migration through Wallacea and into Sahul, our findings highlight the fact that migration into the islands was ongoing with occupation of the southern islands occurring thousands of years after the initial settlement of Australia."

The sediment from the site was analysed at the Flinders Microarchaeology Laboratory by co-author Associate Professor Mike Morley.

"The shift from pre-occupation to intensive human activity at the site was very clear in the sediments," Associate Professor Morley, from Flinders University, said.

"As soon as people arrived on the scene, their use of the cave was very intensive, with clear evidence of burning and trampling of the shelter floor underfoot."

The research team unearthed lots of small stone tools during the excavation, as well as charred fish bones.




"We know these people specialised in making tiny stone tools, but we're not 100 per cent sure what they were used for," Dr Kealy said.

"Because a lot of their diet was either shellfish or small animals, you don't really need big knives to gather that sort of food. But having small, fine tools is useful for things like stripping leaves to then weave into baskets, but also for creating wooden tools."

Based on the sheer number of artefacts unearthed at the site, the researchers say the migration to Timor Island was a "major" one. According to the researchers, these ancient humans likely made the crossing to Timor from nearby Flores Island and mainland Southeast Asia.

"The traditional view held by researchers is that early humans who were making these significant water crossings were stumbling upon these islands by mistake, largely because it was so long ago," Dr Kealy said.

"Their arrival on Timor was no accident. This was a major colonisation effort, evident through the sheer number of people who were making the journey.

"It's a testament to these peoples' level of maritime technology and the boats they created, but also their confidence and competence in braving maritime crossings."

The research is published in Nature Communications. This work was led by Dr Ceri Shipton from UCL and also involved scientists from Griffith University and the University of Wollongong.
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Milk from before antibiotic era were resistant to antibiotic tetracycline | ScienceDaily
Sometime in the 1940s or so, someone in what is now the Department of Pathobiology and Veterinary Science got a lyophilizer, a piece of equipment that freeze-dries samples, says Director of the Connecticut Veterinary Medical Diagnostic Laboratory (CVMDL) Dr. Guillermo Risatti. Risatti explains that at that time, the microbiology lab was very active in testing milk for the dairy farms in the region. With an exciting new piece of equipment, it seems they started lyophilizing hundreds of samples.


						
The samples have been in storage ever since. Beyond the scant details that these are milk samples containing Streptococcus bacteria from the 1940s, Risatti explains that he and his colleagues -- CVMDL Research Associate Dr. Zeinab Helal, Ji-Yeon Hyeon (now at College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea), and Dong-Hun Lee (also now at College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea) -- were interested in exploring their microbial history.

Risatti says that over the years, the data was lost, so researchers don't have precise details of the provenance of the samples. But knowing a bit of history about the department, they can deduce some information.

"We believe that most of them came from Connecticut or perhaps from cases from the region, but we cannot say which parts," Risatti says. "Most likely, this lab provided a testing service to locals, as this was mainly a pathology lab. Now it's more like a diagnostic lab, and we receive samples from all over the region, including New York and New Jersey."

Learning about what these historical samples hold could help with research in unexpected ways, but the first step is piecing together the lost details. To do this, Risatti explains that the team established a workflow using standard techniques to streamline processes to analyze the visual characteristics, called phenotype, and to analyze their genotype with genomic sequencing.

Different species of Streptococcus use different strategies to inflict disease in the organisms they infect. These virulence factors are used to differentiate one species of Streptococcus from another and are one way to distinguish samples through phenotypic analysis. Another phenotypic analysis includes testing bacteria for their susceptibility to antibiotics.

The researchers started with 50 samples collected from 1941 to 1947, and they found that the samples contained seven different Streptococcus species, including two subspecies of S. dysgalactiae. Interestingly, the researchers found some of the samples were resistant to the antibiotic tetracycline and did not carry antibiotic resistance genes typically seen in today's antibiotic-resistant bacterial strains. Since these samples were collected prior to the antibiotic era, the results add to a growing body of literature showing that antibiotic resistance occurred naturally before humans discovered and began to use antibiotics.




"Antibiotic resistance is a very big area of research, and it has been for many years," says Risatti. "We did not go any further with our analysis because we don't have the tools here, but we hope to bring this information to the public. I think it could be the jumpstart for somebody to study further."

Risatti explains the hope is to partner with large agencies like the CDC and the Department of Public Health to help bolster antibiotic resistance research.

In developing the workflow, Risatti also praised the work of students Jillian Baron '24 (CAHNR) and Patricia Arceta '24 (CAHNR):

"This is a good platform for undergraduate students to gain experience and publish their findings. I am surprised by how eager these young people are. I am glad we can provide the space to do these things."

With an eye toward the future, Risatti is excited about potential future collaborations: "I hope that people can see a link between what we do at CVMDL and human health."
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Study finds widespread 'cell cannibalism,' related phenomena across tree of life | ScienceDaily
In a new review paper, Carlo Maley and Arizona State University colleagues describe cell-in-cell phenomena in which one cell engulfs and sometimes consumes another. The study shows that cases of this behavior, including cell cannibalism, are widespread across the tree of life.


						
The findings challenge the common perception that cell-in-cell events are largely restricted to cancer cells. Rather, these events appear to be common across diverse organisms, from single-celled amoebas to complex multicellular animals.

The widespread occurrence of such interactions in non-cancer cells suggests that these events are not inherently "selfish" or "cancerous" behaviors. Rather, the researchers propose that cell-in-cell phenomena may play crucial roles in normal development, homeostasis and stress response across a wide range of organisms.

The study argues that targeting cell-in-cell events as an approach to treating cancer should be abandoned, as these phenomena are not unique to malignancy.

By demonstrating that occurrences span a wide array of life forms and are deeply rooted in our genetic makeup, the research invites us to reconsider fundamental concepts of cellular cooperation, competition and the intricate nature of multicellularity. The study opens new avenues for research in evolutionary biology, oncology and regenerative medicine.

The new research, published in the Nature journal Scientific Reports, is the first to systematically investigate cell-in-cell phenomena across the tree of life. The group's findings could help redefine the understanding of cellular behavior and its implications for multicellularity, cancer and the evolutionary journey of life itself.

"We first got into this work because we learned that cells don't just compete for resources -- they actively kill and eat each other," Maley says. "That's a fascinating aspect of the ecology of cancer cells. But further exploration revealed that these phenomena happen in normal cells, and sometimes neither cell dies, resulting in an entirely new type of hybrid cell."

Maley is a researcher with the Biodesign Center for Biocomputing, Security and Society; professor in the School of Life Sciences at ASU; and director of the Arizona Cancer Evolution Center.




The study was conducted in collaboration with first author Stefania E. Kapsetaki, formerly with ASU and now a researcher at Tufts University, and Luis Cisneros, formerly with ASU and currently a researcher at Mayo Clinic.

From selfish to cooperative cell interactions

Cell-in-cell events have long been observed but remain poorly understood, especially outside the context of immune responses or cancer. The earliest genes responsible for cell-in-cell behavior date back over 2 billion years, suggesting the phenomena play an important, though yet-to-be-determined, role in living organisms. Understanding the diverse functions of cell-in-cell events, both in normal physiology and disease, is important for developing more effective cancer therapies.

The review delves into the occurrence, genetic underpinnings and evolutionary history of cell-in-cell phenomena, shedding light on a behavior once thought to be an anomaly. The researchers reviewed more than 500 articles to catalog the various forms of cell-in-cell phenomena observed across the tree of life.

The study describes 16 different taxonomic groups in which cell-in-cell behavior is found to occur. The cell-in-cell events were classified into six distinct categories based on the degree of relatedness between the host and prey cells, as well as the outcome of the interaction (whether one or both cells survived).

A spectrum of cell-in-cell behaviors are highlighted in the study, ranging from completely selfish acts, where one cell kills and consumes another, to more cooperative interactions, where both cells remain alive. For example, the researchers found evidence of "heterospecific killing," where a cell engulfs and kills a cell of a different species, across a wide range of unicellular, facultatively multicellular, and obligate multicellular organisms. In contrast, "conspecific killing," where a cell consumes another cell of the same species, was less common, observed in only three of the seven major taxonomic groups examined.




Obligate multicellular organisms are those that must exist in a multicellular form throughout their life cycle. They cannot survive or function as single cells. Examples include most animals and plants. Facultative multicellular organisms are organisms that can exist either as single cells or in a multicellular form depending on environmental conditions. For example, certain types of algae may live as single cells in some conditions but form multicellular colonies in others.

The team also documented cases of cell-in-cell phenomena where both the host and prey cells remained alive after the interaction, suggesting these events may serve important biological functions beyond just killing competitors.

"Our categorization of cell-in-cell phenomena across the tree of life is important for better understanding the evolution and mechanism of these phenomena," Kapsetaki says. "Why and how exactly do they happen? This is a question that requires further investigation across millions of living organisms, including organisms where cell-in-cell phenomena may not yet have been searched for."

Ancient genes

In addition to cataloging the diverse cell-in-cell behaviors, the researchers also investigated the evolutionary origins of the genes involved in these processes. Surprisingly, they found that many of the key cell-in-cell genes emerged long before the evolution of obligate multicellularity.

"When we look at genes associated with known cell-in-cell mechanisms in species that diverged from the human lineage a very long time ago, it turns out that the human orthologs (genes that evolved from a common ancestral gene) are typically associated with normal functions of multicellularity, like immune surveillance," Cisneros says.

In total, 38 genes associated with cell-in-cell phenomena were identified, and 14 of these originated over 2.2 billion years ago, predating the common ancestor of some facultatively multicellular organisms. This suggests that the molecular machinery for cell cannibalism evolved before the major transitions to complex multicellularity.

The ancient cell-in-cell genes identified in the study are involved in a variety of cellular processes, including cell-cell adhesion, phagocytosis (engulfment), intracellular killing of pathogens and regulation of energy metabolism. This diversity of functions indicates that cell-in-cell events likely served important roles even in single-celled and simple multicellular organisms well before the emergence of complex multicellular life.
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Detecting odors on the edge: Researchers decipher how insects smell more with less | ScienceDaily
Whether it's the wafting aroma of our favorite meal or the dangerous fumes seeping from a toxic chemical, the human sense of smell has evolved into a sophisticated system that processes scents through several intricate stages. The brains of mammals have billions of neurons at their disposal to recognize odors they are exposed to, from pleasant to pungent.


						
Insects such as fruit flies, on the other hand, have a mere 100,000 neurons to work with. Yet their survival is dependent upon their ability to decipher the meaning of complex odor mixtures around them to locate food, seek potential mates and avoid predators. Scientists have pondered how insects are able to smell, or extract information from odors, with a much smaller olfactory sensory system compared with mammals.

Scientists at the University of California San Diego believe they have an answer to this puzzling question. Palka Puri, a physics Ph.D. student, together with Postdoctoral Scholar Shiuan-Tze Wu, Associate Professor Chih-Ying Su and Assistant Professor Johnatan Aljadeff (all in the Department of Neurobiology) have uncovered how fruit flies use a simple, efficient system to recognize odors.

"Our work sheds light on the sensory processing algorithms insects use to respond to complex olfactory stimuli," said Puri, the first author of the paper, published in the Proceedings of the National Academy of Sciences. "We showed that the specialized organization of insect sensory neurons holds the key to the puzzle -- implementing an essential processing step that facilitates computations in the central brain."

Previous investigations of the odor processing system in flies focused on the central brain as the main hub for processing odor signals. But the new study shows that the effectiveness of the insect's sensory capabilities relies on a "pre-processing" stage in the periphery of their sensory system, which prepares the odor signals for computations that occur later in the central brain region.

Flies smell through their antennae, which are replete with sensory hairs that detect elements of the environment around them. Each sensory hair usually features two olfactory receptor neurons, or ORNs, that are activated by different odor molecules in the environment. Intriguingly, ORNs in the same sensory hair are strongly coupled by electrical interactions.

"This scenario is akin to two current-carrying wires placed close together," explained Puri. "The signals carried by the wires interfere with each other through electromagnetic interactions."

In the case of the fly olfactory system, however, this interference is beneficial. The researchers showed that as flies encounter an odor signal, the specific pattern of interference between the receptors helps flies quickly compute the "gist" of the odor's meaning: "Is it good or bad for me?" The result of this preliminary evaluation in the periphery is then relayed to a specific region in the fly's central brain, where the information about odors present in the outside world is translated to a behavioral response.




The researchers constructed a mathematical model of how odor signals are processed by electrical coupling between ORNs. They then analyzed the wiring diagram ("connectome") of the fly brain, a large-scale dataset generated by scientists and engineers at Howard Hughes Medical Institute's research campus. This allowed Puri, Aljadeff and their colleagues to trace how odor signals from the sensory periphery are integrated in the central brain.

"Remarkably, our work shows that the optimal odor blend -- the precise ratio to which each sensory hair is most sensitive -- is defined by the genetically predetermined size difference between the coupled olfactory neurons," said Aljadeff, a faculty member in the School of Biological Sciences. "Our work highlights the far-reaching algorithmic role of the sensory periphery for the processing of both innately meaningful and learned odors in the central brain."

Aljadeff describes the system with a visual analogy. Like a specialized camera that can detect specific types of images, the fly has developed a genetically driven method to distinguish between images, or in this case, mixtures of odors.

"We discovered that the fly brain has the wiring to read the images from this very special camera to then initiate behavior," he said.

To arrive at these results, the research was integrated with previous findings from Su's lab that described the conserved organization of ORNs in the fly olfactory system into sensory hairs. The fact that signals carried by the same odor molecules always interfere with each other, in every fly, suggested to the researchers that this organization has meaning.

"This analysis shows how neurons in higher brain centers can take advantage of balanced computation in the periphery," said Su. "What really brings this work to another level is how much this peripheral pre-processing can influence higher brain function and circuit operations."

This work may inspire research into the role of processing in peripheral organs in other senses, such as sight or hearing, and help form a foundation for designing compact detection devices with the ability to interpret complex data.

"These findings yield insight into the fundamental principles of complex sensory computations in biology, and open doors for future research on using these principles to design powerful engineered systems," said Puri.
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Drug-like inhibitor shows promise in preventing flu | ScienceDaily
Currently available flu medications only target the virus after it has already established an infection, but what if a drug could prevent infection in the first place? Now, scientists at Scripps Research and the Albert Einstein College of Medicine have designed drug-like molecules to do just that, by thwarting the first stage of influenza infection.


						
The drug-like inhibitors block the virus from entering the body's respiratory cells -- specifically, they target hemagglutinin, a protein on the surface of type A influenza viruses. The findings, published in the Proceedings of the National Academy of Sciences on May 16, 2024, represent an important step forward in developing a drug that can prevent influenza infection.

"We're trying to target the very first stage of influenza infection since it would be better to prevent infection in the first place, but these molecules could also be used to inhibit the spread of the virus after one's infected," says corresponding author Ian Wilson, DPhil, the Hansen Professor of Structural Biology at Scripps Research.

The inhibitors will need to be further optimized and tested before they can be assessed as antivirals in humans, but the researchers say that these molecules ultimately have the potential to help prevent and treat seasonal flu infections. And, unlike vaccines, the inhibitors likely wouldn't need to be updated yearly.

The researchers had previously identified a small molecule, F0045(S), with a limited capacity to bind and inhibit H1N1 type A influenza viruses.

"We began by developing a high-throughput hemagglutinin binding assay that allowed us to rapidly screen large libraries of small molecules and found the lead compound F0045(S) with this process," says corresponding author Dennis Wolan, PhD, senior principal scientist at Genentech and former associate professor at Scripps Research.

In this study, the team aimed to optimize F0045(S)'s chemical structure to design molecules with better drug-like properties and more specific binding ability to the virus. To start, the Wolan lab used "SuFEx click-chemistry," which was first developed by two-time Nobel laureate and co-author K. Barry Sharpless, PhD, to generate a large library of candidate molecules with various tweaks to F0045(S)'s original structure. When they screened this library, the researchers identified two molecules -- 4(R) and 6(R) -- with superior binding affinity compared to F0045(S).




Next, Wilson's lab produced X-ray crystal structures of 4(R) and 6(R) bound to the flu hemagglutinin protein so that they could identify the molecules' binding sites, determine the mechanisms behind their superior binding ability, and identify areas for improvement.

"We showed that these inhibitors bind much more tightly to the viral antigen hemagglutinin than the original lead molecule did," says Wilson. "By using click-chemistry, we basically extended the compounds' ability to interact with influenza by making them target additional pockets on the antigen surface."

When the researchers tested 4(R) and 6(R) in cell culture to verify their antiviral properties and safety, they found 6(R) was non-toxic and had more than 200-times improved cellular antiviral potency compared to F0045(S).

Finally, the researchers used a targeted approach to further optimize 6(R) and develop compound 7, which proved to have even better antiviral ability.

"This is the most potent small-molecule hemagglutinin inhibitor developed to date," says corresponding author Seiya Kitamura, who worked on the project as a postdoctoral fellow at Scripps Research and is now an assistant professor at the Albert Einstein College of Medicine.

In future studies, the team plans to continue to optimize compound 7 and to test the inhibitor in animal models of influenza.

"In terms of potency, it will be hard to improve the molecule any further, but there are many other properties to consider and optimize, for example, pharmacokinetics, metabolism and aqueous solubility," says Kitamura.

Because the inhibitors developed in this study only target H1N1 strains of influenza, researchers are also working to develop equivalent drug-like inhibitors to target other strains of influenza such as H3N2 and H5N1.

 This work was supported by the NIH, the Nathan Shock Institute of Aging Research, and Einstein-Montefiore.
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Cosmic rays illuminate the past | ScienceDaily
Researchers at the University of Bern have for the first time been able to pin down a prehistoric settlement of early farmers in northern Greece dating back more than 7,000 years to the year. For this they combined annual growth ring measurements on wooden building elements with the sudden spike of cosmogenic radiocarbon in 5259 BC. This provides a reliable chronological reference point for many other archaeological sites in Southeast Europe.


						
Dating finds plays a key role in archaeology. It is always essential to find out how old a tomb, settlement or single object is. Determining the age of finds from prehistoric times has only been possible for a few decades. Two methods are used for this: dendrochronology, which enables dating on the basis of sequences of annual rings in trees, and radiocarbon dating, which can calculate the approximate age of the finds by the decay rate of the radioactive carbon isotope 14C contained in the tree rings.

A team led by the Institute of Archaeological Sciences at the University of Bern has now succeeded in precisely dating timber from the archaeological site of Dispilio in northern Greece, where dating to the year had previously not been possible, to different building activities between 5328 and 5140 BC. The researchers made use of high-energy particles from space, which can be reliably dated to 5259 BC. Their research has been published in the journal Nature Communications.

Tree-ring chronologies and the 14C method have their limits

Dendrochronology uses characteristic patterns of broad and narrow annual growth rings in wood, which are influenced by climatic conditions. As a result, a wooden object can be dated by comparing the annual growth ring widths with already existing standard or regional chronologies. "In Central Europe there is a tree-ring chronology that goes back almost 12,500 years into the past -- to the year 10,375 BC. However, this chronology only applies to certain regions. There is no consistent chronology for the Mediterranean region," says the lead author of the study, Andrej Maczkowski from the Institute of Archaeological Sciences at the University of Bern.

Therefore, dendrochronological dating from this region must be classified as 'floating' using radiocarbon dating. As long as a tree is alive, it absorbs the radioactive isotope 14C (radiocarbon) contained in the Earth's atmosphere through photosynthesis. When it dies, it no longer absorbs 14C; the isotope decays with a half-life of 5730 years. A laboratory measurement method can then be used to determine how much 14C is still contained in a particular tree ring and thus calculate the tree's approximate time of death over the known half-life. "However, the accuracy of such classifications is in the best case within the range of decades," says Maczkowski. "Until recently, it was therefore believed that dendrochronological dating to the year was only possible if a continuous regional tree-ring chronology was available, which is the case for prehistoric periods in just three regions worldwide: this is the southwestern United States, the northern Alpine foothills and England/Ireland," explains Albert Hafner, Professor of Prehistoric Archaeology at the University of Bern and senior author of the study.

Paradigm shift thanks to Japanese physicist

In 2012, a solution to the problem emerged: Japanese physicist Fusa Miyake discovered that a massive influx of cosmic rays, presumably due to solar flares, can cause an uptick in the atmosphere's 14C content, which is deposited in the respective years' tree rings. These spikes can be accurately dated on the basis of long tree-ring chronologies, and because they are global events, they are important anchor points, especially in regions without consistent annual growth ring chronologies. "Miyake recognized the first anchor points of this kind and thus brought about a paradigm shift in prehistoric archaeology," says Albert Hafner. Today, a dozen of these Miyake events are known up until 12,350 BC, and the two important events in 5259 and 7176 BC were only discovered in 2022 by researchers at ETH Zurich. No such events of similar magnitude have been recorded in the past few centuries. If an event of this magnitude, as in 5259 BC, happens today it will likely have a disastrous effect on telecommunications and electronics.




Miyake event enables dating in Dispilio

The research team from the EXPLO project led by the University of Bern (see box) has succeeded in establishing an annual growth ring chronology spanning 303 years, which ends in 5140 BC, by analyzing 787 pieces of timber from the archaeological site of Dispilio on Lake Orestida in northern Greece. The identified settlement phases show various house building activities over 188 years between 5328 and 5140 BC. This precise dating is possible because there was a known Miyake event during this period in 5259 BC.

Researchers at ETH Zurich were able to detect a spike in radiocarbon content during this time by radiocarbon dating several individually defined annual growth rings. It was therefore a question of reproducing this peak, which is reflected globally in the annual growth ring chronologies of Siberian larch, American pine, and European oak, on the annual growth ring chronology from Dispilio in Greece and connecting it to the anchor point 5259 BC. "The Balkans is therefore the first region in the world to benefit from this paradigm shift and to be able to successfully determine absolute dating independently of a consistent calendar," says Albert Hafner.

Andrej Maczkowski adds: "We expect that other chronologies for the region from this period can now be linked to the 'Dispilio Chronology' in rapid succession. This paves the way to developing a regional dendrochronology for the southern Balkans. "The Balkans have the oldest lakeside settlements in Europe, whose sites are dated to just after 6000 BC. The region played a key role in the expansion of agriculture in Europe.
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Complete Stellar Collapse: Unusual star system proves that stars can die quietly | ScienceDaily
University of Copenhagen astrophysicists help explain a mysterious phenomenon, whereby stars suddenly vanish from the night sky. Their study of an unusual binary star system has resulted in convincing evidence that massive stars can completely collapse and become black holes without a supernova explosion.


						
One day, the star at the center of our own solar system, the Sun, will begin to expand until it engulfs Earth. It will then become increasingly unstable until it eventually contracts into a small and dense object known as a white dwarf.

However, if the Sun were of a weight class roughly eight times greater or more, it would probably go out with a huge bang -- as a supernova. Its collapse would culminate into an explosion, ejecting energy and mass into space with enormous force, prior to leaving behind a neutron star or a black hole in its wake.

While this is basic knowledge about how massive stars die, there remains plenty to understand about the starry skies above and the spectacular death of these stars in particular.

New research by astrophysicists at the University of Copenhagen's Niels Bohr Institute presents the strongest evidence to date that very massive stars can succumb with far more stealth and discretion than as supernovae. Indeed, their investigation suggests that, with enough mass, a star's gravitational pull can be so strong that no explosion takes place upon its death. Instead, the star can go through what is known as a complete collapse.

"We believe that the core of a star can collapse under its own weight, as happens to massive stars in the final phase of their lives. But instead of the contraction culminating into a bright supernova explosion that would outshine its own galaxy, expected for stars more than eight times as massive as the Sun, the collapse continues until the star becomes a black hole," explains first author Alejandro Vigna-Gomez, who was a postdoc at the Niels Bohr Institute when this study set in motion.

This discovery is linked to the phenomenon of disappearing stars, which has interested astronomers in recent years, and it may provide both a clear-cut example as well as a plausible scientific explanation for phenomena of this kind.




"Were one to stand gazing up at a visible star going through a total collapse, it might, just at the right time, be like watching a star suddenly extinguish and disappear from the heavens. The collapse is so complete that no explosion occurs, nothing escapes and one wouldn't see any brigh tsupernova in the night sky. Astronomers have actually observed the sudden disappearance of brightly shining stars in recent times. We cannot be sure of a connection, but the results we have obtained from analysing VFTS 243 has brought us much closer to a credible explanation," says Alejandro Vigna-Gomez.

An unusual star system with no signs of an explosion

This discovery has been prompted by the recent observationof an unusual binary star system at the edge of our galaxy called VFTS 243. Here, a large star and black hole roughly 10 times more massive than our Sun orbit one another.

Scientists have known about the existence of such binary star systems in the Milky Way for decades, where one of the stars has become a black hole. But the recent discovery of VFTS 243, just beyond the Milky Way in the Large Magellanic Cloud, is something truly special.

"Normally, supernova events in star systems can be measured in various ways after they occur. But despite the fact that VFTS 243 contains a star that has collapsed into a black hole, the traces of an explosion are nowhere to be found. VFTS 243 is an extraordinary system. The orbit of the system has barely changed since the collapse of the star into a black hole," says Alejandro Vigna-Gomez.

The researchers have analysed the observational data for a range of signs that would be expected from a star system having undergone a supernova-explosion in the past. Generally, they found evidence of such an event minor and unconvincing.




The system does not show sign of a significant "natal kick," an acceleration of the orbiting objects. It is also very symmetrical, almost perfectly circular in it's orbit, and remaining signs from the energy release during the core collapse of the former star points to a type of energy consistent with complete collapse.

"Our analysis unequivocally points to the fact that the black hole in VFTS 243 was most likely formed immediately, with the energy mainly being lost via neutrinos," says Professor Irene Tamborra from the Niels Bohr Institute, who also participated in the study.

A benchmark system for future studies

According to Professor Tamborra, the VFTS 243 system opens the possibility for finally comparing a range of astrophysics theories and model calculations with actual observations. She expects that the star system will be important for studying stellar evolution and collapse.

"Our results highlight VFTS 243 as the best observable case so far for the theory of stellar black holes formed through total collapse, where the supernova explosion fails and which our models have shown to be possible. It is an important reality check for these models. And we certainly expect that the system will serve as a crucial benchmark for future research into stellar evolution and collapse," says the professor.

Background Information

The missing "natal kick" and other (lacking) signs of a supernova

The violent forces of a supernova directly affect the newborn neutron stars or black holes left by it, because of the asymmetric emission of matter during the explosion. This is what the researchers refer to as a "natal kick."This kick causes the compact object to accelerate. A natal kick will normally give neutron stars a measurable speed of 100-1000 km per second. The speed is expected to be less for black holes, but still significant.

Because the black hole in the VFTS 243 system only appears to have been acceleratedto roughly 4 km/s, it shows no sign of having received a substantial natal kick, like would be expected had it undergone a supernova.

Similarly, the symmetry of a star system's orbit usually show signs that it has felt the impact of a violent supernova explosion, because of the ejection of matter that happens. Instead, the researchers found symmetry.

"The orbit of VFTS is almost circular and our analysis indicates there are no signs of large asymmetries during collapse. This again indicates the absence of an explosion," says Alejandro Vigna Gomez.

A burst of energy

Analysing the orbit of the binary star system, the team has also been able to calculate the amount of mass and energy released during the formation of the black hole.

Their estimations are consistent with a scenario in which the smaller kick imparted during the stellar collapse was not due to baryonic matter, which includes neutrons and protons, rather to so-called neutrinos. Neutrinos have very little mass and interact very weakly. This is another indication that the system did not experience an explosion.

 Black holes

Not even light can escape from black holes. As such, they cannot be observed directly. However, some black holes can be identified due to the large amounts of energy being emitted from the gases rotating around them. Others, as in the case of VFTS 243, can be observed by the influence they have on stars with which they orbit.

In general, astronomers believe there to be three types of black holes:

Stellar black holes -- such as those of the VFTS 243 system -- form when stars with more than eight times the mass of the Sun collapse. Scientists believe there may be as many as 100 million of these in our galaxy alone.

Supermassive black holes -- 100,000 -- 10 billion times the mass of the Sun -- are thought to be at the centre of nearly all galaxies. Sagittarius A* is the supermassive black hole at centre of our galaxy, the Milky Way.

Intermediate-mass black holes (IMBH) -- 100-100,000 times the mass of our Sun -- were long a missing link. In recent years, a number of credible candidates have emerged.

There are also theories that describe other types of black holes, which have yet to be discovered. One of these, so-called Primordial black holes, are supposed to have formed in the early universe and could theoretically be microscopic.

 Disappearing stars

In modern times, there have been many observations of stars that inexplicably disappear.

"A Survey about Nothing" led by astrophysicist Chris Kochanek is an example of the research efforts actively looking for disappearing stars and explanations for their disappearance.

The curious reader can also delve into historical descriptions. These often have to do with suddenly luminous stars that disappear consistent with supernova scenarios. But there are other stories about suddenly disappearing stars, such as the Greek myth associated with the Pleiades star cluster, commonly known as the Seven Sisters. The Pleiades myth describes the seven daughters of the titan Atlas and nymph Pleione. According to the myth, one of their daughters married a human and went into hiding, which provides a very unscientific, but beautiful explanation for why we only see six stars in the Pleiades.
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What pottery reveals about prehistoric Central European culinary traditions | ScienceDaily
The first agricultural and pottery-producing societies settled in Central Europe 7,500 years ago with the dispersion of the Early Neolithic Linear Pottery Culture. Over the following millennia, an exceptional cultural diversity unfolded, which resulted in a wide range of pottery styles and decorations. Traditionally, archaeologists have studied pottery types and decorations to differentiate prehistoric cultures, but their contents and uses have been explored to a much lesser extent.


						
In a groundbreaking study recently published in PLOS ONE, scientists from the Universitat Autonoma de Barcelona (UAB) and the State Office for Heritage Management and Archaeology (LDA) of Saxony-Anhalt explored the culinary traditions of central Germany between the Early Neolithic and the Late Bronze Age (dating back 3,500 to 7,500 years), and cultural relations with changes in pottery styles and decorations. Within Central Europe, central Germany is one of the regions with the most pronounced prehistoric cultural diversity, due to the rich agricultural soils of the loess zone and other natural resources such as salt, which attracted people to settle there early on.

The study analysed fat residues trapped in a set of 124 pottery vessels of different shapes and sizes, with samples originating from graves and settlements, and conserved in the State Museum of Prehistory in Halle. The analyses allowed researchers to distinguish residual fats derived from milk, ruminant and non-ruminant animals, as well as of marine or plant origin. The samples analysed in this study make up the biggest archaeological data series for Germany so far.

Results reveal a variety of changes in the use of pottery and food preparation during this period, as well as complex relations these prehistoric populations established with food resources and the main means to cook, store, and eat them. "This has allowed us to see how specific culinary practices and tastes for different ways of cooking with pottery were developed, a diversity that would be very difficult to detect using other archaeological indicators," states Adria Breu, researcher at the UAB Department of Prehistory and first author of the article. "Although livestock populations, dominated mainly by cows and to a lesser extent by goats, sheep and pigs, remained stable over time, the consumption of animal products changed substantially during the period we studied," he added.

From dairy in cups to plates with pig-derived fats

The results show that in the Middle Neolithic period, some 5,500 years ago and coinciding with the Baalberge culture, came the first signs in the region of a generalised consumption of dairy products. This dietary change was linked to the creation of small cups and handled amphorae. The former would have been used to scoop milk products from other larger vessels frequently found in the settlements. This would be the first known case of prehistoric cups having a specialised use. "It is easy to imagine that in this period milk and its derivatives, cream, butter, cheese, and yogurt, were highly valued, and a tradition of drinking or eating them in such characteristic cups would have developed, similar to how we have breakfast cups," explains Adria Breu.

At the end of the Neolithic, 4,500 years ago, substantial changes occurred in the shapes and decorations of these cups, amphorae and vessels which give name to the Corded Ware Culture arriving from the Eurasian Steppe. The analyses detected that these types of pottery, particularly the double-handled amphorae, contained new marked culinary preferences for pig, with dairy products falling into the background. This change surprised researchers, since it was not accompanied by an increase in the population of pigs, and reinforces the idea of this animal's social value.




The analysis of corded ware vessels also challenges previous considerations. "The contents show that milk-derived food sources were not as important as expected among the populations arriving from Eastern Europe, which were considered to be pastoral nomads, nor does it confirm that the vessels were used for drinking beer, as has been previously claimed," explains Roberto Risch, researcher at the UAB and co-author of the study.

The intensive use of dairy products continued particularly amongst the Bell Beaker populations, who did not seem have the same preference for pork. The use of carinated beakers to store and serve dairy products was particularly common in burials near the circular enclosure of Pommelte. The majority of tombs presented one single drinking vessel as a grave good, in what would have been a specific funeral rite of this archaeological site.

A varied diet in standardised and multifunctional vessels

At the beginning of the Bronze Age, 4,000 years ago, the food of the Unetice culture was characterised by a greater variety of animal and plant products. Despite already having horses, this culture maintained a taste for pork, but abandoned the tradition of consuming milk in small cups.

Unetice was one of the first state-structured societies in Europe, along with El Argar in the Iberian Peninsula. Highly hierarchical, with powerful masters of time who encoded astronomical knowledge in the Nebra Sky Disc, they developed specialised crafts, such as earthenware. The consumption of food was produced in standardised and multifunctional vessels. "However, this increased standardisation was not a response to a more specialised use; on the contrary, the same cups, such as the typical carinated beakers, were used to prepare and consume foods related to a wide variety of fats, perhaps in an attempt to appear equal in a society that was becoming increasingly unequal," explains Roberto Risch.

In sum, the study demonstrates how combining fat residue analysis with more conventional contextual and typological studies of ceramics can reveal complex realities of changing culinary attitudes and practices that would otherwise be missed by other dietary indicators. "The complex trends detected in this work merit the development of future studies that include a larger number of samples from each period," researchers conclude.
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3D printing robot creates extreme shock-absorbing shape, with help of AI | ScienceDaily
Inside a lab in Boston University's College of Engineering, a robot arm drops small, plastic objects into a box placed perfectly on the floor to catch them as they fall. One by one, these tiny structures -- feather-light, cylindrical pieces, no bigger than an inch tall -- fill the box. Some are red, others blue, purple, green, or black.


						
Each object is the result of an experiment in robot autonomy. On its own, learning as it goes, the robot is searching for, and trying to make, an object with the most efficient energy-absorbing shape to ever exist.

To do this, the robot creates a small plastic structure with a 3D printer, records its shape and size, moves it to a flat metal surface -- and then crushes it with a pressure equivalent to an adult Arabian horse standing on a quarter. The robot then measures how much energy the structure absorbed, how its shape changed after being squashed, and records every detail in a vast database. Then, it drops the crushed object into the box and wipes the metal plate clean, ready to print and test the next piece. It will be ever-so-slightly different from its predecessor, its design and dimensions tweaked by the robot's computer algorithm based on all past experiments -- the basis of what's called Bayesian optimization. Experiment after experiment, the 3D structures get better at absorbing the impact of getting crushed.

These experiments are possible because of the work of Keith Brown, an ENG associate professor of mechanical engineering, and his team in the KABlab. The robot, named MAMA BEAR -- short for its lengthy full title, Mechanics of Additively Manufactured Architectures Bayesian Experimental Autonomous Researcher -- has evolved since it was first conceptualized by Brown and his lab in 2018. By 2021, the lab had set the machine on its quest to make a shape that absorbs the most energy, a property known as its mechanical energy absorption efficiency. This current iteration has run continuously for over three years, filling dozens of boxes with more than 25,000 3D-printed structures.

Why so many shapes? There are countless uses for something that can efficiently absorb energy -- say, cushioning for delicate electronics being shipped across the world or for knee pads and wrist guards for athletes. "You could draw from this library of data to make better bumpers in a car, or packaging equipment, for example," Brown says.

To work ideally, the structures have to strike the perfect balance: they can't be so strong that they cause damage to whatever they're supposed to protect, but should be strong enough to absorb impact. Before MAMA BEAR, the best structure anyone ever observed was about 71 percent efficient at absorbing energy, says Brown. But on a chilly January afternoon in 2023, Brown's lab watched their robot hit 75 percent efficiency, breaking the known record. The results have just been published in Nature Communications.

"When we started out, we didn't know if there was going to be this record-breaking shape," says Kelsey Snapp (ENG'25), a PhD student in Brown's lab who oversees MAMA BEAR. "Slowly but surely we kept inching up, and broke through."

The record-breaking structure looks like nothing the researchers would have expected: it has four points, shaped like thin flower petals, and is taller and narrower than the early designs.




"We're excited that there's so much mechanical data here, that we're using this to learn lessons about design more generally," Brown says.

Their extensive data is already getting its first real-life application, helping to inform the design of new helmet padding for US Army soldiers. Brown, Snapp, and project collaborator Emily Whiting, a BU College of Arts & Sciences associate professor of computer science, worked with the US Army and went through field testing to ensure helmets using their patent-pending padding are comfortable and provide sufficient protection from impact. The 3D structure used for the padding is different from the record-breaking piece -- with a softer center and shorter stature to help with comfort.

MAMA BEAR is not Brown's only autonomous research robot. His lab has other "BEAR" robots performing different tasks -- like the nano BEAR, which studies the way materials behave at the molecular scale using a technology called atomic force microscopy. Brown has also been working with Jorg Werner, an ENG assistant professor of mechanical engineering, to develop another system, known as the PANDA -- short for Polymer Analysis and Discovery Array -- BEAR to test thousands of thin polymer materials to find one that works best in a battery.

"They're all robots that do research," Brown says. "The philosophy is that they're using machine learning together with automation to help us do research much faster."

"Not just faster," adds Snapp. "You can do things you couldn't normally do. We can reach a structure or goal that we wouldn't have been able to achieve otherwise, because it would have been too expensive and time-consuming." He has worked closely with MAMA BEAR since the experiments began in 2021, and gave the robot its ability to see -- known as machine vision -- and clean its own test plate.

The KABlab is hoping to further demonstrate the importance of autonomous research. Brown wants to keep collaborating with scientists in various fields who need to test incredibly large numbers of structures and solutions. Even though they already broke a record, "we have no ability to know if we've reached the maximum efficiency," Brown says, meaning they could possibly break it again. So, MAMA BEAR will keep on running, pushing boundaries further, while Brown and his team see what other applications the database can be useful for. They're also exploring how the more than 25,000 crushed pieces can be unwound and reloaded into the 3D printers so the material can be recycled for more experiments.

"We're going to keep studying this system, because mechanical efficiency, like so many other material properties, is only accurately measured by experiment," Brown says, "and using self-driving labs helps us pick the best experiments and perform them as fast as possible."
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Food for thought: Study links key nutrients with slower brain aging | ScienceDaily
Scientists have long been studying the brain with a goal of aiding healthier aging. While much is known about risk factors for accelerated brain aging, less has been uncovered to identify ways to prevent cognitive decline.


						
There is evidence that nutrition matters, and a novel study published in Nature Publishing Group Aging, from the University of Nebraska-Lincoln's Center for Brain, Biology and Behavior and the University of Illinois at Urbana-Champaign further signals how specific nutrients may play a pivotal role in the healthy aging of the brain.

The team of scientists, led by Aron Barbey, director of the Center for Brain, Biology and Behavior, with Jisheng Wu, a doctoral student at Nebraska, and Christopher Zwilling, research scientist at UIUC, performed the multimodal study -- combining state-of-the-art innovations in neuroscience and nutritional science -- and identified a specific nutrient profile in participants who performed better cognitively.

The cross-sectional study enrolled 100 cognitively healthy participants, aged 65-75. These participants completed a questionnaire with demographic information, body measurements and physical activity. Blood plasma was collected following a fasting period to analyze the nutrient biomarkers. Participants also underwent cognitive assessments and MRI scans. The efforts revealed two types of brain aging among the participants -- accelerated and slower-than-expected. Those with slower brain aging had a distinct nutrient profile.

The beneficial nutrient blood biomarkers were a combination of fatty acids (vaccenic, gondoic, alpha linolenic, elcosapentaenoic, eicosadienoic and lignoceric acids); antioxidants and carotenoids including cis-lutein, trans-lutein and zeaxanthin; two forms of vitamin E and choline. This profile is correlated with nutrients found in the Mediterranean diet, which research has previously associated with healthy brain aging.

"We investigated specific nutrient biomarkers, such as fatty acid profiles, known in nutritional science to potentially offer health benefits. This aligns with the extensive body of research in the field demonstrating the positive health effects of the Mediterranean Diet, which emphasizes foods rich in these beneficial nutrients," Barbey, Mildred Francis Thompson Professor of Psychology, said. "The present study identifies particular nutrient biomarker patterns that are promising and have favorable associations with measures of cognitive performance and brain health."

Barbey noted that previous research on nutrition and brain aging has mostly relied on food frequency questionnaires, which are dependent on participants' own recall. This study is one of the first and the largest to combine brain imaging, blood biomarkers and validated cognitive assessments.




"The unique aspect of our study lies in its comprehensive approach, integrating data on nutrition, cognitive function, and brain imaging," Barbey said. "This allows us to build a more robust understanding of the relationship between these factors. We move beyond simply measuring cognitive performance with traditional neuropsychological tests. Instead, we simultaneously examine brain structure, function, and metabolism, demonstrating a direct link between these brain properties and cognitive abilities. Furthermore, we show that these brain properties are directly linked to diet and nutrition, as revealed by the patterns observed in nutrient biomarkers."

The researchers will continue to explore this nutrient profile as it relates healthy brain aging. Barbey said it's possible, in the future, that the findings will aid in developing therapies and interventions to promote brain health.

"An important next step involves conducting randomized controlled trials. In these trials, we will isolate specific nutrients with favorable associations with cognitive function and brain health, and administer them in the form of nutraceuticals," Barbey said. "This will allow us to definitively assess whether increasing the levels of these specific nutrient profiles reliably leads to improvements in cognitive test performance and measures of brain structure, function, and metabolism."

Barbey is also co-editing an upcoming special collection for the Journal of Nutrition, "Nutrition and the Brain -- Exploring Pathways to Optimal Brain Health Through Nutrition," which is currently inviting submissions for consideration, and articles will begin publishing next year.

"There's immense scientific and medical interest in understanding the profound impact of nutrition on brain health," Barbey said. "Recognizing this, the National Institutes of Health recently launched a ten-year strategic plan to significantly accelerate nutrition research. Our work directly aligns with this critical initiative, aiming to contribute valuable insights into how dietary patterns influence brain health and cognitive function."
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Researchers discover hidden step in dinosaur feather evolution | ScienceDaily
Palaeontologists at University College Cork (UCC) in Ireland have discovered that some feathered dinosaurs had scaly skin like reptiles today, thus shedding new light on the evolutionary transition from scales to feathers.


						
The researchers studied a new specimen of the feathered dinosaur Psittacosaurus from the early Cretaceous (135-120 million years ago), a time when dinosaurs were evolving into birds. The study shows, for the first time, that Psittacosaurus had reptile-like skin in areas where it didn't have feathers.

The study, published today in Nature Communications, was led by UCC palaeontologists Dr Zixiao Yang and Prof. Maria McNamara of UCC's School of Biological, Earth and Environmental Sciences, who teamed with scientists based in Nanjing University (China).

The team used ultraviolet (UV) light to identify patches of preserved skin, which are invisible in natural light. Further investigation of the fossil skin using X-rays and infrared light revealed spectacular details of preserved cellular structure.

Dr Yang says:

"The fossil truly is a hidden gem. The fossil skin is not visible to the naked eye, and it remained hidden when the specimen was donated to Nanjing University in 2021. Only under UV light is the skin visible, in a striking orange-yellow glow.

"What is really surprising is the chemistry of the fossil skin. It is composed of silica -- the same as glass. This type of preservation has never been found in vertebrate fossils. There are potentially many more fossils with hidden soft tissues awaiting discovery."

The most exciting aspect of the discovery, however, is what it tells us about the evolution of feathers in dinosaurs. Prof. McNamara, senior author on the study, says:




"The evolution of feathers from reptilian scales is one of the most profound yet poorly understood events in vertebrate evolution. While numerous fossils of feathers have been studied, fossil skin is much more rare.

"Our discovery suggests that soft, bird-like skin initially developed only in feathered regions of the body, while the rest of the skin was still scaly, like in modern reptiles. This zoned development would have maintained essential skin functions, such as protection against abrasion, dehydration and parasites. The first dinosaur to experiment with feathers could therefore survive and pass down the genes for feathers to their offspring."

The Psittacosaurus specimen NJUES-10 is currently housed in Nanjing University.
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Warming climate intensifies flash droughts worldwide | ScienceDaily
Sudden, severe dry spells known as flash droughts are rising in intensity around the world, with a notable exception in mountainous Central Asia, where flash drought extent is shrinking, according to new research. Heat and changes to precipitation patterns caused by a warming climate are driving these trends, the study found.


						
Flash droughts arrive suddenly, within weeks, hitting communities that are often not prepared and causing lasting impact. They are an emerging concern for water and food security. The new study is the first to apply a systematic, quantitative approach to the global incidence of flash drought, mapping hotspots and regions of rapid increases in recent decades.

"For many parts of the world, we saw flash droughts extending over larger areas, for longer time, with faster onset speed," said Maheshwari Neelam, a climate scientist at NASA's Marshall Space Flight Center and the Universities Space Research Association. She is the lead author of the study, published in Geophysical Research Letters, AGU's journal for high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

The study defined and tracked three critical measures of drought severity: speed of onset, duration and geographic extent. It analyzed 40 years of NASA's MERRA-2 climate data, from 1980 to 2019, drawn from weather observations, satellite imagery and modeled root-zone soil moisture, with the aim of improving prediction and disaster preparedness.

"For example, in watersheds in South America, onset is getting faster by about 0.12 days per year, so over a decade they are developing a day earlier. Extent is increasing by 1 to 3% per year," Neelam said. "The metrics can be used by early warning systems to incorporate rates of change in flash drought characteristics in risk assessment and disaster preparedness."

South America, particularly southern Brazil and the Amazon, is experiencing strong intensification in all three dimensions of flash drought, aligning with deforestation patterns in the region, high temperatures and less rain. Congo, Angola, Zambia, Zimbabwe, South Africa, Lesotho, and Madagascar are also hotspots. High temperatures were found to be more important than declining precipitation in the African watersheds.

Land cover is also important to flash drought vulnerability. Savanna and grasslands are more susceptible to flash droughts than other ecotypes, particularly in humid and semi-humid climates, the study found.

In Central Asian watersheds, centered on high mountains, including the Himalaya Karakoram, Tianshan and Hindu Kush, flash drought extent shrank over the study period, bucking the worldwide trend. Climate-driven changes in precipitation, melting snowpack and a shift from snow to rain in the mountains have kept soils moist. These changes can cause an increase in flash floods, which have been observed in the region, Neelam said.

Neelam emphasized the importance of understanding landscapes' response to disasters on a watershed scale for assessing water budgets and water management, transcending geopolitical boundaries.

"Natural hazards have no political values," Neelam said. "This is why we looked at watersheds and not countries."
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'Vigorous melting' at Antarctica's Thwaites 'Doomsday' Glacier | ScienceDaily
A team of glaciologists led by researchers at the University of California, Irvine used high-resolution satellite radar data to find evidence of the intrusion of warm, high-pressure seawater many kilometers beneath the grounded ice of West Antarctica's Thwaites Glacier.


						
In a study published today in Proceedings of the National Academy of Sciences, the UC Irvine-led team said that widespread contact between ocean water and the glacier -- a process that is replicated throughout Antarctica and in Greenland -- causes "vigorous melting" and may require a reassessment of global sea level rise projections.

The glaciologists relied on data gathered from March to June of 2023 by Finland's ICEYE commercial satellite mission. The ICEYE satellites form a "constellation" in polar orbit around the planet, using InSAR -- interferometer synthetic aperture radar -- to persistently monitor changes on the Earth's surface. Many passes by a spacecraft over a small, defined area render smooth data results. In the case of this study, it showed the rise, fall and bending of Thwaites Glacier.

"These ICEYE data provided a long-time series of daily observations closely conforming to tidal cycles," said lead author Eric Rignot, UC Irvine professor of Earth system science. "In the past, we had some sporadically available data, and with just those few observations it was hard to figure out what was happening. When we have a continuous time series and compare that with the tidal cycle, we see the seawater coming in at high tide and receding and sometimes going farther up underneath the glacier and getting trapped. Thanks to ICEYE, we're beginning to witness this tidal dynamic for the first time."

ICEYE Director of Analytics Michael Wollersheim, co-author, said, "Until now, some of the most dynamic processes in nature have been impossible to observe with sufficient detail or frequency to allow us to understand and model them. Observing these processes from space and using radar satellite images, which provide centimeter-level precision InSAR measurements at daily frequency, marks a significant leap forward."

Rignot said the project helped him and his colleagues develop a better understanding of the behavior of seawater on undersides of Thwaites Glacier. He said that seawater coming in at the base of the ice sheet, combined with freshwater generated by geothermal flux and friction, builds up and "has to flow somewhere." Water is distributed through natural conduits or collects in cavities, creating enough pressure to elevate the ice sheet.

"There are places where the water is almost at the pressure of the overlying ice, so just a little more pressure is needed to push up the ice," Rignot said. "The water is then squeezed enough to jack up a column of more than half a mile of ice."

And it's not just any seawater. For decades, Rignot and his colleagues have been gathering evidence of the impact of climate change on ocean currents, which push warmer seawater to the shores of Antarctica and other polar ice regions. Circumpolar deep water is salty and has a lower freezing point. While freshwater freezes at zero degrees Celsius, saltwater freezes at minus two degrees, and that small difference is enough to contribute to the "vigorous melting" of basal ice as found in the study.




Co-author Christine Dow, professor in the Faculty of Environment at the University of Waterloo in Ontario, Canada, said, "Thwaites is the most unstable place in the Antarctic and contains the equivalent of 60 centimeters of sea level rise. The worry is that we are underestimating the speed that the glacier is changing, which would be devastating for coastal communities around the world."

Rignot said that he hopes and expects the results of this project to spur further research on the conditions beneath Antarctic glaciers, exhibitions involving autonomous robots and more satellite observations.

"There is a lot of enthusiasm from the scientific community to go to these remote, polar regions to gather data and build our understanding of what's happening, but the funding is lagging," he said. "We operate at the same budget in 2024 in real dollars that we were in the 1990s. We need to grow the community of glaciologists and physical oceanographers to address these observation issues sooner rather than later, but right now we're still climbing Mount Everest in tennis shoes."

In the near term, Rignot, who is also a senior project scientist at NASA's Jet Propulsion Laboratory, said this study will provide a lasting benefit to the ice sheet modeling community.

"If we put this type of ocean-ice interaction into ice sheet models, I expect we will be able to do a much better job of reproducing what has happened in the past quarter century, which will lead to a higher level of confidence in our projections," he said. "If we could add this process we outlined in the paper, which is not included in most current models, the model reconstructions should match observations much better. It would be a big win if we could achieve that."

Dow added, "At the moment we don't have enough information to say one way or the other how much time there is before the oceanwater intrusion is irreversible. By improving the models and focusing our research on these critical glaciers, we will try to get these numbers at least pinned down for decades versus centuries. This work will help people adapt to changing ocean levels, along with focusing on reducing carbon emissions to prevent the worst-case scenario."

Rignot, Dow and Wollershiem were joined in this project by Enrico Ciraci, UC Irvine assistant specialist in Earth system science and NASA postdoctoral fellow; Bernd Scheuchl, UC Irvine researcher in Earth system science; and ICEYE's Valentyn Tolpekin. ICEYE is headquartered in Finland and operates from five international locations, including the United States. The research received financial support from NASA and the National Science Foundation.
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World leaders still need to wake up to AI risks | ScienceDaily
Leading AI scientists are calling for stronger action on AI risks from world leaders, warning that progress has been insufficient since the first AI Safety Summit in Bletchley Park six months ago.


						
Then, the world's leaders pledged to govern AI responsibly. However, as the second AI Safety Summit in Seoul (21-22 May) approaches, twenty-five of the world's leading AI scientists say not enough is actually being done to protect us from the technology's risks. In an expert consensus paper published today in Science, they outline urgent policy priorities that global leaders should adopt to counteract the threats from AI technologies.

Professor Philip Torr,Department of Engineering Science,University of Oxford, a co-author on the paper, says: "The world agreed during the last AI summit that we needed action, but now it is time to go from vague proposals to concrete commitments. This paper provides many important recommendations for what companies and governments should commit to do."

World's response not on track in face of potentially rapid AI progress 

According to the paper's authors, it is imperative that world leaders take seriously the possibility that highly powerful generalist AI systems -- outperforming human abilities across many critical domains -- will be developed within the current decade or the next. They say that although governments worldwide have been discussing frontier AI and made some attempt at introducing initial guidelines, this is simply incommensurate with the possibility of rapid, transformative progress expected by many experts.

Current research into AI safety is seriously lacking, with only an estimated 1-3% of AI publications concerning safety. Additionally, we have neither the mechanisms or institutions in place to prevent misuse and recklessness, including regarding the use of autonomous systems capable of independently taking actions and pursuing goals.

World-leading AI experts issue call to action

In light of this, an international community of AI pioneers has issued an urgent call to action. The co-authors include Geoffrey Hinton, Andrew Yao, Dawn Song, the late Daniel Kahneman; in total 25 of the world's leading academic experts in AI and its governance. The authors hail from the US, China, EU, UK, and other AI powers, and include Turing award winners, Nobel laureates, and authors of standard AI textbooks.




This article is the first time that such a large and international group of experts have agreed on priorities for global policy makers regarding the risks from advanced AI systems.

Urgent priorities for AI governance

The authors recommend governments to:
    	establish fast-acting, expert institutions for AI oversight and provide these with far greater funding than they are due to receive under almost any current policy plan. As a comparison, the US AI Safety Institute currently has an annual budget of $10 million, while the US Food and Drug Administration (FDA) has a budget of $6.7 billion.
    	mandate much more rigorous risk assessments with enforceable consequences, rather than relying on voluntary or underspecified model evaluations.
    	require AI companies to prioritise safety, and to demonstrate their systems cannot cause harm. This includes using "safety cases" (used for other safety-critical technologies such as aviation) which shifts the burden for demonstrating safety to AI developers.
    	implement mitigation standards commensurate to the risk-levels posed by AI systems. An urgent priority is to set in place policies that automatically trigger when AI hits certain capability milestones. If AI advances rapidly, strict requirements automatically take effect, but if progress slows, the requirements relax accordingly.

According to the authors, for exceptionally capable future AI systems, governments must be prepared to take the lead in regulation. This includes licensing the development of these systems, restricting their autonomy in key societal roles, halting their development and deployment in response to worrying capabilities, mandating access controls, and requiring information security measures robust to state-level hackers, until adequate protections are ready.

AI impacts could be catastrophic

AI is already making rapid progress in critical domains such as hacking, social manipulation, and strategic planning, and may soon pose unprecedented control challenges. To advance undesirable goals, AI systems could gain human trust, acquire resources, and influence key decision-makers. To avoid human intervention, they could be capable of copying their algorithms across global server networks. Large-scale cybercrime, social manipulation, and other harms could escalate rapidly. In open conflict, AI systems could autonomously deploy a variety of weapons, including biological ones. Consequently, there is a very real chance that unchecked AI advancement could culminate in a large-scale loss of life and the biosphere, and the marginalization or extinction of humanity.

Stuart Russell OBE, Professor of Computer Science at the University of California at Berkeley and an author of the world's standard textbook on AI, says: "This is a consensus paper by leading experts, and it calls for strict regulation by governments, not voluntary codes of conduct written by industry. It's time to get serious about advanced AI systems. These are not toys. Increasing their capabilities before we understand how to make them safe is utterly reckless. Companies will complain that it's too hard to satisfy regulations -- that "regulation stifles innovation." That's ridiculous. There are more regulations on sandwich shops than there are on AI companies."
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Webb Telescope offers first glimpse of an exoplanet's interior | ScienceDaily
A surprisingly low amount of methane and a super-sized core hide within the cotton candy-like planet WASP-107 b.


						
The revelations, based on data obtained by the James Webb Space Telescope, mark the first measurements of an exoplanet's core mass and will likely underpin future studies of planetary atmospheres and interiors, a key aspect in the search for habitable worlds beyond our solar system.

"Looking into the interior of a planet hundreds of light-years away sounds almost impossible, but when you know the mass, radius, atmospheric composition, and hotness of its interior, you've got all the pieces you need to get an idea of what's inside and how heavy that core is," said lead author David Sing, a Bloomberg Distinguished Professor of Earth and Planetary Sciences at Johns Hopkins University. "This is now something we can do for lots of different gas planets in various systems."

Published today in Nature, the research shows the planet has a thousand times less methane than expected and a core 12 times more massive than Earth's.

A giant planet wrapped by a scorching atmosphere as fluffy as cotton, WASP-107 b orbits a star about 200 light-years away. It is puffy because of its build: a Jupiter-sized world with only a tenth of that planet's mass.

Even though it has methane -- a building block of life on Earth -- the planet is not considered habitable because of its proximity to its parent star and lack of a solid surface. But it could hold important clues about late-stage planetary evolution.

In a separate study published today in Nature, other scientists also spotted methane with the Webb telescope and provided similar insights about the planet's size and density.




"We want to look at planets more similar to the gas giants in our own solar system, which have a lot of methane in their atmospheres," Sing said. "This is where the story of WASP-107 b got really interesting, because we didn't know why the methane levels were so low."

The new methane measurements suggest the molecule transforms into other compounds as it flows upward from the planet's interior, interacting with a concoction of other chemicals and starlight in the upper atmosphere. The team also measured sulfur dioxide, water vapor, carbon dioxide, and carbon monoxide -- and found WASP-107 b has more heavy elements than Uranus and Neptune.

The profile of the planet's chemistry is starting to reveal key pieces in the puzzle of how planetary atmospheres behave in extreme conditions, Sing said. His team will conduct similar observations over the next year on an additional 25 planets with the Webb telescope.

"We had never been able to study this mixing process in an exoplanet atmosphere in detail, so this will go a long way in understanding how these dynamic chemical reactions operate," Sing said. "It's something we definitely need as we start looking at rocky planets and biomarker signatures."

Scientists had speculated that the planet's overinflated radius resulted from a source of heat inside, said Zafar Rustamkulov, a Johns Hopkins doctoral student in planetary science who co-led the research. By combining atmospheric and interior physics models with Webb's data of WASP-107 b, the team accounted for how the planet's thermodynamics influences its observable atmosphere.

"The planet has a hot core, and that heat source is changing the chemistry of the gases deeper down, but it's also driving this strong, convective mixing bubbling up from the interior," Rustamkulov said. "We think this heat is causing the chemistry of the gases to change, specifically destroying methane and making elevated amounts of carbon dioxide and carbon monoxide."

The new findings also represent the clearest connection scientists have been able to make about the interior of an exoplanet and the top of its atmosphere, Rustamkulov said. Last year the Webb telescope spotted sulfur dioxide about 700 light-years away in a different exoplanet called WASP-39, providing the first evidence of an atmospheric compound created by starlight-driven reactions.




The Johns Hopkins team is now focusing on what might be keeping the core hot, and expects forces might be in play similar to those causing high and low tides in Earth's oceans. They plan to test whether the planet is being stretched and pulled by its star and how that might account for the core's high heat.

Other study authors are Daniel P. Thorngren and Elena Manjavacas of Johns Hopkins University; Joanna K. Barstow of the Open University; Pascal Tremblin of Universite Paris-Saclay; Catarina Alves de Oliveira, Stephan M. Birkmann, and Pierre Ferruit of the European Space Agency; Tracy L. Beck, Nestor Espinoza, Amelie Gressier, Marco Sirianni, and Jeff A. Valenti of the Space Telescope Science Institute; Ryan C. Challener of Cornell University; Nicolas Crouzet, Giovanna Giardino, and Nikole K. Lewis of Leiden University; Elspeth K. H. Lee; Roberto Maiolino of University of Cambridge; and Bernard J. Rauscher of NASA Goddard Space Flight Center.

This research is based on data obtained from the Space Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy Inc., under NASA contract NAS 5-03127.
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Blueprints of self-assembly | ScienceDaily
Many biological structures of impressive beauty and sophistication arise through processes of self-assembly. Indeed, the natural world is teeming with intricate and useful forms that come together from many constituent parts, taking advantage of the built-in features of molecules.


						
Scientists hope to gain a better understanding of how this process unfolds and how such bottom-up construction can be used to advance technologies in computer science, materials science, medical diagnostics and other areas.

In new research, Arizona State University Assistant Professor Petr Sulc and his colleagues have taken a step closer to replicating nature's processes of self-assembly. Their study describes the synthetic construction of a tiny, self-assembled crystal known as a "pyrochlore," which bears unique optical properties.

The key to creating the crystal is the development of a new simulation method that can predict and guide the self-assembly process, avoiding unwanted structures and ensuring the molecules come together in just the right arrangement.

The advance provides a steppingstone to the eventual construction of sophisticated, self-assembling devices at the nanoscale -- roughly the size of a single virus.

The new methods were used to engineer the pyrochlore nanocrystal, a special type of lattice that could eventually function as an optical metamaterial, "a special type of material that only transmits certain wavelengths of light," Sulc says. "Such materials can then be used to produce so-called optical computers and more sensitive detectors, for a range of applications."

Sulc is a researcher in the Biodesign Center for Molecular Design and Biomimetics, the School of Molecular Sciences and the Center for Biological Physics at Arizona State University.




The research appears in the current issue of the journal Science.

From chaos to complexity

Imagine placing a disassembled watch into a box, which you then shake vigorously for several minutes. When you open the box, you find an assembled, fully functional watch inside. Intuitively, we know that such an event is nearly impossible, as watches, like all other devices we manufacture, must be assembled progressively, with each component placed in its specific location by a person or a robotic assembly line.

Biological systems, such as bacteria, living cells or viruses, can construct highly ingenious nanostructures and nanomachines -- complexes of biomolecules, like the protective shell of a virus or bacterial flagella that function similarly to a ship's propeller, helping bacteria move forward.

These and countless other natural forms, comparable in size to a few dozen nanometers -- one nanometer is equal to one-billionth of a meter, or roughly the length your fingernail grows in one second -- arise through self-assembly. Such structures are formed from individual building blocks (biomolecules, such as proteins) that move chaotically and randomly within the cell, constantly colliding with water and other molecules, like the watch components in the box you vigorously shake.

Despite the apparent chaos, evolution has found a way to bring order to the unruly process.




Molecules interact in specific ways that lead them to fit together in just the right manner, creating functional nanostructures inside or on the cell's surface. These include various intricate complexes inside cells, such as machinary that can replicate entire genetic material. Less intricate examples, but quite complex nevertheless, include self-assembly of the tough outer shells of viruses, whose assembly process Sulc also previously studied with his colleague, Banu Ozkan from ASU's Department of Physics.

Crafting with DNA

For several decades, the field of bionanotechnology has worked to craft tiny structures in the lab, replicating the natural assembly process seen in living organisms. The technique generally involves mixing molecular components in water, gradually cooling them and hoping that when the solution reaches room temperature, all the pieces will fit together correctly.

One of the most successful strategies, known as DNA bionanotechnology, uses artificially synthesized DNA as the basic building block. This molecule of life is not only capable of storing vast troves of genetic information -- strands of DNA can also be designed in the lab to connect with each other in such a way that a clever 3D structure is formed.

The resulting nanostructures, known as DNA origami, have a range of promising applications, from diagnostics to therapy, where, for example, they are being tested as a new method of vaccine delivery.

A significant challenge lies in engineering molecule interactions to form only the specific, pre-designed nanostructures. In practice, unexpected structures often result due to the unpredictable nature of particle collisions and interactions. This phenomenon, known as a kinetic trap, is akin to hoping for an assembled watch after shaking a box of its parts, only to find a jumbled heap instead.

Maintaining order

To attempt to overcome kinetic traps and ensure the proper structure self-assembles from the DNA fragments, the researchers developed new statistical methods that can simulate the self-assembly process of nanostructures.

The challenges for achieving useful simulations of such enormously complex processes are formidable. During the assembly phase, the chaotic dance of molecules can last several minutes to hours before the target nanostructure is formed, but the most powerful simulations in the world can only simulate a few milliseconds at most.

"Therefore, we developed a whole new range of models that can simulate DNA nanostructures with different levels of precision," Sulc says. "Instead of simulating individual atoms, as is common in protein simulations, for example, we represent 12,000 DNA bases as one complex particle."

This approach allows researchers to pinpoint problematic kinetic traps by combining computer simulations with different degrees of accuracy. Using their optimization method, researchers can fine-tune the blizzard of molecular interactions, compelling the components to assemble correctly into the intended structure.

The computational framework established in this research will guide the creation of more complex materials and the development of nanodevices with intricate functions, with potential uses in both diagnostics and treatment.

The research work was carried out in collaboration with researchers from Sapienza University of Rome, Ca' Foscari University of Venice and Columbia University in New York.
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Meerkat chit-chat | ScienceDaily
Meerkats use two different types of vocal interactions to stay in touch with their group mates. Sometimes the call simply broadcasts information, whereas other times meerkats engage in a call exchange with their neighbours, as researchers from the Centre for the Advanced Study of Collective Behaviour at the University of Konstanz and the Max Planck Institute of Animal Behavior present in a new publication published on 20 May in Philosophical Transactions of the Royal Society B.


						
Meerkats are group-living animals which are on the move nearly throughout the whole day. As they are walking or running, they make a continuous series of noises. Researchers have now decoded how wild meerkats use two of the sounds they make. "The first sound, a 'close call', is like a call-and-response exchange between the animals," as postdoctoral researcher Vlad Demartsev from the Cluster of Excellence Collective Behaviour describes. "When one meerkat calls, a neighbour is likely to reply," he adds. "Whereas the second call, named a 'short note', announces 'I am here' but doesn't necessarily get a direct reply from communication partners."

Partners are necessary for an exchange

Imagine a situation of an announcement in front of a big crowd. A lot of information is being transmitted, but it usually goes in one direction, there is no exchange between the speaker and audience. "It is impossible to hold a conversation with 20 people, so we normally talk to one partner at a time," explains Vlad Demartsev. Close calls are such an exchange between communication partners and short notes are more like a broadcast or an announcement aimed at the whole group.

Vlad Demartsev and Ariana Strandburg-Peshkin from the Max-Planck Institute of Animal Behaviour and the University of Konstanz, together with collaborators from the University of Zurich, deployed collars on meerkats in several groups at the Kalahari Research Centre in South Africa. The collars recorded continuous audio data and GPS positions were sampled every second. Using these collars, the researchers got a synchronized recording and could see which animal produced which sound at which time and where.

Exchange vs broadcast?

Afterwards, the behavioural ecologists prepared one vocal timeline for the whole group and analysed the data. "We saw that when a close call is given, there is a very high probability that within less than half a second a nearby neighbour will respond. But when we have a short note, we do not have this pattern. All of them are calling nearly at the same time and there is no structure," says Vlad Demartsev. "Ultimately, calls are not just single isolated events, but a continuous stream of communication between group members. So, looking at the temporal structure of the interactions can help us to better understand how calls are used and what their function is," adds Ari Strandburg-Peshkin.

Staying in a group is crucial for meerkats and they use multiple mechanisms which evolved to avoid getting separated. "When meerkats are by themselves there is a higher chance of predation or harassment by other groups. Generally, meerkats therefore try very,
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Record low Antarctic sea ice 'extremely unlikely' without climate change | ScienceDaily
In 2023, Antarctic sea ice reached historically low levels, with over 2 million square kilometres less ice than usual during winter -- equivalent to about ten times the size of the UK. This drastic reduction followed decades of steady growth in sea ice up to 2015, making the sudden decline even more surprising.


						
Using a large climate dataset called CMIP6, BAS researchers investigated this unprecedented sea ice loss. They analysed data from 18 different climate models to understand the probability of such a significant reduction in sea ice and its connection to climate change.

Lead author Rachel Diamond explained that while 2023's extreme low sea ice was made more likely by climate change, it was still considered very rare according to the models.

She says:

"This is the first time this large set of climate models has been used to find out how unlikely 2023's low sea ice actually was. We only have forty-five years of satellite measurements of sea ice, which makes it extremely difficult to evaluate changes in sea ice extent. This is where climate models come into their own.

According to the models, the record-breaking minimum sea ice extent would be a one-in-a-2000-year event without climate change. This tells us that the event was very extreme -- anything less than one-in-100 is considered exceptionally unlikely."

Caroline Holmes, a co-author on the study, said:

"Strong climate change -- i.e. the temperature changes we're already seeing, and those expected if emissions continue to rise rapidly -- in the models makes it four times more likely that we see such a big decline in sea ice extent. This suggests that 2023's extreme low was made more likely by climate change."




The researchers also used the models to look at how well sea ice is likely to recover. By looking at similar events in the models, the authors found that after such extreme sea ice loss, not all of the sea ice around Antarctica returns -- even after twenty years. This adds model evidence to existing observational evidence that the last few years' low sea ice could signal a lasting regime shift in the Southern Ocean.

Louise Sime, a co-author on the study, says:

"The impacts of Antarctic sea ice staying low for over twenty years would be profound, including on local and global weather and on unique Southern Ocean ecosystems -- including whales and penguins."

Satellite records of Antarctic sea ice began in late 1978 and between then and 2015, Antarctic sea ice extent increased slightly and steadily. In 2017, Antarctic sea ice reached a record low, and has been followed by several years of relatively low sea ice extent.

There are many complex and interacting factors that influence Antarctic sea ice, making it hard to get a clear understanding of why 2023 was such a record-breaking year. Recent studies have highlighted the important role of ocean processes and heat stored below the surface, and warm sea surface temperatures during the first half of 2023 may also have contributed. Strong variations in north-to-south winds and storm systems also played a role.

Antarctic sea ice is a critical factor in our overall understanding of climate change. Sea ice formation around the Antarctic acts as an engine for ocean currents and influences weather patterns. It also protects the exposed edges of the ice shelves from waves, curbing Antarctica's contribution to sea level rise. Sea ice is also vitally important for marine life -- scientists have observed catastrophic breeding failures of emperor penguin colonies because of low sea ice in recent years.

Studies like this one are therefore critical to find out how likely rapid sea-ice losses are, and if sea ice is likely to stay low over the coming decades.
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Brain 'assembloids' mimic human blood-brain barrier | ScienceDaily
In a pioneering achievement, a research team led by experts at Cincinnati Children's have developed the world's first human mini-brain that incorporates a fully functional blood-brain barrier (BBB).


						
This major advance, published May 15, 2024, in Cell Stem Cell, promises to accelerate the understanding and improved treatment of a wide range of brain disorders, including stroke, cerebral vascular disorders, brain cancer, Alzheimer's disease, Huntington disease, Parkinson's disease, and other neurodegenerative conditions.

"Lack of an authentic human BBB model has been a major hurdle in studying neurological diseases," says lead corresponding author Ziyuan Guo, PhD, "Our breakthrough involves the generation of human BBB organoids from human pluripotent stem cells, mimicking human neurovascular development to produce a faithful representation of the barrier in growing, functioning brain tissue. This is an important advance because animal models we currently use in research do not accurately reflect human brain development and BBB functionality."

What is the blood-brain barrier?

Unlike the rest of our bodies, blood vessels in the brain feature an extra lining of tightly packed cells that sharply limit the size of molecules that can pass from the bloodstream into the central nervous system (CNS).

A properly functioning barrier maintains brain health by preventing the entry of harmful substances while allowing essential nutrients to reach the brain. However, that same barrier also prevents many potentially helpful medicines from reaching the brain. Also, several neurological disorders are caused, or worsened, when the blood-brain barrier forms improperly or begins breaking down.

Significant differences between human and animal brains have resulted in many hopeful new drugs that were developed relying heavily on animal models to fail later when tested in human study participants.




"Now, through stem cell bioengineering, we have developed an innovative platform based on human stem cells that allows us to study the intricate mechanisms governing BBB function and dysfunction. This provides unprecedented opportunities for drug discovery and therapeutic intervention," Guo says.

Overcoming a long-running challenge

Research teams worldwide have been racing to develop brain organoids -- tiny, growing 3D structures that mimic the early steps of brain formation. Unlike cell types grown flat in a lab dish, organoid cells are connected. They self-assemble into spherical forms. Their cells "talk" to each other like human cells normally do during fetal development.

Cincinnati Children's has been a leader in developing other types of organoids, including the world's first functional intestine, stomach and esophagus organoids. But until now, no research center had succeeded at making a brain organoid that features the special barrier lining found in human brain blood vessels.

The research team calls their new model "BBB assembloids." Their name reflects the advance that made the breakthrough possible. These assembloids combine two distinct types of organoids: brain organoids that replicate human brain tissue and blood vessel organoids that mimic vascular structures.

The combination process began with brain organoids measuring 3 to 4 millimeters in diameter and blood vessel organoids about 1 millimeter in diameter. Over the course of about a month, these separate structures fused into a single sphere measuring slightly more than 4 millimeters in diameter (about 1/8 of an inch, or roughly the size of a sesame seed).




These integrated organoids recreate many of the complex neurovascular interactions observed in the human brain, but they are not complete models of the brain. For example, the tissue does not contain immune cells and there are no connections to the rest of the body's nervous system.

Research teams at Cincinnati Children's have shown other successes at merging and layering organoids from different cell types to form more complex "next generation" organoids. Those successes helped inform the new brain organoid work.

Importantly, the BBB assembloids can be grown using neurotypical human stem cells or stem cells from people with specific brain diseases, thus reflecting gene variants and other conditions that can lead to a malfunctioning blood-brain barrier.

Initial proof of concept

To demonstrate the potential utility of the new assembloids, the researcher team used a line of patient-derived stem cells to make assembloids that accurately replicated key features of a rare brain condition called a cerebral cavernous malformation.

This genetic disorder, which is characterized by dysfunctional blood-brain barrier integrity, results in clusters of abnormal blood vessels in the brain that often resemble raspberries in their appearance. The disorder significantly increases risk of stroke.

"Our model accurately recapitulated the disease phenotype, offering new insights into the underlying molecular and cellular pathology of cerebral vascular disorders," Guo says.

Potential applications

The co-authors envision a variety of potential uses of BBB assembloids:
    	Personalized Drug Screening: Patient-derived BBB assembloids could serve as avatars to tailor therapies for patients based on their unique genetic and molecular profiles.
    	Disease Modeling: A number of neurovascular disorders, including rare and genetically complex conditions, lack good model systems for research. Success at making BBB assembloids could accelerate development of human brain tissue models for more conditions.
    	High-Throughput Drug Discovery: Scaling up assembloid production could allow more accurate, and more rapid analysis of whether potential brain medications can effectively cross the BBB.
    	Environmental Toxin Testing: Often based heavily on animal model systems, BBB assembloids could help evaluate the toxic effects of environmental pollutants, pharmaceuticals, and other chemical compounds.
    	Immunotherapy Development: Through investigating the role of the BBB in neuroinflammatory and neurodegenerative diseases, the new assembloids could support delivering immune-based therapies to the brain.
    	Bioengineering and Biomaterials Research: Biomedical engineers and materials scientists will likely benefit from having a lab model of the BBB to test novel biomaterials, drug delivery vehicles, and tissue engineering strategies.

"Overall, BBB assembloids represent a game-changing technology with broad implications for neuroscience, drug discovery, and personalized medicine," Guo says.

About the study

In addition to Guo, the co-first authors of the study were: Lan Dao, MS, and Lu Lu, PhD, from Cincinnati Children's; Tianyang Xu from UC San Diego; and Zhen You from the Mayo Clinic. Co-corresponding authors were Sheng Zhong, PhD, from UC San Diego and L. Frank Huang, PhD, from the Mayo Clinic.

Co-authors from Cincinnati Children's also included Avijite Kumer Sarkar, PhD, Hui Zhu, PhD, George Yoshida, BA, Yifei Miao, PhD, Sarah Mierke, MD, Srijan Kalva, Mingxia Gu, MD, PhD, and Sudhakar Vadivelu, MD. The Single Cell Genomics Facility at Cincinnati Children's and the NIH NeuroBioBank also provided key support to the research.

Guo and Dao have a pending patent application ("Vascularized brain organoids having a CCM-like feature and methods of making and use," U.S. Application no. 63/510,463) related to this research. Zhong is a founder of Genemo, Inc.
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Global life expectancy to increase by nearly 5 years by 2050 despite geopolitical, metabolic, and environmental threats | ScienceDaily
The latest findings from the Global Burden of Disease Study (GBD) 2021, published today in The Lancet, forecast that global life expectancy will increase by 4.9 years in males and 4.2 years in females between 2022 and 2050.


						
Increases are expected to be largest in countries where life expectancy is lower, contributing to a convergence of increased life expectancy across geographies. The trend is largely driven by public health measures that have prevented and improved survival rates from cardiovascular diseases, COVID-19, and a range of communicable, maternal, neonatal, and nutritional diseases (CMNNs).

This study indicates that the ongoing shift in disease burden to non-communicable diseases (NCDs) -- like cardiovascular diseases, cancer, chronic obstructive pulmonary disease, and diabetes -- and exposure to NCD-associated risk factors -- such as obesity, high blood pressure, non-optimal diet, and smoking -- will have the greatest impact on disease burden of the next generation.

As the disease burden continues to shift from CMNNs to NCDs and from years of life lost (YLLs) to years lived with disability (YLDs), more people are expected to live longer, but with more years spent in poor health. Global life expectancy is forecasted to increase from 73.6 years of age in 2022 to 78.1 years of age in 2050 (a 4.5-year increase). Global healthy life expectancy (HALE) -- the average number of years a person can expect to live in good health -- will increase from 64.8 years in 2022 to 67.4 years in 2050 (a 2.6-year increase).

To come to these conclusions, the study forecasts cause-specific mortality; YLLs; YLDs; disability-adjusted life years (DALYs, or lost years of healthy life due to poor health and early death); life expectancy; and HALE from 2022 through 2050 for 204 countries and territories.

"In addition to an increase in life expectancy overall, we have found that the disparity in life expectancy across geographies will lessen," said Dr. Chris Murray, Chair of Health Metrics Sciences at the University of Washington and Director of the Institute for Health Metrics and Evaluation (IHME). "This is an indicator that while health inequalities between the highest- and lowest-income regions will remain, the gaps are shrinking, with the biggest increases anticipated in sub-Saharan Africa."

Dr. Murray added that the biggest opportunity to speed up reductions in the global disease burden is through policy interventions aimed to prevent and mitigate behavioral and metabolic risk factors.




These findings build upon the results of the GBD 2021 risk factors study, also released today in The Lancet. This accompanying study found that the total number of years lost due to poor health and early death (measured in DALYs) attributable to metabolic risk factors has increased by 50% since 2000. Read more on the risk factors report at https://bit.ly/GBDRisks2021.

The study also puts forth various alternative scenarios to compare the potential health outcomes if different public health interventions could eliminate exposure to several key risk factor groups by 2050.

"We forecast large differences in global DALY burden between different alternative scenarios to see what is the most impactful on our overall life expectancy data and DALY forecasts," said Dr. Stein Emil Vollset, first author of the study who leads the GBD Collaborating Unit at the Norwegian Institute of Public Health. "Globally, the forecasted effects are strongest for the 'Improved Behavioral and Metabolic Risks' scenario, with a 13.3% reduction in disease burden (number of DALYs) in 2050 compared with the 'Reference' (most likely) scenario."

The authors also ran two more scenarios: one focused on safer environments and another on improved childhood nutrition and vaccination.

"Though the largest effects in global DALY burden were seen from the 'Improved Behavioral and Metabolic Risk' scenario, we also forecasted reductions in disease burden from the 'Safer Environment' and 'Improved Childhood Nutrition and Vaccination' scenarios beyond our reference forecast, said Amanda E. Smith, Assistant Director of Forecasting at IHME. "This demonstrates the need for continued progress and resources in these areas and the potential to accelerate progress through 2050."

"There is immense opportunity ahead for us to influence the future of global health by getting ahead of these rising metabolic and dietary risk factors, particularly those related to behavioral and lifestyle factors like high blood sugar, high body mass index, and high blood pressure," continued Dr. Murray.
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A trial HIV vaccine triggered elusive and essential antibodies in humans | ScienceDaily
An HIV vaccine candidate developed at the Duke Human Vaccine Institute triggered low levels of an elusive type of broadly neutralizing HIV antibodies among a small group of people enrolled in a 2019 clinical trial.


						
The finding, reported May 17 in the journal Cell, not only provides proof that a vaccine can elicit these antibodies to fight diverse strains of HIV, but that it can also initiate the process within weeks, setting in motion an essential immune response.

The vaccine candidate targets an area on the HIV-1 outer envelope called the membrane proximal external region (MPER), which remains stable even as the virus mutates. Antibodies against this stable region in the HIV outer coat can block infection by many different circulating strains of HIV.

"This work is a major step forward as it shows the feasibility of inducing antibodies with immunizations that neutralize the most difficult strains of HIV," said senior author Barton F. Haynes, M.D., director of the Duke Human Vaccine Institute (DHVI). "Our next steps are to induce more potent neutralizing antibodies against other sites on HIV to prevent virus escape. We are not there yet, but the way forward is now much clearer."

The research team analyzed data from a phase 1 clinical trial of a vaccine candidate developed by Haynes and S. Munir Alam, Ph.D., at DHVI.

Twenty healthy, HIV-negative people enrolled in the trial. Fifteen participants received two of four planned doses of the investigational vaccine, and five received three doses.

After just two immunizations, the vaccine had a 95% serum response rate and a 100% blood CD4+ T-cell response rate -- two key measurements that demonstrated strong immune activation. Most of the serum responses mapped to the portion of the virus targeted by the vaccine.




Importantly, broadly neutralizing antibodies were induced after just two doses.

The trial was halted when one participant experienced a non-life-threatening allergic reaction, similar to rare incidents reported with COVID-19 vaccinations. The team investigated the cause of the event, which was likely from an additive.

"To get a broadly neutralizing antibody, a series of events needs to happen, and it typically takes several years post-infection," said lead author Wilton Williams, Ph.D., associate professor in Duke's Department of Surgery and member of DHVI. "The challenge has always been to recreate the necessary events in a shorter space of time using a vaccine. It was very exciting to see that, with this vaccine molecule, we could actually get neutralizing antibodies to emerge within weeks."

Other features of the vaccine were also promising, most notably how the crucial immune cells remained in a state of development that allowed them to continue acquiring mutations, so they could evolve along with the ever-changing virus.

The researchers said there is more work to be done to create a more robust response, and to target more regions of the virus envelope. A successful HIV vaccine will likely have at least three components, all aimed at distinct regions of the virus.

"Ultimately, we will need to hit all the sites on the envelope that are vulnerable so that the virus cannot escape," Haynes said. "But this study demonstrates that broadly neutralizing antibodies can indeed be induced in humans by vaccination. Now that we know that induction is possible, we can replicate what we have done here with immunogens that target the other vulnerable sites on the virus envelope."

In addition to Haynes and Williams, study authors include S. Munir Alam, Gilad Ofek, Nathaniel Erdmann, David Montefiori, Michael S. Seaman, Kshitij Wagh, Bette Korber, Robert J. Edwards, Katayoun Mansouri, Amanda Eaton, Derek W. Cain, Mitchell Martin, Robert Parks, Maggie Barr, Andrew Foulger, Kara Anasti, Parth Patel, Salam Sammour, Ruth J. Parsons, Xiao Huang, Jared Lindenberger, Susan Fetics, Katarzyna Janowska, Aurelie Niyongabo, Benjamin M. Janus, Anagh Astavans, Christopher B. Fox, Ipsita Mohanty, Tyler Evangelous, Yue Chen, Madison Berry, Helene Kirshner, Elizabeth Van Itallie, Kevin Saunders, Kevin Wiehe, Kristen W. Cohen, M. Juliana McElrath, Lawrence Corey, Priyamvada Acharya, Stephen R. Walsh, and Lindsey R. Baden.
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A powerful tool speeds success in achieving highly efficient thermoelectric materials | ScienceDaily
Thermoelectric materials could play an important role in the clean energy transition, as they can produce electricity from sources of heat that would otherwise go to waste without generating additional greenhouse gases or requiring large up-front investment. But their promise has been slowed by the fact that most current thermoelectric materials don't efficiently produce enough power to be useful for many practical applications.


						
The search for new, more efficient materials involving complex chemical compositions has been labor-intensive, requiring experimental testing of each proposed new multi-material composition, and has often involved the use of toxic or rare elements. In a paper published Thursday, May 16, in the journal Science, researchers from the University of Houston and Rice University report a new approach to predict the realization of band convergence in a series of materials and, after demonstrating that one so-designed material, a p-type Zintl compound, would offer highly efficient thermoelectric performance, fabricated a thermoelectric module. They reported a heat-to-electricity conversion efficiency exceeding 10% at a temperature difference of 475 kelvin, or about 855 degrees Fahrenheit.

Zhifeng Ren, director of the Texas Center for Superconductivity at UH (TcSUH) and corresponding author for the paper, said the materials' performance remained stable for more than two years.

While a variety of approaches have been used to improve efficiency, a concept known as electronic band convergence has gained attention for its potential to improve thermoelectric performance. "It is normally difficult to get high performance from thermoelectric materials because not all of the electronic bands in a material contribute," Ren said. "It's even more difficult to make a complex material where all of the bands work at the same time in order to get the best performance."

For this work, he said, the scientists first focused on devising a calculation to determine how to build a material in which all the different energy bands can contribute to the overall performance. They then demonstrated that the calculation worked in practice as well as in theory, building a module to further verify the obtained high performance at the device level.

Band convergence is considered a good approach for improving thermoelectric materials because it increases the thermoelectric power factor, which is related to the actual output power of the thermoelectric module. But until now, discovering new materials with strong band convergence was time-consuming and resulted in many false starts. "The standard approach is trial and error," said Ren, who is also the Paul C.W. Chu and May P. Chern Endowed Chair in Condensed Matter Physics at UH. "Instead of doing a lot of experiments, this method allows us to eliminate unnecessary possibilities that won't give better results."

To efficiently predict how to create the most effective material, the researchers used a high-entropy Zintl alloy, YbxCa1-xMgyZn2-ySb2, as a case study, designing a series of compositions through which band convergence was achieved simultaneously in all of the compositions.




Ren described how it works like this: If a team of 10 people try to lift an object, the taller members will carry most of the load while the shorter members do not contribute as much. In band convergence, the goal is to make all the band team members more similar -- tall band members would be shorter, in this example, and short members taller -- so all can contribute to carrying the overall load.

Here, the researchers started with four parent compounds containing five elements in total -- ytterbium, calcium, magnesium, zinc and antimony -- running calculations to determine which combinations of the parent compounds could reach band convergence. Once that was determined, they chose the best among these high-performance compositions to construct the thermoelectric device.

"Without this method, you would have to experiment and try all possibilities," said Xin Shi, a UH graduate student in Ren's group and lead author on the paper. "There's no other way you can do that. Now, we do a calculation first, we design a material, and then make it and test it."

The calculation method could be used for other multi-compound materials, too, allowing researchers to use this approach to create new thermoelectric materials. Once the proper parent compounds are identified, the calculation determines what ratio of each should be used in the final alloy.

In addition to Ren and Shi, the paper's authors include Dr. Shaowei Song, a researcher at the Texas Center for Superconductivity, and Dr. Guanhui Gao from the Department of Materials Science and Nanoengineering at Rice. Gao is now at UH.
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Scientists use generative AI to answer complex questions in physics | ScienceDaily
When water freezes, it transitions from a liquid phase to a solid phase, resulting in a drastic change in properties like density and volume. Phase transitions in water are so common most of us probably don't even think about them, but phase transitions in novel materials or complex physical systems are an important area of study.


						
To fully understand these systems, scientists must be able to recognize phases and detect the transitions between. But how to quantify phase changes in an unknown system is often unclear, especially when data are scarce.

Researchers from MIT and the University of Basel in Switzerland applied generative artificial intelligence models to this problem, developing a new machine-learning framework that can automatically map out phase diagrams for novel physical systems.

Their physics-informed machine-learning approach is more efficient than laborious, manual techniques which rely on theoretical expertise. Importantly, because their approach leverages generative models, it does not require huge, labeled training datasets used in other machine-learning techniques.

Such a framework could help scientists investigate the thermodynamic properties of novel materials or detect entanglement in quantum systems, for instance. Ultimately, this technique could make it possible for scientists to discover unknown phases of matter autonomously.

"If you have a new system with fully unknown properties, how would you choose which observable quantity to study? The hope, at least with data-driven tools, is that you could scan large new systems in an automated way, and it will point you to important changes in the system. This might be a tool in the pipeline of automated scientific discovery of new, exotic properties of phases," says Frank Schafer, a postdoc in the Julia Lab in the Computer Science and Artificial Intelligence Laboratory (CSAIL) and co-author of a paper on this approach.

Joining Schafer on the paper are first author Julian Arnold, a graduate student at the University of Basel; Alan Edelman, applied mathematics professor in the Department of Mathematics and leader of the Julia Lab; and senior author Christoph Bruder, professor in the Department of Physics at the University of Basel. The research is published today in Physical Review Letters.

Detecting phase transitions using AI




While water transitioning to ice might be among the most obvious examples of a phase change, more exotic phase changes, like when a material transitions from being a normal conductor to a superconductor, are of keen interest to scientists.

These transitions can be detected by identifying an "order parameter," a quantity that is important and expected to change. For instance, water freezes and transitions to a solid phase (ice) when its temperature drops below 0 degrees Celsius. In this case, an appropriate order parameter could be defined in terms of the proportion of water molecules that are part of the crystalline lattice versus those that remain in a disordered state.

In the past, researchers have relied on physics expertise to build phase diagrams manually, drawing on theoretical understanding to know which order parameters are important. Not only is this tedious for complex systems, and perhaps impossible for unknown systems with new behaviors, but it also introduces human bias into the solution.

More recently, researchers have begun using machine learning to build discriminative classifiers that can solve this task by learning to classify a measurement statistic as coming from a particular phase of the physical system, the same way such models classify an image as a cat or dog.

The MIT researchers demonstrated how generative models can be used to solve this classification task much more efficiently, and in a physics-informed manner.

The Julia Programming Language, a popular language for scientific computing that is also used in MIT's introductory linear algebra classes, offers many tools that make it invaluable for constructing such generative models, Schafer adds.




Generative models, like those that underlie ChatGPT and Dall-E, typically work by estimating the probability distribution of some data, which they use to generate new data points that fit the distribution (such as new cat images that are similar to existing cat images).

However, when simulations of a physical system using tried-and-true scientific techniques are available, researchers get a model of its probability distribution for free. This distribution describes the measurement statistics of the physical system.

A more knowledgeable model

The MIT team's insight is that this probability distribution also defines a generative model upon which a classifier can be constructed. They plug the generative model into standard statistical formulas to directly construct a classifier instead of learning it from samples, as was done with discriminative approaches.

"This is a really nice way of incorporating something you know about your physical system deep inside your machine-learning scheme. It goes far beyond just performing feature engineering on your data samples or simple inductive biases," Schafer says.

This generative classifier can determine what phase the system is in given some parameter, like temperature or pressure. And because the researchers directly approximate the probability distributions underlying measurements from the physical system, the classifier has system knowledge.

This enables their method to perform better than other machine-learning techniques. And because it can work automatically without the need for extensive training, their approach significantly enhances the computational efficiency of identifying phase transitions.

At the end of the day, similar to how one might ask ChatGPT to solve a math problem, the researchers can ask the generative classifier questions like "does this sample belong to phase I or phase II?" or "was this sample generated at high temperature or low temperature?"

Scientists could also use this approach to solve different binary classification tasks in physical systems, possibly to detect entanglement in quantum systems (Is the state entangled or not?) or determine whether theory A or B is best suited to solve a particular problem. They could also use this approach to better understand and improve large language models like ChatGPT by identifying how certain parameters should be tuned so the chatbot gives the best outputs.

In the future, the researchers also want to study theoretical guarantees regarding how many measurements they would need to effectively detect phase transitions and estimate the amount of computation that would require.

This work was funded, in part, by the Swiss National Science Foundation, the MIT-Switzerland Lockheed Martin Seed Fund, and MIT International Science and Technology Initiatives.
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Otters, especially females, use tools to survive a changing world | ScienceDaily
Sea otters are one of the few animals that use tools to access their food, and a new study has found that individual sea otters that use tools -- most of whom are female -- are able to eat larger prey and reduce tooth damage when their preferred prey becomes depleted.


						
The study researchers and their enlisted volunteer "otter spotters" followed 196 radio-tagged southern sea otters off the coast of California to better understand how the threatened species uses tools in a rapidly changing environment. The research team from The University of Texas at Austin, University of California, Santa Cruz, Monterey Bay Aquarium and elsewhere monitored how the marine mammals used tools -- such as rocks, shells and trash -- to break open prey and identified links to the animals' dietary patterns and dental health.

For the first time, researchers found that the use of tools among male and female otters led to a reduction in tooth injuries.

"Sea otters vary in how often they use tools," said Chris Law, a postdoctoral researcher and an Early Career Provost Fellow at UT Austin who led the study while a graduate student at UC Santa Cruz. "The females are likely using tools to overcome their smaller body size and weaker biting ability in order to meet their calorie demands. Raising pups takes a lot of energy, and the females need to be efficient in their foraging. The study shows that tool use is an important behavior for survival."

The study is published in Science.

In the southern sea otter's range of coastal Central California, some of the preferred prey such as large abalone and sea urchins, are not difficult to break open. However, these food resources dwindle or disappeare in many areas. This leads otters to prey more often on crabs, clams, mussels and small marine snails whose hard shells can damage the otter's teeth in the process of prying them open.

Tooth condition is important for survival because when an otter's teeth become too worn or damaged, they could starve. Using tools helped individual otters to meet their calorie needs by branching out into different types of prey. The study found female otters had less tooth damage than male otters did.




Research shows that female otters are more likely to use tools, and in the study, those that did were able to access harder or larger prey than otters that did not use tools. In fact, females were able to consume prey that were up to 35% harder compared with that of males that used tools.

Female dolphins, chimps and bonobos are also known to use tools more than their male counterparts, probably for the same reasons. In these species, females tend to raise offspring, and they are often the ones that pass down tool-use behavior to offspring.

Listed as a threatened species under the U.S. Endangered Species Act, southern sea otters number only about 3,000 in California, where they play a critical role in marine ecosystems preying on sea urchins that feed on kelp forests.

Rita Mehta and Tim Tinker of the University of California, Santa Cruz; Jessica Fujii, Teri Nicholson and Michelle Staedler with the Monterey Bay Aquarium; Joseph Tomoleoni of the U.S. Geological Survey; and Colleen Young of the California Department of Fish and Wildlife were also authors on the paper. Chris Law was previously a postdoctoral scholar with University of Washington.

The research was funded by the U.S. National Science Foundation, Packard Foundation, Coastal Conservancy, U.S. Fish and Wildlife Service, Pacific Gas & Electric and Bureau of Ocean Energy Management.
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New gene delivery vehicle shows promise for human brain gene therapy | ScienceDaily
In an important step toward more effective gene therapies for brain diseases, researchers from the Broad Institute of MIT and Harvard have engineered a gene-delivery vehicle that uses a human protein to efficiently cross the blood-brain barrier and deliver a disease-relevant gene to the brain in mice expressing the human protein. Because the vehicle binds to a well-studied protein in the blood-brain barrier, the scientists say it has a good chance at working in patients.


						
Gene therapy could potentially treat a range of severe genetic brain disorders, which currently have no cures and few treatment options. But FDA-approved forms of the most commonly used vehicle for packaging and delivering these therapies to target cells, adeno-associated viruses (AAVs), aren't able to efficiently cross the blood-brain barrier at high levels and deliver therapeutic cargo. The enormous challenge of getting therapies past this barrier -- a highly selective membrane separating the blood from the brain -- has stymied the development of safer and more effective gene therapies for brain diseases for decades.

Now researchers in the lab of Ben Deverman, an institute scientist and senior director of vector engineering at the Broad, have engineered the first published AAV that targets a human protein to reach the brain in humanized mice. The AAV binds to the human transferrin receptor, which is highly expressed in the blood-brain barrier in humans. In a new study published in Science, the team showed that their AAV, when injected into the bloodstream in mice expressing a humanized transferrin receptor, crossed into the brain at much higher levels than the AAV that is used in an FDA-approved gene therapy for the central nervous system, AAV9. It also reached a large fraction of important types of brain cells, including neurons and astrocytes. The researchers then showed that their AAV could deliver copies of the GBA1 gene, which has been linked to Gaucher's disease, Lewy body dementia, and Parkinson's disease, to a large fraction of cells throughout the brain.

The scientists add that their new AAV could be a better option for treating neurodevelopmental disorders caused by mutations in a single gene such as Rett syndrome or SHANK3 deficiency; lysosomal storage diseases like GBA1deficiency; and neurodegenerative diseases such as Huntington's disease, prion disease, Friedreich's ataxia, and single-gene forms of ALS and Parkinson's disease.

"Since we came to the Broad we've been focused on the mission of enabling gene therapies for the central nervous system," said Deverman, senior author on the study. "If this AAV does what we think it will in humans based on our mouse studies, it will be so much more effective than current options."

"These AAVs have the potential to change a lot of patients' lives," said Ken Chan, a co-first author on the paper and group leader from Deverman's group who has been working on solving gene delivery to the central nervous system for nearly a decade.

Mechanism first

For years, researchers developed AAVs for specific applications by preparing massive AAV libraries and testing them in animals to identify top candidates. But even when this approach succeeds, the candidates often don't work in other species, and the approach doesn't provide information about how the AAVs reach their targets. This can make it difficult to translate a gene therapy using these AAVs from animals to humans.




To find a delivery vehicle with a greater chance of reaching the brain in people, Deverman's team switched to a different approach. They used a method they published last year, which involves screening a library of AAVs in a test tube for ones that bind to a specific human protein. Then they test the most promising candidates in cells and mice that have been modified to express the protein.

As their target, the researchers chose human transferrin receptor, which has long been the target of antibody-based therapies that aim to reach the brain. Several of these therapies have shown evidence of reaching the brain in humans.

The team's screening technique identified an AAV called BI-hTFR1 that binds human transferrin receptor, enters human brain cells, and bypasses a human cell model of the blood-brain barrier.

"We've learned a lot from in vivo screens but it has been tough finding AAVs that worked this well across species," added Qin Huang, a co-first author on the study and a senior research scientist in Deverman's lab who helped develop the screening method to find AAVs that bind specific protein targets. "Finding one that works using a human receptor is a big step forward."

Beyond the dish

To test the AAVs in animals, the researchers used mice in which the mouse gene that encodes the transferrin receptor was replaced with its human equivalent. The team injected the AAVs into the bloodstream of adult mice and found dramatically higher levels of the AAVs in the brain and spinal cord compared to mice without the human transferrin receptor gene, indicating that the receptor was actively ferrying the AAVs across the blood-brain barrier.




The AAVs also showed 40-50 times higher accumulation in brain tissue than AAV9, which is part of an FDA-approved therapy for spinal muscular atrophy in infants but is relatively inefficient at delivering cargo to the adult brain. The new AAVs reached up to 71 percent of neurons and 92 percent of astrocytes in different regions of the brain.

In work led by research scientist Jason Wu, Deverman's team also used the AAVs to deliver healthy copies of the human GBA1 gene, which is mutated in several neurological conditions. The new AAVs delivered 30 times more copies of the GBA1 gene than AAV9 in mice and were delivered throughout the brain.

The team said that the new AAVs are ideal for gene therapy because they target a human protein and have similar production and purification yields as AAV9 using scalable manufacturing methods. A biotech company co-founded by Deverman, Apertura Gene Therapy, is already developing new therapies using the AAVs to target the central nervous system.

With more development, the scientists think it's possible to improve the gene-delivery efficiency of their AAVs to the central nervous system, decrease their accumulation in the liver, and avoid inactivation by antibodies in some patients.

Sonia Vallabh and Eric Minikel, two researchers at the Broad who are developing treatments for prion disease, are excited by the potential of the AAVs to deliver brain therapies in humans.

"When we think about gene therapy for a whole-brain disease like prion disease, you need really systemic delivery and broad biodistribution in order to achieve anything," said Minikel. "Naturally occurring AAVs just aren't going to get you anywhere. This engineered capsid opens up a world of possibilities."
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How neighboring whale families learn each other's vocal style | ScienceDaily
Researchers from Project CETI (Cetacean Translation Initiative) and collaborating institutions have developed a method to investigate sperm whale communication by determining their vocal style, finding that groups living in close proximity can develop similar styles to each other.


						
The study, published today as a Reviewed Preprint in eLife, is described as important by the editors, contributing to a richer understanding of communication between whales. They say it provides solid evidence for the existence of social learning between neighbouring sperm whale clans

The methodology developed by the team could also be used as a framework for comparing communication systems in other species, to gain a deeper understanding of vocal and cultural transmission within non-human societies.

Sperm whales live in multilevel societies. This allows them to engage in complex social behaviours and also facilitates the transmission of knowledge and cultural behaviours across generations.

Sperm whales communicate through rhythmic patterns of clicks called codas. The set of vocalised coda types combined with how frequently they are used makes up a vocal repertoire and define membership in a particular clan.

"While there is evidence of individual variations in vocal repertoires, sperm whales belonging to the same social unit share a common vocal repertoire that persists across many years -- these are referred to as part of the same clan," says lead author Antonio Leitao, a PhD student at Scuola Normale Superiore in Pisa and member of Project CETI. "There is a clear social segregation between members of different clans, even when living close together. Different clans are characterised by identity codas, which typically account for a minority of total codas vocalised by each whale."

Previous work on sperm whale communication has mostly used vocal repertoires to distinguish between individual whales, social units, or clans. Leitao and colleagues aimed to investigate the differences in structure within codas to gain a deeper understanding of the variations in sperm whale communication. Each coda can be broken down into a sequence of inter-click intervals (ICIs). So, they created a model using a technique called variable length Markov chains, which allowed them to estimate the probability of observing a specific ICI, based on the previous one. This data could then be used to create a "subcoda tree" for an individual whale or clan, which contains information about all of the important rhythmic variations and transitions between ICIs -- their vocal style.




To test the validity of their method, the team analysed two datasets of sperm whale vocalisations, from the Pacific and Atlantic Oceans. The Atlantic dataset comprised two different clans and had rich annotations of the coda types recorded, the identity of the vocalising whales and their social relations. They generated subcoda trees for each social unit and, when they compared between them, the team discovered that trees from different social units within the same clan were much more similar than those between members of different clans. Without using the information on the clan memberships of the recorded whales, the team were able to use their vocal style to accurately sort them into their respective clans, validating their method. They also extended this to the much larger Pacific dataset collected since 1978, in which they were also able to determine the whales' clan membership based on the similarity of their vocal style.

During these studies, the team also analysed how spatial proximity between clans and social units affects their vocal style. Previous work* had explored whether identity coda usage by whales differs based on proximity to other clans. It revealed that greater spatial overlap between clans caused their respective identity coda repertoires to become more different from each other, by modulating the frequency with which they are vocalised. No difference was found for non-identity codas. When analysing vocal style, the team observed an opposite effect -- closer proximity between clans increased the similarity of their non-identity coda vocal style, while no change was observed for identity codas. This suggests that geographic overlap between clans causes their vocal styles, in terms of non-identity codas, to become more similar, but does not jeopardise their ability to use identity codas to signify their clan membership.

"The increase in similarity of non-identity coda vocal styles is most likely the result of social learning," claims Leitao. "Identity codas are consistently maintained to allow the recognition of fellow clan members, but we believe that social learning between clans leads to a more similar vocal style with other whales that are within acoustic range."

The authors call for more research to fully confirm their evidence for this social learning in sperm whales. Namely, conducting the same analyses on a larger dataset would add more statistical power, and a longitudinal analysis over time could provide direct evidence for the existence of social learning between clans and rule out the alternative possibilities of genetic or environmental factors playing a role.

"Our results strengthen previous results on the use of identity codas as symbolic markers, while supporting cultural transmission and social learning of vocalisations among whales of different clans," says senior author Giovanni Petri, who is Lead of Network Science at Project CETI, Professor at the Network Science Institute at Northeastern University London and and Principal Researcher at the CENTAI Institute. "We suggest that vocal learning in sperm whales may not be limited to vertical transmission from adults to their kin, but that horizontal social learning from outside the immediate family unit may also be occurring."
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        Mental disorders may spread in young people's social networks
        A recently completed study demonstrates that mental disorders may be transmitted between individuals within social networks. The finding was the most evident in the case of mood, anxiety and eating disorders.

      

      
        Gentler cell therapies for blood cancer
        Researchers have developed an approach to 'deleting' a blood system affected by leukemia while simultaneously building up a new, healthy system with donor blood stem cells. The team reports on the promising results obtained in animal experiments and with human cells in the laboratory.

      

      
        Adhesive coatings can prevent scarring around medical implants
        Engineers have found a way to eliminate the buildup of scar tissue around implantable devices, by coating them with a hydrogel adhesive. The material binds the device to tissue and prevents the immune system from attacking the device.

      

      
        Ancient viral DNA in the human genome linked to major psychiatric disorders
        New research has found that thousands of DNA sequences originating from ancient viral infections are expressed in the brain, with some contributing to susceptibility for psychiatric disorders such as schizophrenia, bipolar disorder, and depression.

      

      
        Signatures of heart attack
        Researchers have mapped the immune response in heart attacks and identified signatures that correlate with the clinical progression.

      

      
        Milk from before antibiotic era were resistant to antibiotic tetracycline
        The researchers started with 50 samples collected from 1941 to 1947, and they found that the samples contained seven different Streptococcus species, including two subspecies of S. dysgalactiae. Interestingly, the researchers found some of the samples were resistant to the antibiotic tetracycline and did not carry antibiotic resistance genes typically seen in today's antibiotic-resistant bacterial strains. Since these samples were collected prior to the antibiotic era, the results add to a growin...

      

      
        Naturally occurring substance in pomegranates can improve treatment of Alzheimer's disease
        A substance naturally occurring in i.a. pomegranates, strawberries and walnuts can improve memory and treatment of Alzheimer's disease, a new study concludes.

      

      
        New tool may help prioritize high-risk infants for RSV immunization
        On the heels of a shortage of nirsevimab for infant respiratory syncytial virus (RSV) lower respiratory tract infection (LRTI) prevention, a new tool may help identify newborns at highest risk for developing serious RSV LRTI, according to new research.

      

      
        Body lice may be bigger plague spreaders than previously thought
        A new laboratory study suggests that human body lice are more efficient at transmitting Yersinia pestis, the bacterium that causes plague, than previously thought, supporting the possibility that they may have contributed to past pandemics.

      

      
        Scientists create tailored drug for aggressive breast cancer
        Scientists have used breast cancer cells' weakness against themselves by linking a tumor-selective antibody with a cell-killing drug to destroy hard-to-treat tumors.

      

      
        Drug-like inhibitor shows promise in preventing flu
        Currently available flu medications only target the virus after it has already established an infection, but what if a drug could prevent infection in the first place? Now, scientists have designed drug-like molecules to do just that, by thwarting the first stage of influenza infection.

      

      
        PFAS exposure in men linked to the health of their offspring
        Researchers are reporting new findings that demonstrate a link between exposure to per- and polyfluorinated alkyl substances (PFAS) in males and health issues in their offspring.

      

      
        Ruptured Achilles tendon shows faster repair amid plasma irradiation treatment
        Researchers have been focusing on non-thermal atmospheric-pressure plasma as a treatment method that can shorten recovery times, such as for tendon repair. Using a helium plasma jet, they demonstrated that irradiation of ruptured Achilles tendons showed accelerated regeneration and increased strength at an earlier stage than if the injury site was not irradiated.

      

      
        How immune cells recognize the abnormal metabolism of cancer cells
        When cells become tumor cells, their metabolism changes fundamentally. Researchers have now demonstrated that this change leaves traces that could provide targets for cancer immunotherapies.

      

      
        Exercise bouts could improve efficacy of cancer drug
        Bouts of moderate-to-vigorous intensity exercise could improve the efficacy of antibody therapies used to treat chronic lymphocytic leukaemia, new research has shown.

      

      
        Extremely rare immune cells predict how well treatments work for recurrent hives
        A new study examines the common skin condition, chronic spontaneous urticaria (CSU), characterized by recurrent hives. This study shows a link between rare cell types and treatment response.

      

      
        Night-time heat significantly increases the risk of stroke
        Researchers show that nocturnal heat significantly increases the risk of stroke. The findings can contribute to the development of preventive measures: With them, the population can better protect themselves against the risks of climate change with increasingly frequent hot nights. In addition, knowledge of the consequences of hot nights can improve patient care.

      

      
        Study models how ketamine's molecular action leads to its effects on the brain
        New research addresses a gap in understanding how ketamine's impact on individual neurons leads to pervasive and profound changes in brain network function.

      

      
        Hope for a cure for visceral leishmaniasis, an often fatal infectious disease
        Leishmaniasis is a tropical disease affecting a growing number of people worldwide. Each year, between 700,000 and 1 million new cases are reported. Caused by a protozoan parasite of the genus Leishmania, which is transmitted to humans by the simple bite of a sand fly, leishmaniasis comprises three clinical forms, of which the visceral form is the most serious. If left untreated, visceral leishmaniasis, also known as black fever, is almost always fatal.

      

      
        Lung cancer study offers further evidence on importance of screening
        Researchers have demonstrated the benefits of lung cancer screening across socioeconomic groups. Evidence in the new study illustrates the value and importance of screening, especially for those who live in areas of economic deprivation.

      

      
        AI can help improve ER admission decisions
        Generative artificial intelligence (AI), such as GPT-4, can help predict whether an emergency room patient needs to be admitted to the hospital even with only minimal training on a limited number of records. In the retrospective study, the researchers analyzed records from seven hospitals, using both structured data, such as vital signs, and unstructured data, such as nurse triage notes, from more than 864,000 emergency room visits while excluding identifiable patient data.

      

      
        Matcha mouthwash inhibits bacteria that causes periodontitis
        Matcha, a finely ground green tea powder, may help keep bacteria that causes periodontitis at bay.

      

      
        Cortex's self-organizing abilities in neural development
        Researchers have investigated how highly organized patterns of neural activity emerge during development.

      

      
        Math discovery provides new method to study cell activity, aging
        New mathematical tools revealing how quickly cell proteins break down are poised to uncover deeper insights into how we age, according to a recently published paper.

      

      
        Researchers introduce programmable materials to help heal broken bones
        Natural materials like bone, bird feathers and wood have an intelligent approach to physical stress distribution, despite their irregular architectures. However, the relationship between stress modulation and their structures has remained elusive. A new study that integrates machine learning, optimization, 3D printing and stress experiments allowed engineers to gain insight into these natural wonders by developing a material that replicates the functionalities of human bone for orthopedic femur r...

      

      
        Food for thought: Study links key nutrients with slower brain aging
        A new study suggests better nutrition might help prevent cognitive decline. Working with a group of 100 cognitively healthy participants aged 65 to 75, a research team combined neuroscience with nutritional science to identify a specific nutrient profile linked with better performance on cognitive tests. Nutrient biomarkers identified via blood tests revealed a combination of fatty acids, antioxidants and carotenoids, and two forms of Vitamin E and choline -- very similar to the Mediterranean die...

      

      
        New therapeutic avenues in bone repair
        Researchers have shown that a naturally occurring peptide (small protein) holds promise as a new therapeutic for osteoporosis and other disorders that feature bone loss, with distinct advantages over existing drugs.

      

      
        Studies reveal cell-by-cell changes caused when pig hearts and kidneys are transplanted into humans
        Two new studies detail the changes seen at the single-cell level in pig organs and recipient human bodies before, during, and just after the xenotransplantation surgeries in the decedents.

      

      
        A new gene-editing system tackles complex diseases
        Current methods to model or correct mutations in live cells are inefficient, especially when multiplexing -- installing multiple point mutations simultaneously across the genome. Researchers have developed new, efficient genome editing tools called multiplexed orthogonal base editors (MOBEs) to install multiple point mutations at once.

      

      
        Clarifying the cellular mechanisms underlying periodontitis with an improved animal model
        Although periodontitis is an extremely prevalent disorder, it is challenging to conduct detailed and comprehensive analyses of its progression at the cellular level. Recently, researchers developed an improved periodontitis mouse model that simplifies the collection and analysis of multiple periodontal tissue types. Using this model, they clarified the role of an important signaling pathway in the inflammatory response of periodontal tissue, paving the way for better diagnostic and therapeutic st...

      

      
        Drug helps reprogram macrophage immune cells, suppress prostate and bladder tumor growth
        A novel therapy that reprograms immune cells to promote antitumor activity helped shrink hard-to-treat prostate and bladder cancers in mice, according to new research.

      

      
        'I feel like I'm Alice in Wonderland': Why nightmares and 'daymares' could be early warning signs of autoimmune disease
        An increase in nightmares and hallucinations -- or 'daymares' -- could herald the onset of autoimmune diseases such as lupus.

      

      
        Second Phase 3 clinical trial again shows dupilumab lessens disease in COPD patients with type 2 inflammation
        Chronic obstructive pulmonary disease patients with type 2 inflammation may soon gain access to a new drug -- dupilumab -- that showed rapid and sustained improvements in patients in a pivotal Phase 3 clinical trial, researchers report. This monoclonal antibody is the first biologic shown to improve clinical outcomes in COPD.

      

      
        Electric school buses may yield significant health and climate benefits, cost savings
        Replacing diesel school buses with electric school buses may yield up to $247,600 in climate and health benefits per individual bus, according to a new study. The researchers found that these benefits -- including fewer greenhouse gas emissions and reduced rates of adult mortality and childhood asthma -- and their associated savings are strongest in large cities and among fleets of old (2005 and before) buses.

      

      
        Yoga and meditation-induced altered states of consciousness are common in the general population
        A new study finds that altered states of consciousness associated with yoga, meditation, mindfulness, and other practices are common, and mostly positive or even transformative, but that for some people, they can be linked to suffering.

      

      
        Mothers live longer as child mortality declines
        The dramatic decline in childhood mortality during the 20th century has added a full year to women's lives, according to a new study.

      

      
        Study sheds light on bacteria associated with pre-term birth
        Multiple species of Gardnerella, bacteria sometimes associated with bacterial vaginosis (BV) and pre-term birth, can coexist in the same vaginal microbiome. The findings add to the emerging picture of Gardnerella's effects on human health.

      

      
        New method to reveal what drives brain diseases
        The brain is often referred to as a 'black box'-- one that's difficult to peer inside and determine what's happening at any given moment. This is part of the reason why it's difficult to understand the complex interplay of molecules, cells and genes that underlie neurological disorders. But a new CRISPR screen method has the potential to uncover new therapeutic targets and treatments for these conditions.

      

      
        1 in 4 parents say their teen consumes caffeine daily or nearly every day
        A quarter of parents report that caffeine is basically part of their teen's daily life, according to a new national poll.

      

      
        Extreme heat associated with children's asthma hospital visits
        Extreme heat events were associated with increased asthma hospital visits, according to new research.

      

      
        Exercise spurs neuron growth and rewires the brain, helping mice forget traumatic and addictive memories
        Researchers have found that increased neuron formation and the subsequent rewiring of neural circuits in the hippocampus through exercise or genetic manipulation helps mice forget traumatic or drug-associated memories. The findings could offer a new approach to treating mental health conditions like post-traumatic stress disorder or drug addiction.

      

      
        Study offers new detail on how COVID-19 affects the lungs
        New research shows that ferroptosis, a form of cell death, occurs in severe COVID-19 patient lungs. Stopping it improves outcomes.

      

      
        Body's 'message in a bottle' delivers targeted cancer treatment
        Researchers have succeeded in delivering targeted cancer treatment via small membrane bubbles that our cells use to communicate. A new study shows that the treatment reduces tumor growth and improves survival in mice.

      

      
        New mechanisms behind antibiotic resistance
        Two newly discovered mechanisms in bacteria have been identified that can contribute to the development of antibiotic resistance. Changing the number of copies of resistance genes in bacteria increases antibiotic resistance, and can do so very quickly. These two mechanisms, along with a third known mechanism, can occur independently of each other, even within the same bacterial cell.

      

      
        Robot-phobia could exacerbate hotel, restaurant labor shortage
        Using more robots to close labor gaps in the hospitality industry may backfire and cause more human workers to quit, according to a new study. The study, involving more than 620 lodging and food service employees, found that 'robot-phobia' -- specifically the fear that robots and technology will take human jobs -- increased workers' job insecurity and stress, leading to greater intentions to leave their jobs. The impact was more pronounced with employees who had real experience working with robot...

      

      
        Scientists uncover promising treatment target for resistant brain cancer
        For many patients with a deadly type of brain cancer called glioblastoma, chemotherapy resistance is a big problem. But now, researchers may have moved a step closer to a solution.

      

      
        Significant gaps between science of obesity and the care patients receive
        More than 40% of adults in the United States live with obesity, and the percentage of people living with obesity continues to increase dramatically. While experts have learned a great deal about the causes of obesity and effective treatments for it, that information isn't always implemented in clinical settings, which may be hindering progress in reducing the rates of cardiovascular disease.

      

      
        Brain 'assembloids' mimic human blood-brain barrier
        Major advance promises to accelerate the understanding and improved treatment of a wide range of brain disorders, including stroke, cerebral vascular disorders, brain cancer, Alzheimer's disease, Huntington disease, Parkinson's disease, and other neurodegenerative conditions.

      

      
        New AI algorithm may improve autoimmune disease prediction and therapies
        A new advanced artificial intelligence (AI) algorithm more accurately model how genes associated with specific autoimmune diseases are expressed and regulated and to identify additional genes of risk. The method outperforms existing methodologies and identified 26% more novel gene and trait associations.

      

      
        Better medical record-keeping needed to fight antibiotic overuse
        A lack of detailed record-keeping in clinics and emergency departments may be getting in the way of reducing the inappropriate use of antibiotics, a pair of new studies suggests. In one of the studies, about 10% of children and 35% of adults who got an antibiotic prescription during an office visit had no specific reason for the antibiotic in their record.
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Mental disorders may spread in young people's social networks | ScienceDaily
Using population-wide registry data, researchers from the University of Helsinki, the Finnish Institute for Health and Welfare, the University of Jyvaskyla and the University of Manchester investigated whether mental disorders can be transmitted within social networks formed by school classes.


						
The study is the largest and most comprehensive so far on the spread of mental disorders in social networks, with more than 700,000 ninth-grade pupils from 860 Finnish schools participating. The adolescents were followed from the end of ninth grade for a median of 11 years.

The researchers demonstrated that the number of classmates diagnosed with a mental disorder was associated with a higher risk of receiving a mental disorder diagnosis later in life.

"The observed link was the strongest during the first year of follow-up in the study. This was not explained by a number of factors related to parents, school and residential area. The link was most pronounced in the case of mood, anxiety and eating disorders," says Associate Professor Christian Hakulinen of the University of Helsinki.

Research enabled by comprehensive Finnish registers

According to Hakulinen, prior studies have yielded similar results: for example, American researchers have observed indications of depressive symptoms potentially being transmitted from one individual to another in social networks.

In prior research, however, social networks have typically been chosen independently by the research subjects, which may result in bias in the data. Hakulinen points out that school classes are social networks well suited to research, as people are usually not able to choose their classmates.




"Defining the social networks and following adolescents were made possible by extensive Finnish registers. The findings significantly deepen our understanding of how mental health problems develop and affect other people in our social networks," he says.

Hakulinen nevertheless notes that the connection observed in the study is not necessarily causal. Furthermore, the study did not investigate how mental disorders can potentially be transmitted between individuals.

"It may be possible, for instance, that the threshold for seeking help for mental health issues is lowered when there are one or more people in your social network who have already sought help for their problems. In fact, this kind of normalisation of diagnosis and treatment can be considered beneficial contagion of mental disorders," Hakulinen says.

More preventive measures?

Mental disorders are a significant global challenge, adversely affecting individuals, society and the economy. According to Hakulinen, anxiety and mood symptoms in particular have in recent years increased among young people.

Previous studies have shown that, in roughly half of all cases, the onset of mental disorders in adulthood occurs when people are under 18. In fact, Hakulinen emphasises the importance of preventive measures and early intervention.

"When taking preventive measures, it's worthwhile considering that mental disorders can spread from one adolescent to another," Hakulinen says.

The study involved a total of 713,809 Finnish citizens born between 1985 and 1997. The adolescents were investigated from the end of comprehensive school until they received their first mental disorder diagnosis, relocated from the country or died. At the latest, the follow-up was discontinued at the end of 2019, resulting in a median follow-up period of 11.4 years. 

The study received funding from the European Research Council (ERC) and the Research Council of Finland.
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Gentler cell therapies for blood cancer | ScienceDaily
Researchers have developed an approach to "deleting" a blood system affected by leukemia while simultaneously building up a new, healthy system with donor blood stem cells. Writing in the journal Nature, the team reports on the promising results obtained in animal experiments and with human cells in the laboratory.


						
In aggressive cases of leukemia, the only chance for a cure is to replace the diseased blood system with a healthy one. Although the transplantation of donor blood stem cells is a well-established form of treatment, it is an onerous process for patients. First, chemotherapy is used to remove the body's own blood stem cells as well as most of the blood cells. Only then do the attending physicians intravenously administer the stem cells from a suitable donor to the patient. This procedure is associated with side effects and potential complications.

The team led by Professor Lukas Jeker from the Department of Biomedicine at the University of Basel has taken a different approach. Writing in the journal Nature, the team describes how all blood cells can be removed from a leukemia sufferer in a targeted manner while a new blood system is built up at the same time. The results represent the successful completion of a project funded by the European Research Council with a Consolidator Grant of EUR 2.4 million.

Mixing console for blood systems

The system established by the researchers in Jeker's team can be imagined as a mixing console, where a DJ gradually fades down the level of the first song while raising the volume of the second until the first track dies away completely and only the second is audible.

The fading-down process works as follows: Specific antibodies coupled to a cytotoxic drug recognize all blood cells in the patient's body based on a surface structure. This marker is common to all the different types of blood cell (both healthy and diseased) but does not appear on other cells of the body. Bit by bit, the antibody-drug conjugate therefore recognizes and destroys all cells of the diseased blood system.

While this is taking place, the second song also starts -- that is, the patient receives a transplant of new, healthy blood cells from a suitable donor. To prevent the antibody-drug conjugates from also attacking the new blood stem cells, or the blood cells they produce, the researchers use genetic engineering techniques to modify the donor stem cells in a targeted manner. Specifically, they introduce a small change in the surface molecule so that the antibodies don't recognize the new blood cells. The researchers refer to this targeted modification of the donor stem cells as "shielding," because it acts like a protective shield against the cancer treatment.




Elaborate search for suitable regulators

The two first authors of the study, Simon Garaude and Dr. Romina Matter-Marone, worked with an interdisciplinary team of bioinformaticians, biochemists, genetic engineering specialists, and clinicians from academia and industry to select the best-suited target structure -- and the best protective modification for the fading-down process -- from the multitude of surface molecules on blood cells. The chosen molecule, known as CD45, proved extremely promising in trials on mice and human cells in the laboratory.

"We needed a surface molecule that appeared with approximately the same frequency on all blood cells if possible, including the leukemia cells, but that wasn't present on other cells in the body," explains Jeker. CD45 met this requirement and, at the same time, was also suitable for "shielding" -- in other words, it could be modified on the donor blood stem cells in such a way that these cells were protected from the cancer treatment but the function of CD45 remained completely normal.

Applications beyond cancer

"The new approach could pave the way for new treatment options for patients whose state of health is incompatible with the chemotherapy needed for stem cell transplantation," says joint first author Romina Matter-Marone. Although further tests and optimization are needed, the aim is for initial clinical trials to begin in just a few years' time.

The "mixing console for blood systems" also opens up further possibilities, as joint first author Simon Garaude explains: "We show how cells that are 'invisible' to a blood cell remover can be used to swap out the entire blood system." This, he says, is an important step toward a programmable blood system that could also assume functions on demand -- for example, to correct a serious genetic defect or to impart resistance to specific viruses such as HIV.
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Adhesive coatings can prevent scarring around medical implants | ScienceDaily
When medical devices such as pacemakers are implanted in the body, they usually provoke an immune response that leads to buildup of scar tissue around the implant. This scarring, known as fibrosis, can interfere with the devices' function and may require them to be removed.


						
In an advance that could prevent that kind of device failure, MIT engineers have found a simple and general way to eliminate fibrosis by coating devices with a hydrogel adhesive. This adhesive binds the devices to tissue and prevents the immune system from attacking it.

"The dream of many research groups and companies is to implant something into the body that over the long term the body will not see, and the device can provide therapeutic or diagnostic functionality. Now we have such an 'invisibility cloak,' and this is very general: There's no need for a drug, no need for a special polymer," says Xuanhe Zhao, an MIT professor of mechanical engineering and of civil and environmental engineering.

The adhesive that the researchers used in this study is made from cross-linked polymers called hydrogels, and is similar to a surgical tape they previously developed to help seal internal wounds. Other types of hydrogel adhesives can also protect against fibrosis, the researchers found, and they believe this approach could be used for not only pacemakers but also sensors or devices that deliver drugs or therapeutic cells.

Zhao and Hyunwoo Yuk SM '16, PhD '21, a former MIT research scientist who is now the chief technology officer at SanaHeal, are the senior authors of the study, which will appear in Nature. MIT postdoc Jingjing Wu is the lead author of the paper.

Preventing fibrosis

In recent years, Zhao's lab has developed adhesives for a variety of medical applications, including double-sided and single-sided tapes that could be used to heal surgical incisions or internal injuries. These adhesives work by rapidly absorbing water from wet tissues, using polyacrylic acid, an absorbent material used in diapers. Once the water is cleared, chemical groups called NHS esters embedded in the polyacrylic acid form strong bonds with proteins at the tissue surface. This process takes about five seconds.




Several years ago, Zhao and Yuk began exploring whether this kind of adhesive could also help keep medical implants in place and prevent fibrosis from occurring.

To test this idea, Wu coated polyurethane devices with their adhesive and implanted them on the abdominal wall, colon, stomach, lung, or heart of rats. Weeks later, they removed the device and found that there was no visible scar tissue. Additional tests with other animal models showed the same thing: Wherever the adhesive-coated devices were implanted, fibrosis did not occur, for up to three months.

"This work really has identified a very general strategy, not only for one animal model, one organ, or one application," Wu says. "Across all of these animal models, we have consistent, reproducible results without any observable fibrotic capsule."

Using bulk RNA sequencing and fluorescent imaging, the researchers analyzed the animals' immune response and found that when devices with adhesive coatings were first implanted, immune cells such as neutrophils began to infiltrate the area. However, the attacks quickly quenched out before any scar tissue could form.

"For the adhered devices, there is an acute inflammatory response because it is a foreign material," Yuk says. "However, very quickly that inflammatory response decayed, and then from that point you do not have this fibrosis formation."

One application for this adhesive could be coatings for epicardial pacemakers -- devices that are placed on the heart to help control the heart rate. The wires that contact the heart often become fibrotic, but the MIT team found that when they implanted adhesive-coated wires in rats, they remained functional for at least three months, with no scar tissue formation.




Mechanical cues

The researchers also tested a hydrogel adhesive that includes chitosan, a naturally occurring polysaccharide, and found that this adhesive also eliminated fibrosis in animal studies. However, two commercially available tissue adhesives that they tested did not show this antifibrotic effect because the commercially available adhesives eventually detached from the tissue and allowed the immune system to attack.

In another experiment, the researchers coated implants in hydrogel adhesives but then soaked them in a solution that removed the polymers' adhesive properties, while keeping their overall chemical structure the same. After being implanted in the body, where they were held in place by sutures, fibrotic scarring occurred. This suggests that there is something about the mechanical interaction between the adhesive and the tissue that prevents the immune system from attacking, the researchers say.

"Previous research in immunology has been focused on chemistry and biochemistry, but mechanics and physics may play equivalent roles, and we should pay attention to those mechanical and physical cues in immunological responses," says Zhao, who now plans to further investigate how those mechanical cues affect the immune system.

Yuk, Zhao, and others have started a company called SanaHeal, which is now working on further developing tissue adhesives for medical applications.

"As a team, we are interested in reporting this to the community and sparking speculation and imagination as to where this can go," Yuk says. "There are so many scenarios in which people want to interface with foreign or manmade material in the body, like implantable devices, drug depots, or cell depots."

The research was funded by the National Institutes of Health and the National Science Foundation.
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Ancient viral DNA in the human genome linked to major psychiatric disorders | ScienceDaily
New research led by King's College London has found that thousands of DNA sequences originating from ancient viral infections are expressed in the brain, with some contributing to susceptibility for psychiatric disorders such as schizophrenia, bipolar disorder, and depression.


						
Published in Nature Communications, the study was part-funded by the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre and the US National Institutes of Health (NIH).

About eight percent of our genome is made up of sequences called Human Endogenous Retroviruses (HERVs), which are products of ancient viral infections that occurred hundreds of thousands of years ago. Until recently, it was assumed that these 'fossil viruses' were simply junk DNA, with no important function in the body. However, due to advances in genomics research, scientists have now discovered where in our DNA these fossil viruses are located, enabling us to better understand when they are expressed and what functions they may have.

This new study builds upon these advances and is the first to show that a set of specific HERVs expressed in the human brain contribute to psychiatric disorder susceptibility, marking a step forward in understanding the complex genetic components that contribute to these conditions.

Dr Timothy Powell, co-senior author on the study and Senior Lecturer at the Institute of Psychiatry, Psychology & Neuroscience (IoPPN), King's College London, said: "This study uses a novel and robust approach to assess how genetic susceptibility for psychiatric disorders imparts its effects on the expression of ancient viral sequences present in the modern human genome. Our results suggest that these viral sequences probably play a more important role in the human brain than originally thought, with specific HERV expression profiles being associated with an increased susceptibility for some psychiatric disorders."

The study analysed data from large genetic studies involving tens of thousands of people, both with and without mental health conditions, as well as information from autopsy brain samples from 800 individuals, to explore how DNA variations linked to psychiatric disorders affect the expression of HERVs.

Although most genetic risk variants linked to psychiatric diagnoses impacted genes with well-known biological functions, the researchers found that some genetic risk variants preferentially affected the expression of HERVs. The researchers reported five robust HERV expression signatures associated with psychiatric disorders, including two HERVs that are associated with risk for schizophrenia, one associated with risk for both bipolar disorder and schizophrenia, and one associated with risk for depression.

Dr Rodrigo Duarte, first author and Research Fellow at the IoPPN, King's College London, said: "We know that psychiatric disorders have a substantial genetic component, with many parts of the genome incrementally contributing to susceptibility. In our study, we were able to investigate parts of the genome corresponding to HERVs, which led to the identification of five sequences that are relevant to psychiatric disorders. Whilst it is not clear yet how these HERVs affect brain cells to confer this increase in risk, our findings suggest that their expression regulation is important for brain function."

Dr Douglas Nixon, co-senior author on the study and and researcher at the Feinstein Institutes for Medical Research at Northwell Health, in the US, said: "Further research is needed to understand the exact function of most HERVs, including those identified in our study. We think that a better understanding of these ancient viruses, and the known genes implicated in psychiatric disorders, have the potential to revolutionise mental health research and lead to novel ways to treat or diagnose these conditions."
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Signatures of heart attack | ScienceDaily
Improving the outcome of patients after a heart attack is one of the major challenges of cardiology. This includes a comprehensive understanding of the pathophysiology and early detection of those patients who have a high risk of an unfavorable outcome. Researchers at LMU University Hospital, Helmholtz Munich and other institutions have now used high-tech biomedical and bioinformatics methods to comprehensively map the immune response to myocardial infarction in humans and identify signatures that correlate with the clinical course of the disease. The results of this groundbreaking work were published in the scientific journal Nature Medicine.


						
In Germany alone, around 300,000 people suffer a heart attack every year. The treatment of patients has significantly improved throughout the recent decades. Nevertheless, many of those affected develop heart failure after the event because the heart muscle does not recover.

According to findings from animal studies, the inflammatory reaction plays an important role after an infarction and has a decisive influence on whether the functions of the heart muscle are restored. "A misdirected or excessive immune response can jeopardize the recovery of the heart function," says Dr. Kami Pekayvaz, lead author of the new study and clinician scientist at Department of Medicine I at LMU University Hospital, LMU Munich.

A team led by him, Viktoria Knottenberg, PD Dr. Leo Nicolai and Prof. Konstantin Stark from the Medical Clinic I of the LMU Hospital Munich and Corinna Losert and Dr. Matthias Heinig from Helmholtz Munich has analyzed for the first time how the immune system reacts to a heart attack in humans. The researchers examined the blood samples of heart attack patients who were treated at the LMU Hospital and showed different clinical outcomes.

Atlas of immune responses

The immune cells in the blood were analyzed cell by cell with regard to their RNA expression profile. RNA is produced when cells translate the information of their genes into proteins -- a so-called transcriptome analysis can reveal the current state and characteristics of a cell. In addition, the blood plasma was examined for various substances using protein analyses, which provide details on the inflammatory and other processes. These analyses are among the most modern possible methods, so-called multi-omics methods.

A specific bioinformatics technique (MOFA, for Multi-Omics Factor Analysis) recognized overarching patterns in the mass of data obtained. "This method is ideal for identifying and summarizing many smaller effects that are coordinated in the same direction," says Dr. Matthias Heinig, head of a bioinformatics working group at Helmholtz Munich. This made it possible to create an atlas of immune responses after a heart attack. "These patterns can explain differences between the clinical and temporal courses of the patients," says Prof. Konstantin Stark, Senior Consultant in Cardiology at the LMU Hospital. This means that certain of these "immune signatures" are associated with a better recovery of heart function, others with a worse one.

This atlas of the immune response in myocardial infarction is highly relevant for further basic cardiovascular research and potentially indicates that multi-omics analyses of blood samples could be used to predict the clinical course of a heart attack patient. However, the concept of MOFA-based diagnostics in cardiovascular diseases must be tested in further studies -- and this is what the Munich researchers intend to do in the coming years.
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Milk from before antibiotic era were resistant to antibiotic tetracycline | ScienceDaily
Sometime in the 1940s or so, someone in what is now the Department of Pathobiology and Veterinary Science got a lyophilizer, a piece of equipment that freeze-dries samples, says Director of the Connecticut Veterinary Medical Diagnostic Laboratory (CVMDL) Dr. Guillermo Risatti. Risatti explains that at that time, the microbiology lab was very active in testing milk for the dairy farms in the region. With an exciting new piece of equipment, it seems they started lyophilizing hundreds of samples.


						
The samples have been in storage ever since. Beyond the scant details that these are milk samples containing Streptococcus bacteria from the 1940s, Risatti explains that he and his colleagues -- CVMDL Research Associate Dr. Zeinab Helal, Ji-Yeon Hyeon (now at College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea), and Dong-Hun Lee (also now at College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea) -- were interested in exploring their microbial history.

Risatti says that over the years, the data was lost, so researchers don't have precise details of the provenance of the samples. But knowing a bit of history about the department, they can deduce some information.

"We believe that most of them came from Connecticut or perhaps from cases from the region, but we cannot say which parts," Risatti says. "Most likely, this lab provided a testing service to locals, as this was mainly a pathology lab. Now it's more like a diagnostic lab, and we receive samples from all over the region, including New York and New Jersey."

Learning about what these historical samples hold could help with research in unexpected ways, but the first step is piecing together the lost details. To do this, Risatti explains that the team established a workflow using standard techniques to streamline processes to analyze the visual characteristics, called phenotype, and to analyze their genotype with genomic sequencing.

Different species of Streptococcus use different strategies to inflict disease in the organisms they infect. These virulence factors are used to differentiate one species of Streptococcus from another and are one way to distinguish samples through phenotypic analysis. Another phenotypic analysis includes testing bacteria for their susceptibility to antibiotics.

The researchers started with 50 samples collected from 1941 to 1947, and they found that the samples contained seven different Streptococcus species, including two subspecies of S. dysgalactiae. Interestingly, the researchers found some of the samples were resistant to the antibiotic tetracycline and did not carry antibiotic resistance genes typically seen in today's antibiotic-resistant bacterial strains. Since these samples were collected prior to the antibiotic era, the results add to a growing body of literature showing that antibiotic resistance occurred naturally before humans discovered and began to use antibiotics.




"Antibiotic resistance is a very big area of research, and it has been for many years," says Risatti. "We did not go any further with our analysis because we don't have the tools here, but we hope to bring this information to the public. I think it could be the jumpstart for somebody to study further."

Risatti explains the hope is to partner with large agencies like the CDC and the Department of Public Health to help bolster antibiotic resistance research.

In developing the workflow, Risatti also praised the work of students Jillian Baron '24 (CAHNR) and Patricia Arceta '24 (CAHNR):

"This is a good platform for undergraduate students to gain experience and publish their findings. I am surprised by how eager these young people are. I am glad we can provide the space to do these things."

With an eye toward the future, Risatti is excited about potential future collaborations: "I hope that people can see a link between what we do at CVMDL and human health."
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Naturally occurring substance in pomegranates can improve treatment of Alzheimer's disease | ScienceDaily
A substance naturally occurring in i.a. pomegranates, strawberries and walnuts can improve memory and treatment of Alzheimer's disease, a new study conducted at the University of Copenhagen concludes.


						
Forgetfulness, difficulty finding words and confusion about time and place. These are some of the most common symptoms of Alzheimer's disease.

Now researchers at the University of Copenhagen have discovered that an ordinary fruit can help.

"Our study on mouse models with AD shows that urolithin A, which is a naturally occurring substance in i.a. pomegranates, can alleviate memory problems and other consequences of dementia," says Vilhelm Bohr, who is Affiliate Professor at the Department of Cellular and Molecular Medicine at the University of Copenhagen and prevoiusly Department Chair at the US National Institute on Aging.

This is good news for patients with dementia -- a disease that is difficult to treat.

"Even though the study was conducted on mouse models, the prospects are positive. So far, research has shown promising results for the substance in the muscles, and clinical trials on humans are being planned."

Substance improves brain function

The researchers previously discovered that a specific molecule, nicotinamide riboside (NAD supplement), plays a key role in neurodegenerative diseases such as Alzheimer's and Parkinson's, as it actively helps remove damaged mitochondria from the brain.




"Many patients with neurodegenerative diseases experience mitochondrial dysfunction, also known as mitophagy. This means that the brain has difficulties removing weak mitochondria, which thus accumulate and affect brain function. If you are able to stimulate the mitophagy process, removing weak mitochondria, you will see some very positive results," Vilhelm Bohr explains.

The results of the new study show that a substance found in pomegranates, urolithin A, removes weak mitochondria from the brain just as effectively as NAD supplement.

Possible preventive effect 

The researchers still don't know how much urolithin A is needed to improve memory and alleviate symptoms of i.a. Alzheimer's.

"We still cannot say anything conclusive about the dosage. But I imagine that it is more than a pomegranate a day. However, the substance is already available in pill form, and we are currently trying to find the right dosage," Vilhelm Bohr says.

He also hopes the substance can be used for preventive purposes with no significant side effects.

"The advantage of working with a natural substance is the reduced risk of side effects. Several studies so far show that there are no serious side effects of NAD supplementation. Our knowledge of urolithin A is more limited, but as I mentioned, clinical trials with Urolithin A have been effective in muscular disease, and now we need to look at Alzheimers disease. ," he says and adds:

"If we are going to eat something in the future to reduce the risk of Alzheimer's, which we talk a lot about, we have to make sure there are no significant side effects."
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New tool may help prioritize high-risk infants for RSV immunization | ScienceDaily
On the heels of a shortage of nirsevimab for infant respiratory syncytial virus (RSV) lower respiratory tract infection (LRTI) prevention, a new tool may help identify newborns at highest risk for developing serious RSV LRTI, according to research published at the ATS 2024 International Conference.


						
"Timely identification of infants at highest risk of RSV-related morbidity is key to prevention," said lead author Brittney M. Snyder, PhD, assistant professor, Division of Allergy, Pulmonary and Critical Care Medicine, Vanderbilt University Medical Center. "Our personalized risk prediction tool may have applications in allocating expensive and/or limited immunoprophylaxis (immunization with nirsevimab or palivizumab) to achieve the greatest benefit and in promoting RSV prevention among families with high-risk infants."

More than half of RSV LRTIs are among healthy, term infants who are generally considered low risk. These infants are, in fact, at risk for requiring intensive care unit -level care, and some may die from their illness. Early immunization with nirsevimab is recommended for all infants by the Centers for Disease Control & Prevention, yet in October 2023 nirsevimab was in short supply and the CDC recommended giving it only to high-risk infants who weren't eligible for immunization with palivizumab.Both products, which prevent RSV LRTI in newborns and young children, are monoclonal antibodies (nirsevimab is long-acting and only requires one dose, while palivizumab is short-acting and requires monthly injections during RSV season).

In the population-based study by Dr. Snyder and colleagues including children insured by the Tennessee Medicaid Program, the researchers assessed infants who did not receive RSV immunoprophylaxis in the first year of life. They gathered demographic and clinical data from administrative health care encounters and linked birth certificates. "To predict whether these infants developed severe RSV LRTI requiring ICU admission during the first year of life, we developed a multivariable logistic regression model. The model includes demographic and clinical variables collected at or shortly after birth-19 variables in all, such as prenatal smoking, delivery method, maternal age and assisted breathing (ventilation) during birth hospitalization," said lead biostatistician Tebeb Gebretsadik, MPH, Department of Biostatistics, Vanderbilt University Medical Center.

Among 429,365 infants in the study, 713 had severe RSV LRTI requiring ICU admission. The tool had good predictive accuracy and internal validation that indicated a good fit.

"Our objective was to develop a personalized tool for use in all newborns using readily available birth and postnatal data to predict risk of RSV LRTI requiring ICU admission, useful for prioritizing RSV prevention products with limited availability," said Principal Investigator Tina V. Hartert, MD, MPH, professor of medicine and pediatrics at Vanderbilt University Medical Center. Even though the recent nirsevimab shortage has, fortunately, eased up, it is not known whether shortages will occur in the future. "This tool may be particularly helpful in prioritizing which infants should be immunized during times of limited availability of RSV prevention medicines. Using the tool to identify if their infant is at high risk for RSV infection requiring ICU care may also persuade vaccine-hesitant families to accept RSV immunoprophylaxis, by showing them their newborn is at high risk," she added.

"To ensure compatibility with nirsevimab and maternal vaccination, our tool was developed for use in all infants," concluded co-author Niek Achten, MD, postdoctoral fellow in pediatrics, Erasmus University Medical Center, Rotterdam, Netherlands, who imagined the need for such a tool. "In addition to use in the United States during times of limited availability, our tool may prove useful in countries with budgetary constraints needing to prioritize administration to the highest risk infants."

The authors note that next steps to ensure optimal usefulness include validation of the tool in external populations, further cost-effectiveness analyses and decision curve analyses.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240521204336.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Body lice may be bigger plague spreaders than previously thought | ScienceDaily
A new laboratory study suggests that human body lice are more efficient at transmitting Yersinia pestis, the bacterium that causes plague, than previously thought, supporting the possibility that they may have contributed to past pandemics. David Bland and colleagues at the United States' National Institute of Allergy and Infectious Diseases present these findings in the open-access journal PLOS Biology on May 21.


						
Y. pestis has been the culprit behind numerous pandemics, including the Black Death of the Middle Ages that killed millions of people in Europe. It naturally cycles between rodents and fleas, and fleas sometimes infect humans through bites; thus, fleas and rats are thought to be the primary drivers of plague pandemics. Body lice -- which feed on human blood -- can also carry Y. pestis, but are widely considered to be too inefficient at spreading it to contribute substantially to outbreaks. However, the few studies that have addressed lice transmission efficiency have disagreed considerably.

To help clarify the potential role of body lice in plague transmission, Bland and colleagues conducted a series of laboratory experiments in which body lice fed on blood samples containing Y. pestis. These experiments involved the use of membrane feeders, which simulate warm human skin, enabling scientists to study transmission potential in a laboratory setting.

They found that the body lice became infected with Y. pestis and were capable of routinely transmitting it after feeding on blood containing levels of the pathogen similar to those found in actual human plague cases.

They also found that Y. pestis can infect a pair of salivary glands found in body lice known as the Pawlowsky glands, and lice with infected Pawlowsky glands transmitted the pathogen more consistently than lice whose infection was limited to their digestive tract. It is thought that Pawlowsky glands secrete lubricant onto the lice's mouthparts, leading the researchers to hypothesize that, in infected lice, such secretions may contaminate mouthparts with Y. pestis, which may then spread to humans when bitten.

These findings suggest that body lice may be more efficient spreaders of Y. pestis than previously thought, and they could have played a role in past plague outbreaks.

The authors add, "We have found that human body lice are better at transmitting Yersinia pestis than once appreciated and achieve this in more than one way. We describe a new bite-based mechanism in which a set of accessory salivary glands unique to lice, termed the Pawlowsky glands, become infected with Y. pestis and secrete lubricant containing plague bacilli onto the insect's mouthparts prior to blood feeding."
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Scientists create tailored drug for aggressive breast cancer | ScienceDaily
Scientists have used breast cancer cells' weakness against themselves by linking a tumour-selective antibody with a cell-killing drug to destroy hard-to-treat tumours.


						
The research, published today in Clinical Cancer Research by a team from King's College London and funded by Breast Cancer Now, marks a new method in cancer treatment.

The discovery is particular to triple negative breast cancer, which makes up 15% of all diagnosed breast cancer. This type of breast cancer is typically aggressive, resistant to chemotherapy, has a lower survival rate and is more common in women under 40.

Usual treatment involves surgery, chemotherapy and radiotherapy, however this type of cancer can evade the drugs and return to spread again.

The scientists conducted data analysis using over 6000 breast cancer samples to investigate the properties of breast cancer cells that are associated with aggressive and chemotherapy-resistant cancers.

They studied the cancer's biology, what is expressed in the tumour and the cell surface, and the cell's insides to understand how the cancer cells escape from cancer drugs. They established the presence of the cancer cell surface marker EGFR along with oncogenic molecules cyclin-dependent kinases (CDK), which are responsible for cell division and proliferation.

They used this knowledge against the cancer cells to link cetuximab, a tumour-selective antibody that targets the EGFR protein expressed in this type of cancer, with a CDK-blocking drug to create a tailored drug for breast cancer. Because the antibody drug conjugate specifically targets the cancer cell, it may be possible to administer a lower inhibitor dose than usual which means it's less toxic for the patient.




Lead author Professor Sophia Karagiannis, from King's College London, said: "We were on the hunt for cancer's vulnerabilities and now we've found out how we can guide our therapies to one of these. We combined these two drugs to create a tailored antibody drug conjugate for patients with this aggressive cancer. The antibody guides the toxic drug directly to the cancer cell which offers the possibility for a lower dose and less adverse side effects to be experienced.

"More work needs to be done before this therapy can reach the clinic, but we expect that this can offer new treatment options for cancers with unfavourable prognosis. Beyond this antibody drug conjugate, we hope that our concept will lead the way for new antibody drug conjugates of this type to be tailored to patient groups likely to benefit."

Lead research scientist Dr Anthony Cheung from King's College London said: ''Triple negative breast cancer represents a molecularly and clinically diverse disease. By exploiting EGFR overexpression and dysregulated cell cycle molecules in selected patient groups, the antibody drug conjugate, but not the antibody alone, could stop the cancer cell from dividing and engender cytotoxic functions specifically against the cancer cells.''

Dr Simon Vincent, director of services, support and influencing at Breast Cancer Now, which funded this research, said: "Each year, around 8,000 women in the UK are diagnosed with triple negative breast cancer, which is typically more aggressive than other breast cancers and more likely to return or spread following treatment.

"This exciting research has not only improved our understanding of the properties of aggressive breast cancer cells that are resistant to chemotherapy but has also brought us closer to developing a targeted therapy that destroys these cancer cells while minimising side effects for patients.

"While further research is needed before this treatment can be used in people, this is an exciting step forward in developing targeted therapies for triple negative breast cancer, and we look forward to seeing how these findings could lead to new and effective ways of tackling this devastating disease."
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Drug-like inhibitor shows promise in preventing flu | ScienceDaily
Currently available flu medications only target the virus after it has already established an infection, but what if a drug could prevent infection in the first place? Now, scientists at Scripps Research and the Albert Einstein College of Medicine have designed drug-like molecules to do just that, by thwarting the first stage of influenza infection.


						
The drug-like inhibitors block the virus from entering the body's respiratory cells -- specifically, they target hemagglutinin, a protein on the surface of type A influenza viruses. The findings, published in the Proceedings of the National Academy of Sciences on May 16, 2024, represent an important step forward in developing a drug that can prevent influenza infection.

"We're trying to target the very first stage of influenza infection since it would be better to prevent infection in the first place, but these molecules could also be used to inhibit the spread of the virus after one's infected," says corresponding author Ian Wilson, DPhil, the Hansen Professor of Structural Biology at Scripps Research.

The inhibitors will need to be further optimized and tested before they can be assessed as antivirals in humans, but the researchers say that these molecules ultimately have the potential to help prevent and treat seasonal flu infections. And, unlike vaccines, the inhibitors likely wouldn't need to be updated yearly.

The researchers had previously identified a small molecule, F0045(S), with a limited capacity to bind and inhibit H1N1 type A influenza viruses.

"We began by developing a high-throughput hemagglutinin binding assay that allowed us to rapidly screen large libraries of small molecules and found the lead compound F0045(S) with this process," says corresponding author Dennis Wolan, PhD, senior principal scientist at Genentech and former associate professor at Scripps Research.

In this study, the team aimed to optimize F0045(S)'s chemical structure to design molecules with better drug-like properties and more specific binding ability to the virus. To start, the Wolan lab used "SuFEx click-chemistry," which was first developed by two-time Nobel laureate and co-author K. Barry Sharpless, PhD, to generate a large library of candidate molecules with various tweaks to F0045(S)'s original structure. When they screened this library, the researchers identified two molecules -- 4(R) and 6(R) -- with superior binding affinity compared to F0045(S).




Next, Wilson's lab produced X-ray crystal structures of 4(R) and 6(R) bound to the flu hemagglutinin protein so that they could identify the molecules' binding sites, determine the mechanisms behind their superior binding ability, and identify areas for improvement.

"We showed that these inhibitors bind much more tightly to the viral antigen hemagglutinin than the original lead molecule did," says Wilson. "By using click-chemistry, we basically extended the compounds' ability to interact with influenza by making them target additional pockets on the antigen surface."

When the researchers tested 4(R) and 6(R) in cell culture to verify their antiviral properties and safety, they found 6(R) was non-toxic and had more than 200-times improved cellular antiviral potency compared to F0045(S).

Finally, the researchers used a targeted approach to further optimize 6(R) and develop compound 7, which proved to have even better antiviral ability.

"This is the most potent small-molecule hemagglutinin inhibitor developed to date," says corresponding author Seiya Kitamura, who worked on the project as a postdoctoral fellow at Scripps Research and is now an assistant professor at the Albert Einstein College of Medicine.

In future studies, the team plans to continue to optimize compound 7 and to test the inhibitor in animal models of influenza.

"In terms of potency, it will be hard to improve the molecule any further, but there are many other properties to consider and optimize, for example, pharmacokinetics, metabolism and aqueous solubility," says Kitamura.

Because the inhibitors developed in this study only target H1N1 strains of influenza, researchers are also working to develop equivalent drug-like inhibitors to target other strains of influenza such as H3N2 and H5N1.

 This work was supported by the NIH, the Nathan Shock Institute of Aging Research, and Einstein-Montefiore.
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PFAS exposure in men linked to the health of their offspring | ScienceDaily
Wayne State University researchers are reporting new findings that demonstrate a link between exposure to per- and polyfluorinated alkyl substances (PFAS) in males and health issues in their offspring.


						
The study, "Mixtures of per- and polyfluoroalkyl substances (PFAS) alter sperm methylation and long-term reprogramming of offspring liver and fat transcriptome," published recently in Environment International, assessed the effect of PFAS mixtures on the sperm methylome and transcriptional changes in offspring metabolic tissues such as in the liver and fat.

"PFAS research is important, especially in Michigan," said Michael C. Petriello, Ph.D., assistant professor in the Institute of Environmental Health Sciences and the Department of Pharmacology. "It has been recently in the news, since the EPA is finally starting to regulate PFAS chemicals and include them as part of the Clean Water Act. All over the country, communities will have standards they will have to meet. PFAS are associated with many chronic diseases and can impact inflammation and the immune system, for instance. This work is focused on reproductive outcomes, fertility and offspring metabolism. The idea that exposure of the father could affect the health of offspring is entirely new."

"Dr. Petriello's prior work has shown that PFAS exposure has effects on cardio-metabolic health," said J. Richard Pilsner, Ph.D., M.P.H., professor of obstetrics and gynecology, associate director of the C.S. Mott Center for Human Growth and Development and the Robert J. Sokol, M.D. Endowed Chair of Molecular Obstetrics and Gynecology. "What my research has done is examine paternal exposures and how they may affect the next generation through sperm-related markers. The burden has always been on maternal health during pregnancy in regard to the health of offspring. This research shows that environmental health prior to conception also is a key factor that affects offspring health and development."

The team's results demonstrate that exposure to a mixture of legacy and newly emerging PFAS chemicals in adult male mice result in aberrant sperm methylation and altered gene expression of offspring liver and fat in a sex-specific manner. These data indicate that preconception PFAS exposure in males can be transmitted to affect phenotype in the next generation.

"I hope these findings promote an appreciation of male health on their offspring's development," said Pilsner. "In addition to female partners, clinical doctors advising male partners that their pre-conception health impacts their children's health would be a significant change to positively impact future generations."

"This cutting-edge research may have a significant impact on how individuals look at harmful chemicals in their communities, and ultimately how medical professionals advise their patients," said Ezemenari M. Obasi, Ph.D., vice president for research at Wayne State University. "Our researchers are playing a crucial role in investigating new methods to improve the well-being of people locally, nationally and beyond, and are an excellent example of how Wayne State is empowering health in our neighborhoods, as well as fueling innovation with creative solutions to benefit the public."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240521124717.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Ruptured Achilles tendon shows faster repair amid plasma irradiation treatment | ScienceDaily
What is the largest ligament in the human body? It might surprise some people that it is the Achilles tendon. Even though it is also considered the toughest ligament, the Achilles tendon can rupture, with many such injuries involving sports enthusiasts in their 30s or 40s. Surgery might be required, and a prolonged period of rest, immobilization, and treatment can be difficult to endure.


						
Seeking to shorten the recovery time, a research team led by Osaka Metropolitan University Graduate School of Medicine's Katsumasa Nakazawa, a graduate student in the Department of Orthopedic Surgery, Associate Professor Hiromitsu Toyoda, and Professor Hiroaki Nakamura, and Graduate School of Engineering Professor Jun-Seok Oh has focused on non-thermal atmospheric-pressure plasma as a treatment method.

This study is the first to show that such plasma irradiation can accelerate tendon repair. The team ruptured then sutured the Achilles tendon of lab rats. For one group of rats, the sutured area was irradiated with a helium plasma jet. The plasma-irradiated group exhibited faster tendon regeneration and increased strength at two, four, and six weeks after surgery compared to the untreated group.

"We have previously discovered that irradiation of non-thermal atmospheric-pressure plasma has the effect of promoting bone regeneration. In this study, we discovered that the technology also promotes tendon regeneration and healing, showing that it has applications for a wide range of fields," Professor Toyoda declared. "Combined with current tendon treatments, it is expected to contribute to more reliable tendon regeneration and shorter treatment time."
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How immune cells recognize the abnormal metabolism of cancer cells | ScienceDaily
When cells become tumor cells, their metabolism changes fundamentally. Researchers at the University of Basel and the University Hospital Basel have now demonstrated that this change leaves traces that could provide targets for cancer immunotherapies.


						
Cancer cells function in turbo mode: Their metabolism is programmed for rapid proliferation, whereby their genetic material is also constantly copied and translated into proteins. As researchers led by Professor Gennaro De Libero from the University of Basel and the University Hospital Basel now report, this turbo metabolism leaves traces on the surface of tumor cells that can be read by specific immune cells. The research team's findings have been published in the journal Science Immunology.

The immunologists working with De Libero discovered the immune cells in question, known as MR1T cells, around ten years ago. This previously unknown type of T cell can attack and eliminate tumor cells. Since then, the team has been researching these cells as a potential tool for novel immunotherapies against a variety of different types of cancer.

Modified DNA and RNA building blocks

The team has now been able to decipher exactly how the T cells recognize the degenerated cells: The altered metabolism of the cancer cells produces a certain type of molecule that appears on the surface of these degenerated cells. "These molecules are chemically modified DNA and RNA building blocks that are the result of changes in three important metabolic pathways," explains De Libero.

"The fact that cancer cells have a profoundly altered metabolism makes them recognizable to MR1T cells," adds Dr. Lucia Mori, who was involved in the research. In previous work, the researchers had already discovered that these T cells recognize a surface protein found on all cells, known as MR1. It acts as the proverbial silver platter and presents metabolic products from inside the cell on the cell surface so that the immune system can then check to see whether the cell is healthy or not.

"Several metabolic pathways are altered in cancer cells. This produces particularly suspicious metabolic products and thus alert the MR1T cells," explains Dr. Alessandro Vacchini, the study's first author.

As a next step, the researchers intend to examine in more detail just how these telltale metabolites interact with the MR1T cells. The long-term vision: Within the framework of future therapies, a patient's T cells could be reprogrammed and optimized to recognize and attack these cancer-typical molecules.
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Exercise bouts could improve efficacy of cancer drug | ScienceDaily
Bouts of moderate-to-vigorous intensity exercise could improve the efficacy of antibody therapies used to treat chronic lymphocytic leukaemia, new research has shown.


						
Researchers at the Universities of Birmingham and Bath found that a bout of exercise increased the number of anti-cancer immune cells -- called natural killer cells -- and that these cells were around twice as effective at killing cancer cells in 'ex vivo' tests carried out on blood samples from patients.

In addition, the researchers found that the number of cancer cells present in blood samples transiently increased immediately after exercise -- making them more susceptible to attack by natural killer cells and the antibody therapy.

The research, funded by Cancer Research UK, could hold promise for antibody therapy treatment for some forms of cancer, although more work is needed to determine the 'in vivo' effects in patients undergoing treatment.

Dr James Turner, a co-author on the study at the University of Birmingham, said: "These findings show a potential benefit to patients undergoing a very particular type of treatment and could open up new avenues of research to determine whether exercise can improve the way other cancer treatments work."

In the study, published in Brain Behaviour and Immunity, the researchers wanted to test the effects of exercise on an antibody therapy called Rituximab. It is a common treatment for chronic lymphocytic leukaemia, which is a cancer of white blood cells, and is the second most common adult blood cancer in the UK. The therapy works by attaching itself to a specific protein on the surface of cancer cells, which natural killer cells are able to recognise and attack.

The researchers worked with 20 people between the ages of 45 and 82 who were diagnosed with chronic lymphocytic leukaemia but had not yet begun treatment. Participants were asked to do a 30 minute bout of moderate-to-vigorous intensity cycling. Blood samples were taken before and immediately after the exercise bout, and then a third sample was taken an hour later.




In the blood samples, under 'ex vivo' conditions, the researchers measured the number of natural killer cells present at each of the sample points and tested their ability to kill cancer cells with and without Rituximab present.

They found the number of natural killer cells increased by 254% after exercise and that in the blood samples taken after exercise, there were 67% more cancer cells compared to blood before exercise.

Next, the team isolated natural killer cells and put them in close contact with cancer cells for 2 hours 'ex vivo' with and without the antibody therapy Rituximab. When Rituximab was also present in the blood sample, natural killer cells were just over twice as effective in killing the cancer cells in the samples collected immediately after exercise compared to before.

Dr John Campbell, senior author of the study at the University of Bath said: "Cancer cells often try to 'hide' in the body but it seems that exercise works to move them out into the bloodstream, where they are vulnerable to the antibody therapy and the killing capabilities of natural killer cells."

The results of the study could also have potential for patients who have finished their treatment for leukaemia and are in a monitoring phase in case cancer cells re-appear.

Dr Harrison Collier-Bain, first author of the study at the University Bath said: "Monitoring patients after treatment is complicated because if cancer cells remain or reappear, they are sometimes too low to detect, but a bout of exercise followed by a blood sample immediately afterwards could help to 'find' them if they are 'hiding' in the body."

While these results are promising, larger-scale trials would needed in a cohort of patients undergoing Rituximab treatment before treatment recommendations could be made.




Caroline Geraghty, Senior Specialist Information Nurse at Cancer Research UK, said:

"This study adds to a growing body of evidence showing that exercise can be helpful before, during and after cancer treatment. We know that being physically active before and after treatment can help cancer patients cope better with treatment, aid recovery and improve mental wellbeing. It is interesting to see that exercise could also improve the efficacy of treatment for some types of blood cancer, although more research in a larger group of patients is needed.

"Everyone has different needs and abilities, so it's important that you discuss with your doctor what forms of exercise would work best for you. We encourage all cancer patients to seek their doctor's advice before starting a programme of exercise before or after treatment, to make sure that the activities suggested are appropriate for them."
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Extremely rare immune cells predict how well treatments work for recurrent hives | ScienceDaily
A study which examines the common skin condition, chronic spontaneous urticaria (CSU), characterised by recurrent hives, has been recently published by Trinity College Dublin researchers in the journal Allergy. This study is the first of its kind to show a link between rare cell types and treatment response. Professor Niall Conlon, Clinical Professor, School of Medicine and Consultant Immunologist, St James's Hospital and Clinical Lead at Ireland's only UCARE centre for urticaria management led the research team.


						
Chronic spontaneous urticaria (CSU) is a common but underreported disease, where individuals develop recurrent, unpredictable and intensely itchy hives and skin swellings with no obvious trigger. The UCARE centre at St. James's Hospital sees 10-20 new patients with CSU per week. Although CSU shares some symptoms with food allergy, it is not caused by an allergy to food or medicines. Diagnosis of CSU can be late and difficult, due to a lack of awareness about the condition. Furthermore, individuals with this disease can become distressed and experience many frustrations ranging from difficulties at work and interpersonal relationships, to problems with sleep disturbance, low mood, and anxiety.

The study explored a rare form of mast cells called myeloid progenitors in blood, in patients with the condition. The team compared these cells in people with CSU and healthy controls. Treatment response to the anti-IgE therapy omalizumab, was also assessed. Individuals who had a fast response to omalizumab were found to have higher numbers of myeloid progenitors in their blood when compared to people who had a slow (or no) response, to omalizumab.

The study therefore points to the intriguing possibility of using these cell types to predict who might respond to treatment with anti-IgE therapies.

Dr Barry Moran, a scientist at Trinity Biomedical Science Institute (TBSI), Trinity College who contributed to the study said:

'We developed a flow assay to identify this rare cell type. We were excited to find that our findings and clinical correlates were complemented by transcriptomic data'.

David McMahon from the Irish Skin Foundation said:

"CSU refers to hives that come and go, without any particular or obvious trigger, and last for longer than 6 weeks. For some people affected by CSU the quality of life impacts can be profound and far reaching."




CSU is frequently mistaken for an allergic reaction. Specific triggers such as allergic reactions to foods are often sought. Unfortunately, attempts to avoid suspected allergic triggers do not help. This can be frustrating for people who suffer with this condition.

Symptoms for many people with CSU can be completely controlled by regular treatment with antihistamines. Often, these medications need to be used at high doses. Some individuals will not respond to this simple intervention and will need referral to a specialist centre such as the UCARE centre in St. James's Hospital. Individuals who do not respond to high dose antihistamines are considered for the anti-IgE biologic treatment, omalizumab. This treatment is only available in a specialist setting.

Dr Conor Finlay, a scientist from the Trinity Translational Medicine Institute (TTMI) and one of the senior authors of the study, said:

"Mast cells pack a punch, when activated by IgE antibodies they can be said to explode and release inflammatory factors into the skin -- this is what causes itching and hives."

Dr Niall Conlon a senior author on the study and consultant immunologist: said:

"For somepeople, treatment with omalizumab, an injectable drug that steadies mast cells, really works. However, for others this drug is less effective or takes much longer to work. It would really help us to understand better why certain people don't respond as well to omalizumab. Information on how this happens might help us direct our treatments more effectively and make patients better, quicker"

Dr Katie Ridge, the lead author on the study said:




"Mast cells are tricky cells to study. Mature mast cells are not found in the blood. That is why we used a method to study an extremely rare immature form of mast cells in the blood, called mast cell progenitors. Our findings point to potential inflammatory signals in this disease and highlight how chronic urticaria is more than skin deep.

"Our findings have significant implications not only in relation the individuals with urticaria but potentially other allergic diseases whereby we may be able to predict treatment response using exploration of this cell type. "
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Night-time heat significantly increases the risk of stroke | ScienceDaily
In a recent study, researchers from Helmholtz Munich and the Augsburg University Hospital show that nocturnal heat significantly increases the risk of stroke. The findings can contribute to the development of preventive measures: With them, the population can better protect themselves against the risks of climate change with increasingly frequent hot nights. In addition, knowledge of the consequences of hot nights can improve patient care.


						
Climate change is resulting in more and more extreme weather events. These include extremely hot, so-called tropical nights. The research team led by Dr. Alexandra Schneider investigated the effects of night-time heat on the risk of stroke. "We wanted to understand the extent to which high night-time temperatures pose a health risk," says the head of the working group Environmental Risks at Helmholtz Munich. "This is important because climate change is causing night-time temperatures to rise much faster than daytime temperatures."

Data on 11,000 strokes from 15 years

In their study, the researchers analyzed data from Augsburg University Hospital. Its Department of Neurology has collected data on around 11,000 strokes over 15 years. The analysis shows that extreme heat at night increases the risk of stroke by seven percent. "Elderly people and women are particularly at risk, and it is mainly strokes with mild symptoms that are diagnosed in clinics after hot nights," says the study's lead author, Dr. Cheng He: "Our results make it clear that adjustments in urban planning and the healthcare system are extremely important to reduce the risks posed by rising night-time temperatures." This is all the more true as "we were able to show that the risk of stroke associated with high night-time temperatures increased significantly in the period 2013 to 2020 compared to the period 2006 to 2012," as Prof. Michael Ertl, head of the Stroke Unit and the neurovascular working group at Augsburg University Hospital, emphasizes. From 2006 to 2012, hot nights resulted in two additional strokes per year in the study area; from 2013 to 2020, there were 33 additional cases per year.

Recommendations for adaptation strategies and urban planning

The researchers plan to make their findings applicable in practical settings. To this end, they are working on recommendations for public adaptation strategies and urban planning, such as reducing the intensity of urban heat islands. The aim is to better protect the population from the effects of night-time heat. The study will also serve as a basis for further research to develop targeted preventive measures against stroke-promoting factors. "The earlier these preventive measures are implemented, the better," says Alexandra Schneider. The results of the study are also of great importance for hospitals. They will be able to better adapt to the frequency of strokes in the future: If the weather forecast predicts a hot night, it can be expected that more cases will come to the clinics. This allows clinics to provide more staff to care for patients as a precaution, explains Prof. Markus Naumann, Director of the Neurological University Hospital in Augsburg.

Background: What are tropical nights?

"Tropical nights" are defined using the so-called "Hot Night Excess Index" (HNE). It measures how much temperatures rise above a certain threshold value at night. The threshold value is the temperature that is only exceeded on the five percent warmest nights during the entire study period. In this study, this value is 14.6 degC. If temperatures rise above this value at night, this is categorized as a tropical night. The HNE index adds up how many degrees the temperatures are above this threshold during the night hours to determine the intensity of the heat.
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Study models how ketamine's molecular action leads to its effects on the brain | ScienceDaily
A World Health Organization Essential Medicine, ketamine is widely used at varying doses for sedation, pain control, general anesthesia and as a therapy for treatment-resistant depression. While scientists know its target in brain cells and have observed how it affects brain-wide activity, they haven't known entirely how the two are connected. A new study by a research team spanning four Boston-area institutions uses computational modeling of previously unappreciated physiological details to fill that gap and offer new insights into how ketamine works.


						
"This modeling work has helped decipher likely mechanisms through which ketamine produces altered arousal states as well as its therapeutic benefits for treating depression," co-senior author Emery N. Brown, Edward Hood Taplin Professor of Computational Neuroscience and Medical Engineering at The Picower Institute for Learning and Memory at MIT, as well as an anesthesiologist at MGH and a Professor at Harvard Medical School.

The researchers from MIT, Boston University, Massachusetts General Hospital and Harvard University said the predictions of their model, published May 20 in Proceedings of the National Academy of Sciences, could help physicians make better use of the drug.

"When physicians understand what's mechanistically happening when they administer a drug, they can possibly leverage that mechanism and manipulate it," said study lead author Elie Adam, a Research Scientist at MIT who will soon join the Harvard Medical School faculty and launch a lab at MGH. "They gain a sense of how to enhance the good effects of the drug and how to mitigate the bad ones."

Blocking the door

The core advance of the study involved biophysically modeling what happens when ketamine blocks the "NMDA" receptors in the brain's cortex -- the outer layer where key functions such as sensory processing and cognition take place. Blocking the NMDA receptors modulates the release of excitatory neurotransmitter glutamate.

When the neuronal channels (or doorways) regulated by the NMDA receptors open, they typically close slowly (like a doorway with a hydraulic closer that keeps it from slamming), allowing ions to go in and out of neurons, thereby regulating their electrical properties, Adam said. But, the channels of the receptor can be blocked by a molecule. Blocking by magnesium helps to naturally regulate ion flow. Ketamine, however, is an especially effective blocker.




Blocking slows the voltage build-up across the neuron's membrane that eventually leads a neuron to "spike," or send an electrochemical message to other neurons. The NMDA doorway becomes unblocked when the voltage gets high. This interdependence between voltage, spiking and blocking can equip NMDA receptors with faster activity than its slow closing speed might suggest. The team's model goes further than ones before by representing how ketamine's blocking and unblocking affect neural activity.

"Physiological details that are usually ignored can sometimes be central to understanding cognitive phenomena," said co-corresponding author Nancy Kopell, a professor of math at BU. "The dynamics of NMDA receptors have more impact on network dynamics than has previously been appreciated."

With their model, the scientists simulated how different doses of ketamine affecting NMDA receptors would alter the activity of a model brain network. The simulated network included key neuron types found in the cortex: one excitatory type and two inhibitory types. It distinguishes between "tonic" interneurons that tamp down network activity and "phasic" interneurons that react more to excitatory neurons.

The team's simulations successfully recapitulated the real brain waves that have been measured via EEG electrodes on the scalp of a human volunteer who received various ketamine doses and the neural spiking that has been measured in similarly treated animals that had implanted electrode arrays. At low doses, ketamine increased brain wave power in the fast gamma frequency range (30-40 Hz). At the higher doses that cause unconsciousness, those gamma waves became periodically interrupted by "down" states where only very slow frequency delta waves occur. This repeated disruption of the higher frequency waves is what can disrupt communication across the cortex enough to disrupt consciousness.

But how? Key findings

Importantly, through simulations, they explained several key mechanisms in the network that would produce exactly these dynamics.




The first prediction is that ketamine can disinhibit network activity by shutting down certain inhibitory interneurons. The modeling shows that natural blocking and unblocking kinetics of NMDA-receptors can let in a small current when neurons are not spiking. Many neurons in the network that are at the right level of excitation would rely on this current to spontaneously spike. But when ketamine impairs the kinetics of the NMDA receptors, it quenches that current, leaving these neurons suppressed. In the model, while ketamine equally impairs all neurons, it is the tonic inhibitory neurons that get shut down because they happen to be at that level of excitation. This releases other neurons, excitatory or inhibitory from their inhibition allowing them to spike vigorously and leading to ketamine's excited brain state. The network's increased excitation can then enable quick unblocking (and reblocking) of the neurons' NMDA receptors, causing bursts of spiking.

Another prediction is that these bursts become synchronized into the gamma frequency waves seen with ketamine. How? The team found that the phasic inhibitory interneurons become stimulated by lots of input of the neurotransmitter glutamate from the excitatory neurons and vigorously spike, or fire. When they do, they send an inhibitory signal of the neurotransmitter GABA to the excitatory neurons that squelches the excitatory firing, almost like a kindergarten teacher calming down a whole classroom of excited children. That stop signal, which reaches all the excitatory neurons simultaneously, only lasts so long, ends up synchronizing their activity, producing a coordinated gamma brain wave.

"The finding that an individual synaptic receptor (NMDA) can produce gamma oscillations and that these gamma oscillations can influence network-level gamma was unexpected," said co-corresponding author Michelle McCarthy, a research assistant professor of math at BU. "This was found only by using a detailed physiological model of the NMDA receptor. This level of physiological detail revealed a gamma time scale not usually associated with an NMDA receptor."

So what about the periodic down states that emerge at higher, unconsciousness-inducing ketamine doses? In the simulation, the gamma-frequency activity of the excitatory neurons can't be sustained for too long by the impaired NMDA-receptor kinetics. The excitatory neurons essentially become exhausted under GABA inhibition from the phasic interneurons. That produces the down state. But then, after they have stopped sending glutamate to the phasic interneurons, those cells stop producing their inhibitory GABA signals. That enables the excitatory neurons to recover, starting a cycle anew.

Antidepressant connection?

The model makes another prediction that might help explain how ketamine exerts its antidepressant effects. It suggests that the increased gamma activity of ketamine could entrain gamma activity among neurons expressing a peptide called VIP. This peptide has been found to have health promoting effects, such as reducing inflammation, that last much longer than ketamine's effects on NMDA receptors. The research team proposes that the entrainment of these neurons under ketamine could increase the release of the beneficial peptide, as observed when these cells are stimulated in experiments. This also hints at therapeutic features of ketamine that may go beyond anti-depressant effects. The research team acknowledges, however, that this connection is speculative and awaits specific experimental validation.

"The understanding that the sub cellular details of the NMDA receptor can lead to increased gamma oscillations was the basis for a new theory about how ketamine may work for treating depression," Kopell said.

Additional co-authors of the study are Marek Kowalski, Oluwaseun Akeju, and Earl K. Miller.

The JPB Foundation, The Picower Institute for Learning and Memory, The Simons Center for The Social Brain, the National Institutes of Health, George J. Elbaum (MIT '59, SM '63, PhD '67), Mimi Jensen, Diane B. Greene (MIT, SM '78), Mendel Rosenblum, Bill Swanson, and annual donors to the Anesthesia Initiative Fund supported the research.
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Hope for a cure for visceral leishmaniasis, an often fatal infectious disease | ScienceDaily
A discovery by Simona Stager's team could help come up with a treatment to the most serious form of leishmaniasis.


						
Leishmaniasis is a tropical disease affecting a growing number of people worldwide. Each year, between 700,000 and 1 million new cases are reported. Caused by a protozoan parasite of the genus Leishmania, which is transmitted to humans by the simple bite of a sand fly, leishmaniasis comprises three clinical forms, of which the visceral form is the most serious. If left untreated, visceral leishmaniasis, also known as black fever, is almost always fatal. Most cases occur in Bangladesh, Brazil, Ethiopia, India, Nepal, and Sudan.

Professor Simona Stager of the Institut national de la recherche scientifique (INRS) and her team, in collaboration with other researchers from INRS and McGill University, have observed a surprising immune mechanism linked to chronic visceral leishmaniasis. This discovery could be an important step towards a new therapeutic approach to this disease. The results of their research have been published in the journal Cell Reports.

In many infections, CD4 T cells play a key role in defending the affected organism. Unfortunately, in the case of chronic infections such as leishmaniasis, maintaining the number of functional CD4 cells becomes an important issue, as the immune system is constantly activated to react against the pathogen affecting the infected person.

New immunity soldiers to the rescue

However, the study carried out by Professor Stager in her laboratory at INRS's Armand-Frappier Sante Biotechnologie Research Centre suggests that these cells may have more than one trick up their sleeve to maintain their vitality.

By observing these novel cells, the scientists noticed that they increase in number during the chronic phase of the disease and also that, like progenitor cells, they are capable of self-renewal or differentiation into other effector cells responsible for eliminating the parasite, or regulatory cells that inhibit the host's response.




Professor Simona Stager points out that CD4 T cells normally differentiate into effector cells from "naive" CD4 T cells. But during chronic infections, because of the constant need to generate effector cells, naive CD4 T cells are highly solicited and may become exhausted.

"We believe that in the chronic phase of visceral leishmaniasis, the new population we have identified is responsible for generating effector and regulatory cells. This would allow the host to prevent exhaustion of its existing pool of naive CD4 Tcells for a certain antigen," explains Ph.D. student and first author of the study, Sharada Swaminathan.

The new lymphocyte population discovered by the INRS team could be a decisive immune booster, taking over from over-solicited naive CD4 T cells.

"If we can figure out how to direct this new lymphocyte population to differentiate into a protective effector cell, it could help the host get rid of the Leishmania parasite."

--  Simona Stager, Vice-Director of the Infectiopole and member of Pasteur Network

A cure for other infections?

The study also mentions that cells similar to this new CD4 T lymphocyte population have been observed in mice infected with lymphocytic choriomeningitis virus and in mice carrying the H. polygyrus intestinal worm. So it is quite possible that this population is present in other chronic infections or in other chronic inflammatory environments.

This overlap sets the stage for an even wider scope for the discovery made by Professor Stager's team. "If our hypothesis is correct, these cells could be exploited therapeutically not only for visceral leishmaniasis, but also for other chronic infections," concludes the researcher.
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Lung cancer study offers further evidence on importance of screening | ScienceDaily
Researchers from the University of Liverpool and Queen Mary University of London have published the first study in the UK to demonstrate the benefits of lung cancer screening across socioeconomic groups. Evidence in the new study illustrates the value and importance of screening, especially for those who live in areas of economic deprivation[1].


						
Lung cancer affects the lives of about 40,000 people a year in the UK and previous studies from Liverpool researchers illustrate the unequivocal benefit of lung cancer screening in identified high risk groups.

In a newly published Lancet Regional Health Europe paper, lung cancer researchers further demonstrate the benefits of low-dose CT lung cancer screening. The latest study illustrates lung cancer outcomes are comparable across all socioeconomic groups.

Significantly, it also demonstrates that screening may provide additional health benefits for other smoking-related diseases. The analysis showed that conditions COPD and emphysema, both of which disproportionately affect lower socioeconomic groups, were less often the cause of death when subjects received a low-dose CT scan.

Researchers examined long-term outcomes of recruited participants from across the socioeconomic spectrum. This allowed assessment of the impact of socioeconomic status on a variety of aspects, including initial recruitment, selection for screening, lung cancer detection, and long-term mortality benefit from lung cancer and other diseases. It is shown that those from a lower socioeconomic group benefited from low-dose-CT screening in terms of lung cancer survival to the same extent as those from more affluent groups. However, they were more likely to benefit in terms of death from COPD and emphysema.

Professor John Field, Professor of Molecular Oncology, University of Liverpool and lead author on the paper said: "The impact of low-dose CT lung cancer screening has been previously demonstrated in a number of international clinical trials, including the UKLS study here in the UK. However, this is the first time that the long-term impact of risk-stratified lung cancer screening has been compared across different socioeconomic groups, demonstrating that those disadvantaged groups at the greatest risk of developing the disease benefit as much as those in less deprived areas."

Dr Chris Warburton, Respiratory Consultant at Liverpool University Hospitals NHS Foundation Trust and Clinical Lead for the Targeted Lung Health Check Programme for the NHS Cheshire and Merseyside Cancer Alliance said: "This is excellent data which demonstrates that lung cancer screening of high risk populations not only delivers benefits in lung cancer outcomes for the most deprived in our society, but it could also have wider beneficial effects on other smoking related diseases such as COPD and cardiovascular disease. The Cancer Alliance would encourage anyone offered a Lung Health Check to attend this important appointment which might just help to prolong their life."

Professor John Field worked with Dr Michael Davies, from the University of Liverpool's Institute of Systems, Molecular & Integrative Biology, and Daniel Vulkan, Professor Rhian Gabe, and Professor Stephen Duffy, from the Wolfson Institute of Preventive Medicine, Queen Mary University of London.




Professor Stephen Duffy said: "These results indicate the potential for lung cancer screening to address some serious inequalities in health. As the targeted programme is rolled out nationally, we need to make an effort to deliver the service to those deprived populations who need it most."

The UKLS study was funded by the Health Technology Assessment programme of the National Institute for Health Research (NIHR). Dr Michael Davies is a Roy Castle Lung Cancer Foundation Senior Research Fellow. Daniel Vulkan's and Professor Stephen Duffy's contributions to this research were funded by the NIHR Policy Research Programme.

[1] Deprivation, or lower socioeconomic status, as measured in the UK by the Index of Multiple Deprivation (IMD)




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240521124421.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



AI can help improve ER admission decisions | ScienceDaily
Generative artificial intelligence (AI), such as GPT-4, can help predict whether an emergency room patient needs to be admitted to the hospital even with only minimal training on a limited number of records, according to investigators at the Icahn School of Medicine at Mount Sinai. Details of the research were published in the May 21 online issue of the Journal of the American Medical Informatics Association.


						
In the retrospective study, the researchers analyzed records from seven Mount Sinai Health System hospitals, using both structured data, such as vital signs, and unstructured data, such as nurse triage notes, from more than 864,000 emergency room visits while excluding identifiable patient data. Of these visits, 159,857 (18.5 percent) led to the patient being admitted to the hospital.

The researchers compared GPT-4 against traditional machine-learning models such as Bio-Clinical-BERT for text and XGBoost for structured data in various scenarios, assessing its performance to predict hospital admissions independently and in combination with the traditional methods.

"We were motivated by the need to test whether generative AI, specifically large language models (LLMs) like GPT-4, could improve our ability to predict admissions in high-volume settings such as the Emergency Department," says co-senior author Eyal Klang, MD, Director of the Generative AI Research Program in the Division of Data-Driven and Digital Medicine (D3M) at Icahn Mount Sinai. "Our goal is to enhance clinical decision-making through this technology. We were surprised by how well GPT-4 adapted to the ER setting and provided reasoning for its decisions. This capability of explaining its rationale sets it apart from traditional models and opens up new avenues for AI in medical decision-making."

While traditional machine-learning models use millions of records for training, LLMs can effectively learn from just a few examples. Moreover, according to the researchers, LLMs can incorporate traditional machine-learning predictions, improving performance

"Our research suggests that AI could soon support doctors in emergency rooms by making quick, informed decisions about patient admissions. This work opens the door for further innovation in health care AI, encouraging the development of models that can reason and learn from limited data, like human experts do," says co-senior author Girish N. Nadkarni, MD, MPH, Irene and Dr. Arthur M. Fishberg Professor of Medicine at Icahn Mount Sinai, Director of The Charles Bronfman Institute of Personalized Medicine, and System Chief of D3M. "However, while the results are encouraging, the technology is still in a supportive role, enhancing the decision-making process by providing additional insights, not taking over the human component of health care, which remains critical."

The research team is investigating how to apply large language models to health care systems, with the goal of harmoniously integrating them with traditional machine-learning methods to address complex challenges and decision-making in real-time clinical settings.




"Our study informs how LLMs can be integrated into health care operations. The ability to rapidly train LLMs highlights their potential to provide valuable insights even in complex environments like health care," says Brendan Carr, MD, MA, MS, a study co-author and emergency room physician who is Chief Executive Officer of Mount Sinai Health System. "Our study sets the stage for further research on AI integration in health care across the many domains of diagnostic, treatment, operational, and administrative tasks that require continuous optimization."

The paper is titled "Evaluating the accuracy of a state-of-the-art large language model for prediction of admissions from the emergency room."

The remaining authors of the paper, all with Icahn Mount Sinai, are Benjamin S. Glicksberg, PhD; Dhaval Patel, BS; Ashwin Sawant, MD; Akhil Vaid, MD; Ganesh Raut, BS; Alexander W. Charney, MD, PhD; Donald Apakama, MD; and Robert Freeman, RN.

The work was supported by the National Heart Lung and Blood Institute NIH grant 5R01HL141841-05.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240521124413.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Matcha mouthwash inhibits bacteria that causes periodontitis | ScienceDaily
Periodontitis is an inflammatory gum disease driven by bacterial infection and left untreated it can lead to complications including tooth loss. The disease also been associated with diabetes mellitus, preterm birth, cardiovascular disease, rheumatoid arthritis and cancer. One of the chief bacterial culprits behind periodontitis is Porphyromonas gingivalis, which colonizes biofilms on tooth surfaces and proliferates in deep periodontal pockets.


						
Matcha, a finely ground green tea powder, may help keep P. gingivalis at bay. This week in Microbiology Spectrum, an open-access ASM journal, researchers in Japan report that matcha inhibited the growth of P. gingivalis in lab experiments. In addition, in a clinical study involving 45 people with periodontitis, people who used matcha mouthwash showed significantly lower levels of P. gingivalis in saliva samples than at the start of the study. "Matcha may have clinical applicability for prevention and treatment of periodontitis," the authors noted in the paper.

Camellia sinensis is a green tea plant that has long been studied for its potential antimicrobial effects against bacteria, fungi and viruses. A previous study on mice found that green tea extract can inhibit the growth of pathogens, including Escherichia coli. Other research has found that the extract can inhibit the growth of P. gingivalis and reduce its adherence to oral epithelial cells. In addition, observational studies have associated green tea consumption with better health.

Matcha, which is used in traditional ceremonies and for flavoring in beverages and sweets, is made from raw leaves of C. sinensis. For the new study, researchers from the Nihon University School of Dentistry at Matsudo, the National Institute of Infectious Disease in Tokyo and other institutions carried out a series of in vitro experiments to test the efficacy of a matcha solution against 16 oral bacterial species, including 3 strains of P. gingivalis. The matcha mouthwash showed little activity against strains of commensal oral bacteria.

Within 2 hours, nearly all the cultured P. gingivalis cells had been killed by the matcha extract, and after 4 hours of exposure, all the cells were dead. Those findings suggested a bactericidal activity against the pathogen.

The researchers then recruited 45 people diagnosed with chronic periodontitis at the Nihon University Hospital School of Dentistry at Matsudo for a follow up clinical study. The patients were randomly assigned to 3 groups: One group received barley tea mouthwash, the second received the mouthwash made from matcha extract, and the third received mouthwash that included sodium azulene sulfonate hydrate, which is used to treat inflammation. Saliva samples were collected before and after the intervention and analyzed using PCR, and participants were instructed to rinse twice daily.

The analysis revealed that patients in the group that used matcha mouthwash showed a significant reduction in the level of P. gingivalis. Patients in the other 2 groups did not show that same significant reduction.

While the new study isn't the first to probe the antimicrobial effects of tea-derived compounds on P. Gingivalis, the researchers note that it does support the potential benefits of matcha as part of a treatment plan for people with periodontal disease.
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Cortex's self-organizing abilities in neural development | ScienceDaily

"What makes this transformation so important is that it appears to occur entirely within the cortex itself, indicating that the brain is able to organize its own function during development," said Gordon Smith, PhD, an assistant professor at the U of M Medical School. "This suggests that any perturbations to these small-scale interactions can dramatically change the function of the brain, which may impact sensory perception and possibly contribute to neurodevelopmental disorders like autism."

In a self-organizing system, small-scale interactions combine to generate large-scale organization. By closely combining theory and experiment, the research team was able to show that mathematical rules similar to those found to govern the patterns in a broad range of living and non-living systems, such as the spots on certain fish and the spacing of sand dunes, also guide the development of the brain.

"Our results suggest that neural activity patterns in the early cortex arise dynamically through feedback loops that involve a balance between local activation and lateral suppression, confirming a theoretical hypothesis of brain development dating back decades," said Matthias Kaschube, PhD, professor at the Frankfurt Institute for Advanced Studies and co-investigator of the study.

The research team used optical tools recently developed at the U of M to directly demonstrate how the large-scale structure of developing brain networks emerges from the networks themselves, rather than being imprinted from an external source.

"By utilizing cutting-edge optical techniques, these experiments allowed us to test a long-held scientific theory and show that the brain organizes its own activity during early development," said Dr. Smith, who is also a member of the Medical Discovery Team on Optical Imaging and Brain Science.

Ongoing research is exploring how alterations in these self-organized neural activity patterns early in development impact sensory perception later in development.

Funding was provided by the National Eye Institute [grant R01EY030893-01], Whitehall Foundation [2018-05-57], National Science Foundation [IIS-2011542], and the Federal Ministry of Education and Research [BMBF 01GQ2002].
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Math discovery provides new method to study cell activity, aging | ScienceDaily
New mathematical tools revealing how quickly cell proteins break down are poised to uncover deeper insights into how we age, according to a recently published paper co-authored by a Mississippi State researcher and his colleagues from Harvard Medical School and the University of Cambridge.


						
Galen Collins, assistant professor in MSU's Department of Biochemistry, Molecular Biology, Entomology and Plant Pathology, co-authored the groundbreaking paper published in the Proceedings of the National Academy of Sciences, or PNAS, in April.

"We already understand how quickly proteins are made, which can happen in a matter of minutes," said Collins, who is also a scientist in the Mississippi Agricultural and Forestry Experiment Station. "Until now, we've had a very poor understanding of how much time it takes them to break down."

The paper in applied mathematics, "Maximum entropy determination of mammalian proteome dynamics," presents the new tools that quantify the degradation rates of cell proteins -- how quickly they break down -- helping us understand how cells grow and die and how we age. Proteins -- complex molecules made from various combinations of amino acids -- carry the bulk of the workload within a cell, providing its structure, responding to messages from outside the cell and removing waste.

The results proved that not all proteins degrade at the same pace but instead fall into one of three categories, breaking down over the course of minutes, hours or days. While previous research has examined cell protein breakdown, this study was the first to quantify mathematically the degradation rates of all cell protein molecules, using a technique called maximum entropy.

"For certain kinds of scientific questions, experiments can often reveal infinitely many possible answers; however, they are not all equally plausible," said lead author Alexander Dear, research fellow in applied mathematics at Harvard University. "The principle of maximum entropy is a mathematical law that shows us how to precisely calculate the plausibility of each answer -- its 'entropy' -- so that we can choose the one that is the most likely."

"This kind of math is sort of like a camera that zooms in on your license plate from far away and figures out what the numbers should be," Collins said. "Maximum entropy gives us a clear and precise picture of how protein degradation occurs in cells."

In addition, the team used these tools to study some specific implications of protein degradation for humans and animals. For one, they examined how those rates change as muscles develop and adapt to starvation.




"We found that starvation had the greatest impact on the intermediate group of proteins in muscular cells, which have a half-life of a few hours, causing the breakdown to shift and accelerate," Collins said. "This discovery could have implications for cancer patients who experience cachexia, or muscle wasting due to the disease and its treatments."

They also explored how a shift in the breakdown of certain cell proteins contributes to neurodegenerative disease.

"These diseases occur when waste proteins, which usually break down quickly, live longer than they should," Collins said. "The brain becomes like a teenager's bedroom, accumulating trash, and when you don't clean it up, it becomes uninhabitable."

Dear affirmed the study's value lies not only in what it revealed about cell protein degeneration, but also in giving scientists a new method to investigate cell activity with precision.

"Our work provides a powerful new experimental method for quantifying protein metabolism in cells," he said. "Its simplicity and rapidity make it particularly well-suited for studying metabolic changes."

Collins's post-doctoral advisor at Harvard and a co-author of the article, the late Alfred Goldberg, was a pioneer in studying the life and death of proteins. Collins noted this study was built on nearly five decades of Goldberg's research and his late-career collaboration with mathematicians from the University of Cambridge. After coming to MSU a year ago, Collins continued collaborating with his colleagues to complete the paper.

"It's an incredible honor to be published in PNAS, but it was also a lot of fun being part of this team," Collins said. "And it's very meaningful to see my former mentor's body of work wrapped up and published."
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Researchers introduce programmable materials to help heal broken bones | ScienceDaily
Natural materials like bone, bird feathers and wood have an intelligent approach to physical stress distribution, despite their irregular architectures. However, the relationship between stress modulation and their structures has remained elusive. A new study that integrates machine learning, optimization, 3D printing and stress experiments allowed engineers to gain insight into these natural wonders by developing a material that replicates the functionalities of human bone for orthopedic femur restoration.


						
Fractures of the femur, the long bone in the upper leg, are a widespread injury in humans and are prevalent among elderly individuals. The broken edges cause stress to concentrate at the crack tip, increasing the chances that the fracture will lengthen. Conventional methods of repairing a fractured femur typically involve surgical procedures to attach a metal plate around the fracture with screws, which may cause loosening, chronic pain and further injury.

The study, led by University of Illinois Urbana-Champaign civil and environmental engineering professor Shelly Zhang and graduate student Yingqi Jia in collaboration with professor Ke Liu from Peking University, introduces a new approach to orthopedic repair that uses a fully controllable computational framework to produce a material that mimics bone.

The study findings are published in the journal Nature Communications.

"We started with materials database and used a virtual growth stimulator and machine learning algorithms to generate a virtual material, then learn the relationship between its structure and physical properties," Zhang said. "What separates this work from past studies is that we took things a step further by developing a computational optimization algorithm to maximize both the architecture and stress distribution we can control."

In the lab, Zhang's team used 3D printing to fabricate a full-scale resin prototype of the new bio-inspired material and attached it to a synthetic model of a fractured human femur.

"Having a tangible model allowed us to run real-world measurements, test its efficacy and confirm that it is possible to grow a synthetic material in a way analogous to how biological systems are built," Zhang said. "We envision this work helping to build materials that will stimulate bone repair by providing optimized support and protection from external forces."

Zhang said this technique can be applied to various biological implants wherever stress manipulation is needed. "The method itself is quite general and can be applied to different types of materials such like metals, polymers -- virtually any type of material," she said. "The key is the geometry, local architecture and the corresponding mechanical properties, making applications almost endless."

The David C. Crawford Faculty Scholar Award from the U. of I. supported this research.

Zhang also is affiliated with mechanical science and engineering and the National Center for Supercomputing Applications at Illinois.
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Food for thought: Study links key nutrients with slower brain aging | ScienceDaily
Scientists have long been studying the brain with a goal of aiding healthier aging. While much is known about risk factors for accelerated brain aging, less has been uncovered to identify ways to prevent cognitive decline.


						
There is evidence that nutrition matters, and a novel study published in Nature Publishing Group Aging, from the University of Nebraska-Lincoln's Center for Brain, Biology and Behavior and the University of Illinois at Urbana-Champaign further signals how specific nutrients may play a pivotal role in the healthy aging of the brain.

The team of scientists, led by Aron Barbey, director of the Center for Brain, Biology and Behavior, with Jisheng Wu, a doctoral student at Nebraska, and Christopher Zwilling, research scientist at UIUC, performed the multimodal study -- combining state-of-the-art innovations in neuroscience and nutritional science -- and identified a specific nutrient profile in participants who performed better cognitively.

The cross-sectional study enrolled 100 cognitively healthy participants, aged 65-75. These participants completed a questionnaire with demographic information, body measurements and physical activity. Blood plasma was collected following a fasting period to analyze the nutrient biomarkers. Participants also underwent cognitive assessments and MRI scans. The efforts revealed two types of brain aging among the participants -- accelerated and slower-than-expected. Those with slower brain aging had a distinct nutrient profile.

The beneficial nutrient blood biomarkers were a combination of fatty acids (vaccenic, gondoic, alpha linolenic, elcosapentaenoic, eicosadienoic and lignoceric acids); antioxidants and carotenoids including cis-lutein, trans-lutein and zeaxanthin; two forms of vitamin E and choline. This profile is correlated with nutrients found in the Mediterranean diet, which research has previously associated with healthy brain aging.

"We investigated specific nutrient biomarkers, such as fatty acid profiles, known in nutritional science to potentially offer health benefits. This aligns with the extensive body of research in the field demonstrating the positive health effects of the Mediterranean Diet, which emphasizes foods rich in these beneficial nutrients," Barbey, Mildred Francis Thompson Professor of Psychology, said. "The present study identifies particular nutrient biomarker patterns that are promising and have favorable associations with measures of cognitive performance and brain health."

Barbey noted that previous research on nutrition and brain aging has mostly relied on food frequency questionnaires, which are dependent on participants' own recall. This study is one of the first and the largest to combine brain imaging, blood biomarkers and validated cognitive assessments.




"The unique aspect of our study lies in its comprehensive approach, integrating data on nutrition, cognitive function, and brain imaging," Barbey said. "This allows us to build a more robust understanding of the relationship between these factors. We move beyond simply measuring cognitive performance with traditional neuropsychological tests. Instead, we simultaneously examine brain structure, function, and metabolism, demonstrating a direct link between these brain properties and cognitive abilities. Furthermore, we show that these brain properties are directly linked to diet and nutrition, as revealed by the patterns observed in nutrient biomarkers."

The researchers will continue to explore this nutrient profile as it relates healthy brain aging. Barbey said it's possible, in the future, that the findings will aid in developing therapies and interventions to promote brain health.

"An important next step involves conducting randomized controlled trials. In these trials, we will isolate specific nutrients with favorable associations with cognitive function and brain health, and administer them in the form of nutraceuticals," Barbey said. "This will allow us to definitively assess whether increasing the levels of these specific nutrient profiles reliably leads to improvements in cognitive test performance and measures of brain structure, function, and metabolism."

Barbey is also co-editing an upcoming special collection for the Journal of Nutrition, "Nutrition and the Brain -- Exploring Pathways to Optimal Brain Health Through Nutrition," which is currently inviting submissions for consideration, and articles will begin publishing next year.

"There's immense scientific and medical interest in understanding the profound impact of nutrition on brain health," Barbey said. "Recognizing this, the National Institutes of Health recently launched a ten-year strategic plan to significantly accelerate nutrition research. Our work directly aligns with this critical initiative, aiming to contribute valuable insights into how dietary patterns influence brain health and cognitive function."
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New therapeutic avenues in bone repair | ScienceDaily
Birmingham researchers have shown PEPITEM, a naturally occurring peptide (small protein) holds promise as a new therapeutic for osteoporosis and other disorders that feature bone loss, with distinct advantages over existing drugs.


						
PEPITEM (Peptide Inhibitor of Trans-Endothelial Migration) was first identified in 2015 by University of Birmingham researchers.

The latest research, published today in Cell Reports Medicine, show for the first time that PEPITEM could be used as a novel and early clinical intervention to reverse the impact of age-related musculoskeletal diseases, with data demonstrating that PEPITEM enhances bone mineralisation, formation and strength, and reverses bone loss in animal models of disease.

The research was funded by major grants from the Medical Research Council and the Lorna and Yuti Chernajovsky Biomedical Research Foundation, which funds pioneering research into the creation of new targeted medicines to improve health. Other funders included the British Society for Research on Ageing, and Versus Arthritis.

Bone is constantly formed, reformed, and remodelled throughout life, and up to 10% of human bone is replaced annually through a complex interplay between two cell types -- osteoblasts, which form bone, and osteoclasts, which breakdown bone. Disturbances to this tightly orchestrated process are responsible for features of diseases such as osteoporosis and rheumatoid arthritis, which show excessive bone breakdown, or ankylosing spondylitis, where abnormal bone growth occurs.

The most commonly used osteoporosis therapies (bisphosphonates) target osteoclasts to prevent further bone loss. Although there are new 'anabolic' agents that can promote new bone formation, these have limitations in their clinical use, with teriparatide (parathyroid hormone, or PTH) only being effective for 24 months and romosozumab (anti-sclerostin antibody) being associated with cardiovascular events.

Therefore, there is a clear case for developing new therapies to stimulate bone repair in age-related musculoskeletal diseases, of which osteoporosis is the most common. Researchers led by Dr Helen McGettrick and Dr Amy Naylor, including Dr Jonathan Lewis and Ms Kathryn Frost, from the Institute of Inflammation and Ageing at the University of Birmingham and Dr James Edwards from Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences at the University of Oxford set out to investigate the potential therapeutic impact of PEPITEM in these disease states.




PEPITEM is a naturally occurring short protein (peptide) produced in the body and found circulating in everyone at low levels.

The research findings demonstrated that PEPITEM regulates bone remodelling and that increasing the amount present in the body stimulates bone mineralisation in 'young bones' that are not in a diseased or pre-osteoporotic state, and that this translates to an increase in bone strength and density similar to current standard of care drugs (bisphosphonates and PTH).

However, the key test for a potential new therapeutic is its ability to target the natural repair process that is compromised by age, or inflammatory disease. Here the researchers showed that giving additional PEPITEM limits bone loss and improves bone density in animal models of the menopause, which is a common trigger for osteoporotic bone loss in humans. Their studies also showed similar findings in models of inflammatory bone disease (arthritis), where PEPITEM significantly reduced bone damage and erosion.

These findings were underscored by studies using human bone tissue, harvested from older patients during joint surgery. These studies showed cells from older individuals respond to PEPITEM, significantly increasing the maturation of osteoblasts, and their ability to produce and mineralise bone tissues.

Their cell and tissue culture work showed PEPITEM has a direct effect on osteoblasts to promote bone formation, by increasing the activity of osteoblasts rather than their number. Further studies identified the NCAM-1 receptor as the specific receptor for PEPITEM on osteoblasts, and strongly suggested the NCAM-1- b-catenin signalling pathway is responsible for the upregulation of osteoblast activity. This receptor, and the pathway, are distinct from PEPITEM receptors that have been previously described in other tissues.

The researchers also investigated PEPITEM's effect on osteoclasts and bone resorption. Here, mouse studies showed PEPITEM significantly reduces the number of osteoclasts, leading to reduced bone mineral resorption. The researchers subsequently demonstrated that the reduction in osteoclast activity is the result of a soluble substance released locally in bone tissues by osteoblasts 'activated' by PEPITEM.

Dr Helen McGettrick said: "While the most commonly used drugs, bisphosphonates, work by blocking the action of osteoclasts, PEPITEM acts by swinging the balance in favour of bone formation, without impacting the ability of osteoclasts to resorb regions of damaged or weak bone tissue via normal bone remodelling."

Helen Dunster, the Business Development Manager who has curated the intellectual property associated with PEPITEM for the last 8 years says: "PEPITEM is the subject of a number of patent families relating to its activity in inflammation and inflammatory immune-mediated, bone and obesity related diseases, and also comprising of smaller PEPITEM pharmacophores. A US patent application (US18488234) covering the use of PEPITEM in the treatment or prevention of bone disease, has a priority filing date of 8/10/2019."
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Studies reveal cell-by-cell changes caused when pig hearts and kidneys are transplanted into humans | ScienceDaily
Surgical teams at NYU Langone Health performed the world's first genetically modified pig kidney transplants into a human body in September and November 2021, and then transplanted two pig hearts in the summer of 2022. These procedures were done in patients declared dead based on neurologic criteria (decedents) and maintained on ventilators with the consent of their families. Demonstrating the field's progress, NYU Langone in April 2024 transplanted a pig kidney into a living patient.


						
Now two new analyses, one published online on May 17 in Nature Medicine and the other May 21 in Med, reveal changes at the single-cell level in the organs and recipient's bodies before, during, and just after the xenotransplantation surgeries in the decedents. Teams of scientists had worked alongside the surgeons, taking blood and tissue samples to analyze changes in tens of thousands of collected cells.

Led by researchers at NYU Grossman School of Medicine and the Broad Institute of MIT and Harvard, the Med paper tracked the genetic and cellular activity in the two pig kidneys transplanted into humans, and compared them against pig kidney samples that had not been translated. To do so, the research team used several techniques, including single-cell RNA sequencing, which determined the order (sequence) of the molecular letters making up the pig and human genes active in various cell types during the procedures.

The study showed that the transplanted pig kidneys, while not rejected outright by the recipients' bodies (no immediate kidney failure), caused a strong reaction in human peripheral blood mononuclear cells (PBMCs). This set of immune cells can attack transplanted (foreign) organs much like they attack foreign invaders (e.g. viruses). While immediate rejection was not seen, in part due to treatment with medications that suppressed it, the new study found evidence of subtler reactions that could cause xenotransplants to fail over time.

Specifically, the pig kidneys were seen to trigger "antibody-mediated rejection" at the molecular level. As the body develops immune proteins called antibodies specific to a transplanted organ, they recruit natural killer cells, macrophages, and T cells that can injure it. The team also saw an uptick in pig kidneys of tissue repair mechanisms, where certain cells multiply as part of the growth involved in healing. Normal cells that transform into cancer cells also grow aggressively, so the mechanism bears watching.

"We have detailed the cellular mechanisms that dictate how human immune cells react to a xenotransplant in the short term," said Jef Boeke, PhD, a co-senior author on both studies, and director of the Institute for System Genetics at NYU Grossman School of Medicine. "These results give us new insights into how we might further engineer pig organs for transplant, or tailor immunosuppression treatments to improve tolerance of a foreign organ."

By tracking the interplay between the kidneys and human system several times each day, the researchers found that pig kidney immune cells drove reactions right after the transplant, but that human immune cells infiltrated the pig organs by 48 hours to dominate signaling. Measuring the degree to which pig immune cells trigger the first wave of immune attack on xenotransplants will shape efforts to prevent irreversible cellular damage to them, say the study authors.




Transplanted Hearts

The other new paper, published in Nature Medicine, featured a "multiomics" analysis of pig hearts and surrounding human cells in decedents. This included analyses every six hours after transplant of gene activity (transcriptomics), as well of proteins (proteomics), lipids, and metabolites (intermediates in biological pathways) present in cells.

Rapid, massive increases in the number of certain cell types were also seen in decedents receiving pig hearts. In one of the decedents (D1) but not the other, activated T cell and natural killer (NK) cell populations within the PBMC group increased from about one percent 30 hours post-transplant to more than 20 percent of the entire PBMC population by 66 hours after the procedure. This dramatic immune reaction to the organ, a complication called perioperative cardiac xenograft dysfunction (PCXD), came with a damaging inrush of immune cells (inflammation), and misplaced healing attempts (tissue remodeling) that thicken tissue and can hinder function.

The worse outcomes experienced by the one decedent may be partly because this heart was smaller than anticipated for the recipient's size, and required an extra procedure to compensate for it, the researchers said. These factors may have cut off blood flow and the oxygen supply to the heart for longer, which is known to cause ischemia reperfusion injury when the supply is restored. The research team observed that PCXD-related immune reactions to the pig organ got worse in the presence of this recipient's reperfusion injury.

"This study demonstrated that multiomics can be used to reveal a broad picture of what is happening in the recipient of a xenograft," said Brendan Keating, PhD, a co-senior author on both studies and faculty in Department of Surgery at NYU Grossman School of Medicine. "The team that did the xenotransplant had several theories about why the first decedent was having more issues, but multiomics helped to define the complications, and may be used to counter them moving forward."
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A new gene-editing system tackles complex diseases | ScienceDaily
The human genome consists of around 3 billion base pairs and humans are all 99.6% identical in their genetic makeup. That small 0.4% accounts for any difference between one person and another. Specific combinations of mutations in those base pairs hold important clues about the causes of complex health issues, including heart disease and neurodegenerative diseases like schizophrenia.


						
Current methods to model or correct mutations in live cells are inefficient, especially when multiplexing -- installing multiple point mutations simultaneously across the genome. Researchers from the University of California San Diego have developed new, efficient genome editing tools called multiplexed orthogonal base editors (MOBEs) to install multiple point mutations at once. Their work, led by Assistant Professor of Chemistry and Biochemistry Alexis Komor's lab, appears in Nature Biotechnology.

Komor's team was especially interested in comparing genomes that differ at a single letter change in the DNA. Those letters -- C (cytosine), T (thymine), G (guanine), A (adenosine) -- are known as bases. Where one person has a C base, another person might have a T base. These are single nucleotide variants (SNVs) or single point mutations, a person might have 4-5 million variants. Some variants are harmless; some are harmful; and often it is a combination of variants that confers disease.

One issue with using the genome in disease modeling is the sheer number of possible variations. If scientists were trying to determine which genetic mutations were responsible for heart disease, they could decode the genomes of a cohort that all had heart disease but the number of variations between any two people makes it very hard to determine which combination of variations causes the disease.

"There is a problem interpreting genetic variants. In fact, most variants that are identified are unclassified clinically, so we don't even know if they're pathogenic or benign," stated Quinn T. Cowan, a recent Ph.D. graduate from the university's Department of Chemistry and Biochemistry and first author on the paper. "Our goal was to make a tool that can be used in disease modeling by installing multiple variants in a controlled laboratory setting where they can be studied further."

An evolution in gene-editing

To understand why MOBEs were created, we have to understand the limitations of the traditional gene-editing tool CRISPR-Cas9. CRISPR-Cas9 uses a guide RNA, which acts like a GPS signal that goes straight to the genomic location you want to edit. Cas9 is the DNA-binding enzyme that cuts both strands of the DNA, making a complete break.




Although relatively straightforward, double-stranded breaks can be toxic to cells. This kind of gene-editing can also lead to indels -- random insertions and deletions -- where the cell is not able to perfectly repair itself. Editing multiple genes in CRISPR-Cas9 multiples the risks.

Instead of CRISPR, Komor's lab uses a base-editing technique she developed, which makes a chemical change to the DNA, although only one type of edit (C to T or A to G, for example) can be made at a time. So rather than scissors that cut out an entire section at once, base-editing erases and replaces one letter at a time. It is slower, but more efficient and less harmful to cells.

Simultaneously applying two or more base editors (changing a C to T at one location, and an A to G at another location in the genome), allows for better modeling of polygenic diseases -- those occurring due to more than one genetic variant. However, a technology didn't exist that could do this efficiently without guide RNA "crosstalk," which happens when base editors make unwanted changes.

Cowan's MOBEs use RNA structures called aptamers -- small RNA loops that bind to specific proteins -- to recruit base-modifying enzymes to specific genomic locations enabling simultaneous editing of multiple sites with high efficiency and a lower incidence of crosstalk.

This system is novel and is the first time someone used aptamers to recruit ABEs (adenosine base editors) in combination with CBEs (cytosine base editors) in an orthogonal pattern to make the MOBEs.

The differences are stark: when CBE and ABE are given together not using MOBE, crosstalk occurs up to 30% of the time. With MOBE, crosstalk is less than 5%, while achieving 30% conversion efficiency of the desired base changes.




The study was a proof of principle to test the feasibility of the MOBE system, which has been granted a provisional patent. To test them even further, the team conducted several case studies with real diseases, including Kallmann syndrome, a rare hormonal disorder. Their experiments revealed that MOBE systems could be used to efficiently edit relevant cell lines of certain polygenic diseases.

"We're in the process of putting the plasmids up on AddGene so anyone can freely access them. Our hope is that other researchers will use the MOBEs to model genetic diseases, learn how they manifest and then hopefully create effective therapies," stated Cowan.

This research was funded in part by the National Institutes of Health (1R35GM138317, T32 GM008326, and T32 GM112584) and the Research Corporation for Science Advancement (28385).

Full list of authors: Quinn T. Cowan, Sifeng Gu, Wanjun Gu, Brodie L. Ranzau, Tatum S. Simonson, and Alexis C. Komor (all UC San Diego).
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Clarifying the cellular mechanisms underlying periodontitis with an improved animal model | ScienceDaily
Periodontal disease, represented by periodontitis, is the leading cause of tooth loss and affects close to one in five adults worldwide. In most cases, this condition occurs as a result of an inflammatory response to bacterial infection of the tissue around teeth. As the condition worsens, the gums begin to pull away, exposing teeth roots and bone. Notably, the incidence of periodontitis becomes more prevalent with age and with populations worldwide living longer, developing a solid understanding of its underlying causes and progression is important.


						
In a study recently published in Nature Communications on March 28, 2024, researchers from Tokyo Medical and Dental University (TMDU) found a way to achieve this by improving upon a widely used animal model to study periodontitis.

Studying periodontitis directly in humans is challenging. As a result, scientists often resort to animal models for preclinical research. For instance, the "mouse ligature-induced periodontitis model," since its inception in 2012, has enabled researchers to study the cellular mechanisms underlying this condition. Simply put, with this model, periodontal disease is artificially induced by ligating silk threads onto the molars of mice models, which induces plaque accumulation. While convenient and effective, this model, however, fails to capture the complete picture of periodontitis. "Even though the periodontal tissue is composed of gingiva, periodontal ligament, alveolar bone, and cementum, analyses are usually performed exclusively on gingival samples due to technical and quantitative limitations," remarks lead author Mr. Anhao Liu. "This sampling strategy limits the conclusions that may be drawn from these studies, so methods that allow for the simultaneous analysis of all tissue components are needed."

To address this limitation, the research team developed a modified ligature-induced periodontitis model. Instead of the classic single ligature, they used a triple ligature approach on the upper left molar of male mice. This strategy expanded the range of bone loss without causing severe bone destruction around the second molar, increasing the yield of the different types of periodontal tissue. "We isolated the three main tissue types and evaluated the RNA yield between the two models. The results showed that the triple-ligature model effectively increased the yield, achieving four times the yield of normal peri-root tissue and supporting the high-resolution analysis of different tissue types," explains senior author Dr. Mikihito Hayashi.

After confirming the efficacy of their modified model, the researchers proceeded to investigate the effects of periodontitis on gene expression among the different tissue types over time, focusing on genes related to inflammation and osteoclast differentiation. One of their main findings was that the expression of the Il1rl1 gene was markedly higher in peri-root tissue five days after ligation. This gene encodes the protein ST2 in both receptor and decoy isoform, which binds to a cytokine called IL-33 that is involved in inflammatory and immunoregulation processes.

To gain further insights into the role of this gene, the team induced periodontitis in genetically modified mice that lacked the Il1rl1 or Il33 genes. These mice exhibited accelerated inflammatory bone destruction, highlighting the protective role of the IL-33/ST2 pathway. Further analysis of cells containing the ST2 protein in its receptor form, mST2, revealed that most of them were of macrophage lineage. "Macrophages are typically classified into two main types, pro-inflammatory and anti-inflammatory, based on their activation process. We found that mST2-expressing cells were unique in that they expressed some markers of both types of macrophages simultaneously," comments senior author Dr. Takanori Iwata. "These cells were present in the peri-root tissue before inflammation was triggered, so we named them 'periodontal tissue-resident macrophages.'"

Together, the findings of this study showcase the power of this modified animal model to study the full scope of periodontitis in greater detail, right down to the biomolecular level. "We suggest the possibility that a novel IL-33/ST2 molecular pathway regulating inflammation and bone destruction in periodontal disease, alongside specific macrophages in peri-root tissue, is deeply involved in periodontal disease. This will hopefully lead to the development of new treatment strategies and prevention methods," concludes senior author Dr. Tomoki Nakashima.
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Drug helps reprogram macrophage immune cells, suppress prostate and bladder tumor growth | ScienceDaily
A novel therapy that reprograms immune cells to promote antitumor activity helped shrink hard-to-treat prostate and bladder cancers in mice, according to research from the Johns Hopkins Kimmel Cancer Center and its Bloomberg~Kimmel Institute for Cancer Immunotherapy and Johns Hopkins Drug Discovery.


						
The study was published online May 3 in the journal Cancer Immunology Research, a journal of the American Association for Cancer Research.

Immunotherapies that help the immune system recognize and fight tumors have revolutionized care for many types of cancer. However, these therapies, which ramp up the production and activation of tumor cell-killing immune cells called T-cells, have not been effective in aggressive forms of prostate and bladder cancers. The field of oncology has been trying to find out why and how to make immunotherapies work better in these cancers, explains the study's senior author, Jelani Zarif, Ph.D., Robert E. Meyerhoff Endowed Professor and associate professor of oncology at Johns Hopkins. Zarif and his colleagues suspected that immune cells called macrophages were to blame. Under some conditions, macrophages help tumors grow and suppress T-cell activity, hampering the immune response to cancers.

"The focus of our work is to reprogram the immune-suppressive tumor-associated macrophages into anticancer immune cells to enhance therapeutic responses to immunotherapies and other standard-of-care cancer therapies," Zarif says.

The immune-suppressing macrophages rely on the amino acid glutamine. Zarif and his colleagues previously demonstrated that macrophage precursor cells called monocytes will develop into immune-activating macrophages if they are grown in a laboratory setting without glutamine. By contrast, when monocytes are grown with glutamine, they become immune-suppressing macrophages.

Zarif and his team hypothesized that drugs blocking the immune cells from accessing glutamine would shift the balance of macrophages toward the immune-stimulating type and help shrink tumors. Studies have shown that a drug called 6-diazo-5-oxo-L-norleucine (DON) that starves tumors of glutamine shrinks tumors that depend on glutamine to grow. But development of the drug as a therapy for cancer was abandoned decades ago because it was also toxic to the gastrointestinal system and caused harmful side effects.

Instead, Zarif tapped an experimental glutamine-blocking drug developed by study co-authors Barbara Slusher, Ph.D., director of Johns Hopkins Drug Discovery, and Jonathan Powell, M.D., Ph.D., former associate director of the Bloomberg~Kimmel Institute for Cancer Immunotherapy. The drug, JHU083, is a type of molecule called a prodrug that cells inside the body convert into an active drug. Specifically, JHU083 can only be turned into its active, glutamine-blocking form inside the tumor, preventing it from causing harmful side effects elsewhere in the body. Studies show the drug shrinks tumors, reduces cancer spread and increases survival in animals with cancers of the skin, colon, blood and brain, as well as certain treatment-resistant breast cancers.




"Barbara Slusher and her team changed the drug's chemistry so it can circulate inactive throughout the body, and it only becomes active when it gets inside cancer cells," Zarif explains. "Because the active form is only released to cancer cells, you can give a lower dose, further reducing the risk of side effects."

Zarif and his colleagues showed that JHU083 blocks the use of glutamine in prostate and bladder tumors in mice, reducing tumor growth and triggering tumor cell death. It also reprogrammed immune-suppressing macrophages into immune-boosting macrophages. The macrophages themselves started destroying tumor cells. They also helped recruit tumor-killing T-cells and natural killer cells to the tumors. Adding an immunotherapy called a checkpoint inhibitor, which boosts the activation of T-cells in tumors, did not increase the effects of JHU083. Zarif explained this is likely because there was already so much antitumor immune activity in the JHU083-treated tumors.

"JHU083 could be a promising anti-cancer therapy for tumors with immune-suppressing macrophages and too few T-cells," he says. "It might also be a promising agent for tumors that do not respond to checkpoint inhibitors."

Zarif plans to collaborate with colleagues at Johns Hopkins to launch a clinical trial of JHU083 in patients with treatment-resistant prostate or bladder cancer to see if it shrinks tumors and prevents metastasis. They also want to continue studying whether combining JHU083 with other treatments improves its effectiveness against tumors.

The study's other co-authors were Monali Praharaj, Fan Shen, Alex J. Lee, Liang Zhao,Thomas R. Nirschl, Debebe Theodros, Alok K. Singh, Xiaoxu Wang, Kenneth M. Adusei, Kara A. Lombardo, Raekwon A. Williams, Laura A. Sena, Elizabeth A. Thompson, Ada Tam, Srinivasan Yegnasubramanian, Edward J. Pearce, Robert D. Leone, Jesse Alt, Rana Rais and Drew M. Pardoll of Johns Hopkins.

This work was supported in part by the Bloomberg[?]Kimmel Institute for Cancer Immunotherapy, a Prostate Cancer Foundation Young Investigator Award, the National Institutes of Health/National Cancer Institute (grant K22 CA237623), the National institutes of Health (grants #R01CA283649 and #R01CA229451) and a Maryland Cigarette Restitution Fund grant (#FHB33CRF).

The Johns Hopkins University has filed patent applications related to technologies described in the paper on which Slusher, Powell, Leone, Rais and Alt are listed as inventors. Slusher, Powell and Rais are also co-founders of and consultants for Dracen Pharmaceuticals. These relationships are being managed by Johns Hopkins University in accordance with its conflict-of-interest policies.
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'I feel like I'm Alice in Wonderland': Why nightmares and 'daymares' could be early warning signs of autoimmune disease | ScienceDaily
An increase in nightmares and hallucinations -- or 'daymares' -- could herald the onset of autoimmune diseases such as lupus, say an international team led by researchers at the University of Cambridge and King's College London.


						
The researchers argue that there needs to be greater recognition that these types of mental health and neurological symptoms can act as an early warning sign that an individual is approaching a 'flare', where their disease worsens for a period.

In a study published today in eClinicalMedicine, researchers surveyed 676 people living with lupus and 400 clinicians, as well as carrying out detailed interviews with 69 people living with systemic autoimmune rheumatic diseases (including lupus) and 50 clinicians. Lupus is an autoimmune inflammatory disease known for its effect on many organs including the brain.

In the study, the team also asked patients about the timing of 29 neurological and mental health symptoms (such as depression, hallucinations and loss of balance). In interviews, patients were also asked if they could list the order that symptoms usually occurred when their disease was flaring.

One of the more common symptoms reported was disrupted dream sleep, experienced by three in five patients, a third of whom reported this symptom appearing over a year before onset of lupus disease.

Just under one in four patients reported hallucinations, though for 85% of these the symptom did not appear until around the onset of disease or later. When the researchers interviewed the patients, however, they found that three in five lupus patients and one in three with other rheumatology-related conditions reported increasingly disrupted dreaming sleep -- usually vivid and distressing nightmares -- just before their hallucinations. These nightmares were often vivid and distressing, involving being attacked, trapped, crushed, or falling.

One patient from Ireland described their nightmares as: "Horrific, like murders, like skin coming off people, horrific...I think it's like when I'm overwhelmed which could be the lupus being bad...So I think the more stress my body is under then the more vivid and bad the dreaming would be."

The study interviewers found that using the term 'daymares' to talk about hallucinations often led to a 'lightbulb' moment for patients, and they felt that it was a less frightening and stigmatised word.




A patient from England said: "[When] you said that word daymare and as soon as you said that it just made sense, it's like not necessarily scary, it's just like you've had a dream and yet you're sitting awake in the garden...I see different things, it's like I come out of it and it's like when you wake up and you can't remember your dream and you're there but you're not there... it's like feeling really disorientated, the nearest thing I can think of is that I feel like I'm Alice in Wonderland."

Patients experiencing hallucinations were reluctant to share their experiences, and many specialists said they had never considered nightmares and hallucinations as being related to disease flares. Most said they would talk to their patients about nightmares and hallucinations in future, agreeing that recognising these early flare symptoms may provide an 'early warning system' enabling them to improve care and even reduce clinic times by averting flares at any earlier stage.

Lead author Dr Melanie Sloan from the Department of Public Health and Primary Care at the University of Cambridge said: "It's important that clinicians talk to their patients about these types of symptoms and spend time writing down each patient's individual progression of symptoms. Patients often know which symptoms are a bad sign that their disease is about to flare, but both patients and doctors can be reluctant to discuss mental health and neurological symptoms, particularly if they don't realise that these can be a part of autoimmune diseases."

Senior study author Professor David D'Cruz from Kings College London said: "For many years, I have discussed nightmares with my lupus patients and thought that there was a link with their disease activity. This research provides evidence of this, and we are strongly encouraging more doctors to ask about nightmares and other neuropsychiatric symptoms -- thought to be unusual, but actually very common in systemic autoimmunity -- to help us detect disease flares earlier."

The importance of recognising these symptoms was highlighted by reports that some patients had initially been misdiagnosed or even hospitalised with a psychotic episode and/or suicidal ideation, which was only later found to be the first sign of their autoimmune disease.

One patient from Scotland said: "At 18 I was diagnosed with borderline personality disorder, and then 6 months later with lupus at 19, so it's all very close together and it was strange that when my [borderline personality disorder] got under control and my lupus got under control was within 6 months."

A nurse from Scotland said: "I've seen them admitted for an episode of psychosis and the lupus isn't screened for until someone says 'oh I wonder if it might be lupus'...but it was several months and very difficult... especially with young women and it's learning more that that is how lupus affects some people and it's not anti-psychotic drugs they needed, it's like a lot of steroids."




Professor Guy Leschziner, a study author and neurologist at Guys' and St Thomas' hospital, and author of The Secret World of Sleep, said: "We have long been aware that alterations in dreaming may signify changes in physical, neurological and mental health, and can sometimes be early indicators of disease. However, this is the first evidence that nightmares may also help us monitor such a serious autoimmune condition like lupus, and is an important prompt to patients and clinicians alike that sleep symptoms may tell us about impending relapse."

The research was funded by The Lupus Trust and is part of the INSPIRE project (Investigating Neuropsychiatric Symptom Prevalence and Impact in Rheumatology patient Experiences).
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Second Phase 3 clinical trial again shows dupilumab lessens disease in COPD patients with type 2 inflammation | ScienceDaily
Chronic obstructive pulmonary disease patients with type 2 inflammation may soon gain access to a new drug -- dupilumab -- that showed rapid and sustained improvements in patients in a pivotal Phase 3 clinical trial, researchers report in the New England Journal of Medicine. This monoclonal antibody is the first biologic shown to improve clinical outcomes in COPD. The data supporting the use of dupilumab in COPD will be reviewed by the United States Food and Drug Administration in June.


						
The disease improvements -- as measured by a significantly lower annualized rate of acute exacerbations and significantly better lung function than placebo-treated adults with COPD -- were observed at 12 weeks after the initiation of dupilumab and were sustained throughout the 52-week trial period. In terms of safety, the number of adverse events was similar between placebo and treatment groups and consistent with the established profile of dupilumab.

The lung disease COPD is marked by cough and labored breathing. COPD has traditionally been thought of as an inflammatory disease predominantly driven by neutrophilic inflammation. About 20 percent to 40 percent of COPD patients have COPD with a predominant type 2 inflammation that is commonly detected by elevated blood eosinophil counts. These patients have a high risk of exacerbations.

"Dupilumab substantially decreases exacerbation frequency and improves lung function as well as symptom burden in patients with COPD with type 2 inflammation and high exacerbation risk, who are already on maximal inhaled therapy," said Surya Bhatt, M.D., a professor of medicine and endowed professor of airways disease in the University of Alabama at Birmingham Department of Medicine Division of Pulmonary, Allergy and Critical Care Medicine.

Bhatt and Klaus Rabe, M.D., Ph.D., a professor of pulmonary medicine at the LungenClinic Grosshansdorf, Grosshansdorf, Germany, co-led the international multicenter clinical study that had 470 patients in the dupilumab group and 465 patients in the placebo group. The patients ranged in age from 40 to 85.

The just completed trial replicates an initial, nearly identical, Phase 3 clinical trial of dupilumab reported in NEJM by Bhatt and Rabe last year. The current Phase 3, randomized, double-blind, placebo-controlled trial was needed to confirm findings of that first trial for COPD patients with blood eosinophil counts of 300 cells per microliter or higher and an elevated exacerbation risk, despite being on inhaled triple therapy. Carefully designed clinical trials produce data that allows the FDA to determine whether benefits of an investigational drug outweigh any known and potential risks for its intended population.

COPD patients often have disease exacerbations that can lead to an increased risk of subsequent exacerbations, accelerated lung-function decline and an increased risk of death. Thus, says Bhatt, improving lung function and reducing exacerbations are unmet needs in patients with COPD.

"COPD is the third leading cause of death globally," Bhatt said. "Exacerbations of COPD lead to poorer quality of life, increased hospitalizations and an increased risk of death."
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Electric school buses may yield significant health and climate benefits, cost savings | ScienceDaily
Replacing diesel school buses with electric school buses may yield up to $247,600 in climate and health benefits per individual bus, according to a new study by researchers at Harvard T.H. Chan School of Public Health. The researchers found that these benefits -- including fewer greenhouse gas emissions and reduced rates of adult mortality and childhood asthma -- and their associated savings are strongest in large cities and among fleets of old (2005 and before) buses.


						
The study will be published in The Proceedings of the National Academy of Sciences on May 20, 2024.

While the health and climate benefits of switching from diesel vehicles to electric ones are well established, this is the first study to specifically quantify how electric school buses can improve human and planetary health.

"Research on air pollution and climate change should strive to quantify health benefits," said senior author Kari Nadeau, John Rock Professor of Climate and Population Studies and chair of the Department of Environmental Health. "Our findings can inform policymakers that greenhouse gas emissions and air pollution are reduced by implementing solutions like electric vehicle use. Our data offer strong evidence that accelerating the ongoing transition to electric school buses will benefit individual, public, and planetary health."

There are about half a million school buses in use in the U.S. and a substantial portion are older, highly polluting diesel buses. Switching to electric buses is a difficult decision for local, state, and federal officials as they are expensive and the health benefits are not well known.

To quantify how diesel and electric school buses impact the climate, the researchers compared the amounts of carbon dioxide emitted from diesel school bus tailpipes and from electric school buses' electricity generation and battery production. To assess the buses' health impacts, the researchers compared how their respective emissions contribute to fine particulate air pollution (PM2.5), which is linked to adult mortality and the onset of childhood asthma.

The study found that replacing an average diesel school bus in the U.S. fleet in 2017 with an electric one resulted in $84,200 in total benefits per individual bus. Each electric school bus emitted 181 fewer metric tons of carbon dioxide than its diesel counterpart, amounting to $40,400 worth of climate benefits. Meanwhile, each electric school bus was associated with $43,800 in health savings, from less air pollution and reduced rates of mortality and childhood asthma.




The study also found that electric school buses' health benefits vary depending on location and the age of the diesel bus being replaced. Large metropolitan areas -- defined as those with a population of more than one million -- derive the most significant health benefits from electrifying fleets of school buses, given the larger number of people whose air quality is improved. The researchers calculated that, in a large city, replacing a 2005 diesel school bus with an electric bus would achieve $207,200 in health benefits per bus.

"In a dense urban setting where old diesel buses still comprise most school bus fleets, the savings incurred from electrifying these buses outweigh the costs of replacement," Nadeau said. "Not to mention how the tangible benefits of electric school buses can improve lives -- especially for racial minorities and those living in low-income communities who are disproportionately impacted by the everyday health risks of air pollution."

Nadeau and her co-authors noted that the study did not tackle one important question: how electric school buses impact children's exposure to in-cabin air pollution while riding the bus. Additional research into this topic could further inform policy decisions.

Ernani Choma, research associate in the Department of Environmental Health, and Lisa Robinson, senior research scientist and deputy director of the Center for Health Decision Science, were co-authors.
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Yoga and meditation-induced altered states of consciousness are common in the general population | ScienceDaily
Yoga, mindfulness, meditation, breathwork, and other practices are gaining in popularity due to their potential to improve health and well-being. The effects of these practices are mostly positive and occasionally transformational, yet they are known to sometimes be associated with challenging altered states of consciousness.


						
New research by a team including investigators from Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, reveals that altered states of consciousness associated with meditation practice are far more common than expected.

Although many people reported positive outcomes, that were sometimes even considered transformational, from these experiences, for a substantial minority the experiences were negative. The results are published in the journal Mindfulness.

"With more people engaging in mindfulness, meditation, and other contemplative and mind-body practices, we thought that altered states and their effects might be common among the general population. We conducted a series of international surveys to investigate and indeed found that such experiences were widespread," said senior author Matthew D. Sacchet, PhD, the director of the Meditation Research Program at Massachusetts General Hospital and an associate professor of Psychiatry at Harvard Medical School.

"Altered states were most often followed by positive, and sometimes even transformational effects on wellbeing," Sacchet adds." With that said negative effects on well-being were also reported in some cases, with a small subset of individuals reporting substantial suffering."

For the study, a panel of experts in psychiatry, neuroscience, meditation, and survey design developed a questionnaire on the experience of altered states of consciousness.

Among 3,135 adults in the US and the UK who completed the online questionnaire, 45% reported experiencing non-pharmacologically induced altered states of consciousness at least once in their lives.




This is far more than expected from the 5% (US) to 15% (UK) of these population estimated to have undertaken mindfulness practice.

The experiences included derealization (the feeling of being detached from your environment), unitive experiences (a sense of unity or "oneness"), ecstatic thrills, vivid perceptions, changes in perceived size, bodily heat or electricity, out-of-body experiences, and perception of non-physical lights.

Respondents reported a mix of positive and negative well-being following altered states, with 13% claiming moderate or greater suffering and 1.1% claiming life-threatening suffering. Of those who experienced suffering, 63% did not seek help.

"Rather than being extremely unusual and rare, our study found that altered states of consciousness are a common variant of normal human experience," said Sacchet. "However, we've found that those who experience negative outcomes related to these altered states often do not seek help, and that clinicians are poorly prepared to recognize or support these kinds of experiences. This has contributed to what might be considered a public health issue as a certain proportion of people have difficulty integrating their experiences of altered states into their existing conceptions of self and reality."

Sacchet noted that additional studies are needed to identify individual characteristics associated with experiencing altered states of consciousness, and with potential suffering associated with these states. He also stressed the importance of applying this research to patient care.

"We should not dismiss meditation and other practices as inherently dangerous but rather we need to better understand and support meditators to fully realize the potential of these practices," he said. "Similar to psychotherapy, pharmacology, and other therapeutic tools it's important that we learn to best implement and support people when engaging with these powerful practices."

He added that "ancient meditation manuals from the wisdom traditions may be useful for classifying and understanding altered states of consciousness. They may provide guidance into how to better manage altered states when they may be difficult. We clearly need more research to further study and understand this possibility."

"Clinical curriculum on altered states of consciousness should be developed to better support clinicians caring for patients experiencing suffering linked to these kinds of experiences," Sacchet added.

"Also, those who teach meditation practices should ensure that participants are aware of potential risk," he said. "Together, these kinds of safeguards will help to ensure that these very promising and powerful practices are taught and experienced safely."
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Mothers live longer as child mortality declines | ScienceDaily
The dramatic decline in childhood mortality during the 20th century has added a full year to women's lives, according to a new study.


						
"The picture I was building in my mind was to think about what the population of mothers in the U.S. looked like in 1900," said Matthew Zipple, a Klarman Postdoctoral Fellow in neurobiology and behavior at Cornell University and author of "Reducing Childhood Mortality Extends Mothers' Lives," which published May 9 in Scientific Reports.

"It was a population made up of two approximately equal-sized groups: One was mothers who had lost children, and one was mothers who had not," Zipple said. "If we compare that to today, when child loss is mercifully so much less common, nearly all those women who had lost children are shifted into the non-bereaved category."

Using mathematical modeling based on Centers for Disease Control and Prevention (CDC) data, he calculated how the absence of bereavement affects the lifespans of present-day mothers in the United States. He estimates that the reduction in maternal bereavement adds, on average, a year to women's lives.

In the paper, Zipple cites several studies that causally link child death with increased risk of maternal death. The most comprehensive is a study of mothers in Iceland over a 200-year period, spanning a range of health care access and industrialization.

Life expectancy for women after age 15 increased by about 16 years between 1900 and 2000, Zipple found from the CDC data he used in the study. His calculation attributes one year, or about 6% of this increase, to the dramatic drop in childhood mortality over the course of the 20th century.

The study also helps set priorities for progress going forward, Zipple said. In many countries, child mortality rates today are similar to those in the U.S. in 1900. Investing in reducing childhood mortality everywhere helps not only the children, but whole communities.

"The child is the core of the community," Zipple said. "Protecting children from mortality has branching positive impacts that start with mothers but probably don't stop there."
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Study sheds light on bacteria associated with pre-term birth | ScienceDaily
Researchers from North Carolina State University have found that multiple species of Gardnerella, bacteria sometimes associated with bacterial vaginosis (BV) and pre-term birth, can coexist in the same vaginal microbiome. The findings add to the emerging picture of Gardnerella's effects on human health.


						
Gardnerella is a group of anaerobic bacteria that are commonly found in the vaginal microbiome. Higher levels of the bacteria are a signature of BV and associated with higher risk of pre-term birth, but it is also found in women who have no sign of disease.

"We were trying to understand diversity within Gardnerella," says Ben Callahan, associate professor of population health and pathobiology at NC State and corresponding author of the work. "Scientists have only recently begun to look at individual Gardnerella species, so we don't know yet whether different species might have different health effects. So our main aim was to explore the ecology of Gardnerella."

The unique challenge in sequencing the vaginal microbiome is that any samples will be predominantly composed of the host's DNA, which makes extracting microbial data more expensive and time consuming. The research team's first job was to establish a methodology that allowed them to identify distinct species of Gardnerella from the microbiome data.

"The available tools to study the vaginal microbiome would consider all Gardnerella as the same species," says Hanna Berman, postdoctoral research scholar at NC State and lead author of the work. "To even be able to do this work, we had to create our own database of Gardnerella genomes and devise a method to identify the different Gardnerella species. Hopefully this will also allow more researchers to be able to study Gardnerella diversity."

The research team looked at sequencing data from three cohorts: two random populations of pregnant women, and one population with a history of pre-term birth. They analyzed the metagenomic sequences of Gardnerella from the samples to see if there was a relationship between a particular Gardnerella species and pre-term birth.

While they didn't find a "smoking gun," they did make two surprising findings.




First, they identified a potential 14th species of Gardnerella among the samples -- prior to this work only 13 species had been identified.

They also saw that in the majority of samples in which Gardnerella was present, multiple species of Gardnerella coexisted in the same microbiome: anywhere from two to as many as all 14 known Gardnerella species were found in single samples.

"Normally if a species of bacteria has colonized an environment, we expect it to exclude close relatives that would occupy the same environmental niche and consume the same resources," Callahan says. "I often say that with bacteria all things are possible, but this is still unusual. We also saw that when the overall microbial load is higher, Gardnerella is a higher proportion of the microbial load.

"Evidence continues to build that Gardnerella has an association with pre-term birth, but the details of that relationship are complicated. In this work, we didn't find one bad species of Gardnerella -- they may all be bad. This is far from the end of the story."

The researchers hope to explore questions of species coexistence and microbiome composition further in future work.

"The vaginal microbiome has been understudied," Callahan says. "For example, it is often dominated by one species of Lactobacillus, which creates an environment that excludes other bacteria. When it isn't there, Gardnerella is. So how do the bacteria interact?

"Answering these questions may lead to more effective treatments for BV, and for ways to predict and avoid pre-term birth. This work is an important step in that process."

The research appears in mSystems and is supported by funding from the Eunice Kennedy Shriver National Institute of Child Health and Human Development under Award Numbers 5F31HD104353 and 730 K99HD090290, the National Institutes of Health NIGMS under award R35GM133745, and the March of Dimes. NC State student Megan Anderson, Daniela Aliaga Goltsman of Metagenomi, Inc., and David Relman of Stanford University also contributed to the work.
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New method to reveal what drives brain diseases | ScienceDaily
The brain is often referred to as a "black box" -- one that's difficult to peer inside and determine what's happening at any given moment. This is part of the reason why it's difficult to understand the complex interplay of molecules, cells and genes that underly neurological disorders. But a new CRISPR screen method developed at Scripps Research has the potential to uncover new therapeutic targets and treatments for these conditions.


						
The method, outlined in a study published in Cell on May 20, 2024, provides a way to rapidly examine the brain cell types linked to key developmental genes at a scale never done before -- helping unravel the genetic and cellular drivers of different neurological diseases.

"We know that certain genetic variations in our genome can make us vulnerable or resilient towards different diseases, but which specific cell types are behind a disease? Which brain regions are susceptible to the genome mutations in those cells? These are the kinds of questions we're trying to answer," says senior author Xin Jin, PhD, an assistant professor in the Department of Neuroscience at Scripps Research. "With this new technology, we want to build a more dynamic picture across brain region, across cell type, across the timing of disease development, and really start understanding how the disease happened -- and how to design interventions."

Thanks to over a decade's efforts in human genetics, scientists have had access to long lists of genetic changes that contribute to a range of human illnesses, but knowing how a gene causes a disease is very different than knowing how to treat the illness itself. Every risk gene may impact one or several different cell types. Comprehending how those cell types -- and even individual cells -- impact a gene and affect disease progression is key to understanding how to ultimately treat that disease.

This is why Jin, along with the study's first author, Xinhe Zheng, a PhD candidate and the Frank J. Dixon Graduate Fellow at Scripps Research, co-invented the new technique, named in vivo Perturb-seq. This method leverages CRISPR-Cas9 technology and a readout, single-cell transcriptomic analysis, to measure its impact on a cell: one cell at a time. Using CRISPR-Cas9, scientists can make precise changes to the genome during brain development, and then closely study how those changes affect individual cells using single-cell transcriptomic analysis -- for tens of thousands of cells in parallel.

"Our new system can measure individual cells' response after genetic perturbations, meaning that we can paint a picture of whether certain cell types are more susceptible than others and react differently when a particular mutation happens," Jin says.

Previously, the method for introducing the genetic perturbations into the brain tissue was very slow, often taking days or even weeks, which created suboptimal conditions for studying gene functions related to neurodevelopment. But Jin's new screening method allows for rapid expression of perturbation agents in living cells within 48 hours -- meaning scientists can quickly see how specific genes function in different types of cells in a very short amount of time.

The method also enables a level of scalability that was previously impossible -- the research team was able to profile more than 30,000 cells in just one experiment, 10-20 times accelerated from the traditional approaches. In many of the brain regions they examined, such as the cerebellum, they were able to collect tens of thousands of cells that previous labeling methods could not reach.

In a pilot study using this new technology, Jin and her team's interest was piqued when they saw a genetic perturbation elicit different effects when perturbed in different cell types. This is important because those impacted cell types are the sites of action for particular diseases or genetic variants. "Despite their smaller population representations, some low-abundant cell types may have a stronger impact than others by the genetic perturbation, and when we systematically look at other cell types across multiple genes, we see patterns. That's why single-cell resolution -- being able to study every cell and how each one behaves -- can offer us a systematic view," Jin says.

With her new technology in hand, Jin plans to apply it to better understand neuropsychiatric conditions and how certain cell types correspond with various brain regions. Moving forward, Jin says she's excited to see this type of technology applied to additional cell types in other organs in the body to better understand a wide range of diseases in terms of tissue, development and aging.
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1 in 4 parents say their teen consumes caffeine daily or nearly every day | ScienceDaily
A quarter of parents report that caffeine is basically part of their teen's daily life, according to a national poll.


						
Two in three parents think they know whether their teen's caffeine intake is appropriate and which products have too much caffeine. Yet a third aren't able to identify recommended caffeine limits, according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health.

"Our report suggests parents may not always be aware of how much they should be limiting caffeine consumption for teens," said poll co-director and Mott pediatrician Susan Woolford, M.D.

"Even for parents who know the recommendations, estimating their teen's caffeine intake can be challenging."

Soda is teens' top caffeinated product of choice, according to the nationally representative report that's based on responses from 1,095 parents of teens polled in February.

Tea and coffee came in as the second most popular caffeine source while less than a fourth of parents said their teen consumed energy drinks.

"Caffeine is a drug that stimulates the brain and nervous system, and too much of it can contribute to a variety of health problems in young people," Woolford said.




"Teens' brains are still developing, and excessive caffeine consumption can affect their mood, sleep, and school performance, along with other side effects. They can also become dependent over time, as is true for other drugs."

What drives caffeine consumption among teens

Two in five parents whose teens consume caffeine most or all days of the week say their teen has it because it's in their favorite product while less than a fourth say it's because their peers drink it.

Fewer parents believe their teen drinks caffeine to stay awake during the school day, manage an early school start time or help with studying or focus.

"As parents appear to suggest that teens consume caffeine more for the taste than for the stimulant effect, it may be possible for parents to encourage the use of similar tasing options that are caffeine free," Woolford said. "But parents may not even be aware that kids are drinking several caffeinated drinks a day and how it's adding up."

The good news, Woolford notes, is that the most common place teens consume caffeine is at home followed by dining out, making it easier for parents to intervene and help their teens reduce their caffeine intake. Just a third of teens consume caffeine with friends and a quarter consume it while in school, according to the report.




Woolford shares more findings from the poll and her top tips for monitoring caffeine in teens:

Know recommended caffeine limits 

For healthy adults, 400 milligrams of caffeine per day is not generally associated with dangerous effects, according to the U.S. Food and Drug Administration. But the FDA has not given guidance for teens due to insufficient evidence, Woolford says.

The American Academy of Pediatrics also discourages caffeine intake by children and adolescents, and other experts suggest a limit of 100 milligrams per day for teens.

However, one in three parents polled thought the recommended daily limit was higher, Woolford says.

Monitor caffeine levels in your teen's favorite foods and beverages 

Sixty percent of parents polled say they've heard about the risks of highly caffeinated products but roughly half say they rarely look at caffeine amounts when buying beverages for their teen.

An 8-ounce cup of coffee has about 100 milligrams of caffeine, but the range of sizes and types of coffee drinks include many with excessive caffeine amounts, Woolford notes. Sodas, sports drinks and even certain brands of water can contain substantial amounts of caffeine.

Energy drinks are also consumed by teens, but a single one may contain up to 500 mg of caffeine along with added sugars.

Caffeine is also found in products that parents might not suspect, Woolford points out, such as gum, snack bars, and over-the-counter pain relievers.

"Parents can reduce their child's risk of becoming caffeine dependent by checking product labels before purchasing any of these items for their family," Woolford said.

Watch for signs your teen is overconsuming caffeine 

People's reactions to caffeine often depends on weight, gender, and caffeine sensitivity.

Common side effects from overconsumption may include insomnia, headaches, irritability and nervousness. Unfortunately, reducing or eliminating caffeine consumption may induce the same types of symptoms during withdrawal.

The effect of caffeine also wanes over time, Woolford notes, requiring higher amounts to get the same impact and increasing the risk of negative side effects.

"If your teenager regularly consumes caffeine and is having a hard time sleeping or if they appear jittery, you should take a closer look at whether their caffeine intake is too high," Woolford said.

Model healthy caffeine consumption 

Two-thirds of parents polled say they themselves consume caffeine most or all days of the week. A third have tried to cut back on their caffeine intake while 16% say their teen has tried to reduce caffeine consumption.

Many parents who report their teen consumes caffeine 0-3 days per week say that the family does not usually have caffeinated drinks at home or that the teen is trying to be healthy.

"Parents who have reduced their own caffeine consumption can draw on their experiences to help their teen establish a plan to cut back slowly to avoid withdrawal effects," Woolford said.

Talk to your teen about caffeine 

More parents of teens 16-18 years than 13-15 years report their teen has daily caffeine consumption.

The majority of parents think their teen has heard about the risks of too much caffeine from parents or other family members while others think they've learned about unhealthy caffeine levels from teachers, coaches, other school staff or a healthcare provider.

But it's important that parents also have conversations with teens who may select caffeinated beverages from their school vending machines or spend their own money on caffeinated products.

"Parents should consider talking with their teen about the negative impact of excessive caffeine, and then explore non-caffeinated options they can try together at home, at school or when out with friends," Woolford said. "Parents may also enlist the teen's healthcare provider in explaining the risks of caffeine and suggesting strategies to cut back."
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Extreme heat associated with children's asthma hospital visits | ScienceDaily
For children seeking care at a California urban pediatric health center, extreme heat events were associated with increased asthma hospital visits, according to research published at the ATS 2024 International Conference.


						
"We found that both daily high heat events and extreme temperatures that lasted several days increased the risk of asthma hospital visits," said corresponding author Morgan Ye, MPH, research data analyst, Division of Pulmonary and Critical Care Medicine, University of California, San Francisco School of Medicine. "Understanding the impacts of climate-sensitive events such as extreme heat on a vulnerable population is the key to reducing the burden of disease due to climate change."

Ms. Ye and colleagues looked at 2017-2020 electronic health records from the UCSF Benioff Children's Hospital Oakland, which included data on asthma hospital visits by patients of the hospital, some of whom are from Benioff Oakland's Federally Qualified Health Center, and demographics including patients' zip codes. They used data from the PRISM Climate Group of Oregon State University to determine the timing of daily maximum (daytime heat waves) and minimum (nighttime heat waves) for each zip code. The researchers restricted their analyses to the region's warm season (June to September). To evaluate the potential range of effects of different heat wave measurements, they used 18 different heat wave definitions, including the 99th, 97.5th and 95th percentile of the total distribution of the study period for one, two or three days.

They designed the study in a way that allowed them to determine the association between each heat wave definition and a hospital visit. They repeated the analysis for Bay Area and Central California zip codes.

The team discovered that daytime heat waves were significantly associated with 19 percent higher odds of children's asthma hospital visits, and longer duration of heat waves doubled the odds of hospital visits. They did not observe any associations for nighttime heat waves.

According to Ye, "We continue to see global temperatures rise due to human-generated climate change, and we can expect a rise in health-related issues as we observe longer, more frequent and severe heat waves. Our research suggests that higher temperatures and increased duration of these high heat days are associated with increased risk of hospital visits due to asthma. Children and families with lower adaptation capacity will experience most of the burden. Therefore, it is important to obtain a better understanding of these heat-associated health risks and susceptible populations for future surveillance and targeted interventions."

The authors note that past research has suggested positive associations between extreme heat and asthma, but findings regarding hospitalizations and emergency room visits have been conflicting. Additionally, many other studies have focused on respiratory hospitalizations and not hospitalizations for asthma, specifically, and have not included or had a focus on children. This study is also unique because it investigated the effect of daily high temperatures but also the effects of persistent extreme temperatures.

The San Francisco Bay Area and California overall are unique areas of interest because the state is considered a coastal region with less prevalence of cooling units, such as air conditioners. While temperatures may not reach the extremes experienced in other parts of the country, this study demonstrates that even milder extreme heat temperatures may significantly impact health. These effects are more pronounced in climate-susceptible populations, including children and those who are medically vulnerable, such as those served by the urban pediatric health center in this study. The authors hope these study results will lead to more equitable health outcomes and reduce racial/ethnic disparities observed in climate-sensitive events.

"These results can be used to inform targeted actions and resources for vulnerable children and alleviate health-related stress during heat waves," they conclude.
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Exercise spurs neuron growth and rewires the brain, helping mice forget traumatic and addictive memories | ScienceDaily
Researchers from the University of Toronto, Canada, and Kyushu University, Japan, have found that increased neuron formation and the subsequent rewiring of neural circuits in the hippocampus through exercise or genetic manipulation helps mice forget traumatic or drug-associated memories. The findings, reported on May 8 in Molecular Psychiatry, could offer a new approach to treating mental health conditions like post-traumatic stress disorder (PTSD) or drug addiction.


						
PTSD is a mental health condition that can be triggered by experiencing or seeing a traumatic event, such as a natural disaster, serious accident, or attack. Worldwide, around 3.9% of the general population has PTSD, with symptoms including vivid flashbacks and avoidance behaviors, such as staying away from places or pushing away people that remind them of the traumatic event. Currently, PTSD is often treated through therapy or medications such as anti-depressants, but as many people do not respond effectively, researchers are still looking for different treatments.

In this study on mice, Assistant Professor Risako Fujikawa from Kyushu University's Faculty of Pharmaceutical Sciences, her former supervisor Professor Paul Frankland from the University of Toronto, and their team members including Adam Ramsaran focused on how neurogenesis -- the process of forming new neurons -- in the hippocampus impacts the ability to forget fear memories. The hippocampus, a brain region important for forming memories linked to specific places and contexts, produces new neurons daily in an area called the dentate gyrus.

"Neurogenesis is important for forming new memories but also for forgetting memories. We think this happens because when new neurons integrate into neural circuits, new connections are forged and older connections are lost, disrupting the ability to recall memories," explains Fujikawa. "We wanted to see if this process could help mice forget stronger, traumatic memories too."

The researchers gave mice two strong shocks in different settings. First, the mice were shocked after leaving a brightly-lit, white box and entering a dark, ethanol-scented compartment. After the second shock in another distinct environment, the mice showed PTSD-like behaviors. Over a month later, the mice were still fearful and hesitant to enter the original dark compartment, indicating they couldn't forget the traumatic memory. This fear extended to other dark compartments, showing generalized fear. Additionally, the mice explored less in open spaces and avoided the center, suggesting anxiety.

The researchers then explored whether these PTSD-like behaviors could be alleviated through exercise, which studies had shown boosted neurogenesis. The double-shocked mice were split into two groups and one group was provided with a running wheel. Four weeks later, these mice showed increased numbers of newly-formed neurons in their hippocampi, and importantly, the PTSD-like behaviors were less severe, compared to the double-shocked mice without wheel access.

Furthermore, when the mice were free to exercise before the second shock, it also prevented some PTSD-like behaviors from developing.




However, since exercise impacts the brain and body in many different ways, it wasn't clear whether the effect of exercise was due to hippocampal circuit rewiring by neurogenesis, or other factors. The researchers therefore used two different genetic approaches to assess the impact of newborn neuron integration into the hippocampus, exclusively.

Firstly, the researchers used a technique called optogenetics, where they added light-sensitive proteins to newly-formed neurons in the dentate gyrus, allowing the neurons to be activated by light. When they shone blue light on these cells, the new neurons matured faster. After 14 days, the neurons had grown longer, had more branches, and integrated more quickly into the neural circuits of the hippocampus.

In the second approach, the research team used genetic engineering to remove a protein in the newly-formed neurons that slows down neuron growth. This also resulted in the neurons growing faster and increased incorporation into neural circuits.

Both these genetic approaches reduced PTSD-like symptoms in mice after double-shocking and shortened the time taken for the mice to forget the fear memory. However, the researchers found that the effect was weaker than they saw with exercise, and did not reduce the level of the mice's anxiety.

"It could be that the neurogenesis and the re-modeling of the hippocampus circuits disrupt fear memory, but have less effect on mood or emotions," suggests Fujikawa. "Exercise also has broader physiological effects, which may contribute to the stronger outcomes seen."

Finally, the research team explored whether increased neurogenesis and hippocampus re-modeling could also help in other mental disorders where memory plays an important role, such as substance use disorders. For people battling drug dependency, relapse often happens when reminders, like being in a similar environment where the drug was used, trigger powerful cravings.




The researchers placed mice in a cage with two rooms. In one room, the mice were given a saline solution and in the other room, they were given cocaine. Afterward, when given free access to both rooms, the mice spent more time in the room in which they had received cocaine.

However, when the researchers used exercise and genetic methods to boost neurogenesis and hippocampus re-modeling, they found that the mice stopped showing a preference for the room where they had taken cocaine, suggesting the mice had forgotten the link between the room and the drug.

For future research, Risako is planning to find a drug that can boost neurogenesis or hippocampus re-modeling, in the hopes that it could be tested as a potential treatment for PTSD and drug dependence. However, she also stressed the importance of exercise.

"In our experiments, exercise had the most powerful impact on reducing symptoms of PTSD and drug dependence in mice, and clinical studies in humans also show it is effective," says Risako. "I think this is the most important takeaway."
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Study offers new detail on how COVID-19 affects the lungs | ScienceDaily
In some severe cases of COVID-19, the lungs undergo extreme damage, resulting in a range of life-threatening conditions like pneumonia, inflammation, and acute respiratory distress syndrome. The root cause of those wide-ranging reactions in the lungs has until now remained unclear.


						
A new study by researchers at Columbia and the Columbia University Irving Medical Center sheds light on this mystery. The study found that ferroptosis, a form of cell death first named and identified at Columbia in 2012, is the major cell death mechanism that underlies COVID-19 lung disease. The finding indicates that deliberately halting ferroptosis with therapeutic drug candidates could improve COVID-19 outcomes.

"This finding adds crucial insight to our understanding of how COVID-19 affects the body that will significantly improve our ability to fight life-threatening cases of the disease," said professor Brent Stockwell, one of the study's lead authors.

Ferroptosis was first reported by professor Stockwell in 2012. Ferroptosis is an unusual form of cell death in which certain cells die because their outer fat layers collapse. It differs from the most common kind of cell death, which occurs both in disease contexts and in normal processes like aging and involves cells chopping up the molecules in their interior.

Since proposing the concept of ferroptosis, Stockwell's lab has demonstrated that it is instrumental to normal bodily processes, but that it can also attack and kill healthy cells in patients with neurodegenerative diseases like Parkinson's, Alzheimer's, and Lou Gehrig's disease.

Though ferroptosis can be destructive, recent studies indicate that it could also be harnessed for good. Intentionally inducing ferroptosis could counteract diseases like cancer where rampant cell growth is dangerously occurring. The ability to inhibit ferroptosis, on the other hand, could offer doctors new ways of combating cell death that should not be occurring, as in the case of COVID-19 lung disease.

"We're hopeful that these important new findings could improve our ability to confront this pernicious disease, which, in too many cases, still diminishes health outcomes and results in death," Stockwell said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240520122754.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Body's 'message in a bottle' delivers targeted cancer treatment | ScienceDaily
Researchers at Karolinska Institutet in Sweden have succeeded in delivering targeted cancer treatment via small membrane bubbles that our cells use to communicate. A new study published in Nature Biomedical Engineering shows that the treatment reduces tumour growth and improves survival in mice.


						
When our cells communicate, they send out small membrane bubbles known as extracellular vesicles which contain various signalling molecules. Interest in these tiny bubbles, sometimes referred to as the body's 'message in a bottle', has increased in recent years as they could be used to deliver medicines.

Antibodies seek out tumours

Researchers at Karolinska Institutet have now created a targeted cancer treatment by loading these bubbles with a chemotherapeutic drug and attaching antibodies against tumours to their surface. In addition to targeting tumour cells, the antibodies act as a form of immunotherapy, resulting in an enhanced therapeutic effect. The treatment reduced tumour growth and improved survival when given as an injection to mice with breast cancer or melanoma.

"By attaching different antibodies to extracellular vesicles, we can target them to virtually any tissue and we can load them with other types of drugs as well," says Oscar Wiklander, physician and researcher at the Department of Laboratory Medicine, Karolinska Institutet, and joint first author with Doste Mamand, researcher at the same department. "Therefore, the treatment has the potential to be used against other diseases and cancer types."

More effective and fewer side effects

The hope is that the new treatment will be more specific and effective in eliminating tumour cells without affecting healthy tissue, compared to current treatment strategies. The researchers plan to investigate whether different combinations of antibodies and drugs can further improve treatment.

"Among other things, we want to investigate the possibility of delivering mRNA as an anticancer drug," says the study's last author Samir EL Andaloussi, Professor at the Department of Laboratory Medicine, Karolinska Institutet. "Ultimately, we hope this can lead to a new treatment platform that can improve treatment efficacy and reduce side effects in difficult-to-treat diseases, especially cancer."

The research was mainly funded by the Swedish Cancer Society, the Swedish Research Council, the European Research Council (ERC) and CIMED. Several of the authors have a financial interest in Evox Therapeutics.
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New mechanisms behind antibiotic resistance | ScienceDaily
Two newly discovered mechanisms in bacteria have been identified that can contribute to the development of antibiotic resistance. Changing the number of copies of resistance genes in bacteria increases antibiotic resistance, and can do so very quickly. According to a new study from Uppsala University published in Nature Communications, these two mechanisms, along with a third known mechanism, can occur independently of each other, even within the same bacterial cell.


						
The researchers studied heteroresistance, a phenomenon in which the majority of bacteria in a population are sensitive to antibiotics but a very small subpopulation of bacteria exhibits increased antibiotic resistance. Typically, this involves very small numbers of resistant bacteria (around 1 in 100,000) that can continue to grow despite antibiotic treatment. Heteroresistance is a common and concerning phenomenon, as it is difficult to treat and risks accelerating the development of antibiotic-resistant bacteria, complicating antibiotic treatment for patients.

"It was completely unknown until now that these mechanisms could promote heteroresistance. Our study shows that they can accelerate the selection and growth of resistant bacteria during antibiotic treatment. This study, which partly involved animals, makes it more relevant to understanding these processes in humans," says Helen Wang, the last author of the study.

Bacteria can spread resistance genes to each other through plasmids. Plasmids are small free-standing DNA rings in which bacteria frequently store some of their genes outside the chromosome. In this study, researchers revealed two new mechanisms involving plasmids, in which the number of copies of plasmids carrying resistance genes can increase up to 90 times. The study demonstrates that these two mechanisms and a third known mechanism involving gene amplification, can operate in parallel in the same bacterial cell.

"Heteroresistance involving an increased number of copies of resistance genes is much more complex than previously thought. Bacteria can actually use three different mechanisms, all of which can occur in parallel in the same bacterium, to temporarily increase the number of copies of resistance genes and thereby generate antibiotic resistance," says Herve Nicoloff, the study's first author.

"All three mechanisms are unstable and can quickly revert to sensitivity in the absence of antibiotics. This makes it more difficult to detect the resistant bacteria during a clinical examination, as they disappear so quickly. Given what we now know, it is important to be able to develop better diagnostic methods that can detect increased antibiotic resistance," adds Helen Wang.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240520122741.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Robot-phobia could exacerbate hotel, restaurant labor shortage | ScienceDaily
Using more robots to close labor gaps in the hospitality industry may backfire and cause more human workers to quit, according to a Washington State University study.


						
The study, involving more than 620 lodging and food service employees, found that "robot-phobia" -- specifically the fear that robots and technology will take human jobs -- increased workers' job insecurity and stress, leading to greater intentions to leave their jobs. The impact was more pronounced with employees who had real experience working with robotic technology. It also affected managers in addition to frontline workers. The findings were published in theInternational Journal of Contemporary Hospitality Management.

"The turnover rate in the hospitality industry ranks among the highest across all non-farm sectors, so this is an issue that companies need to take seriously," said lead author Bamboo Chen, a hospitality researcher in WSU's Carson College of Business. "The findings seem to be consistent across sectors and across both frontline employees and managers. For everyone, regardless of their position or sector, robot-phobia has a real impact."

Food service and lodging industries were hit particularly hard by the pandemic lockdowns, and many businesses are still struggling to find enough workers. For example, the accommodation workforce in April 2024 was still 9.2% below what it was in February 2020, according to U.S. Bureau of Labor Statistics. The ongoing labor shortage has inspired some employers to turn to robotic technology to fill the gap.

While other studies have focused on customers' comfort with robots, this study focuses on how the technology impacted hospitality workers. Chen and WSU colleague Ruying Cai surveyed 321 lodging and 308 food service employees from across the U.S., asking a range of questions about their jobs and attitudes toward robots. The survey defined "robots" broadly to include a range of robotic and automation technologies, such as human-like robot servers and automated robotic arms as well as self-service kiosks and tabletop devices.

Analyzing the survey data, the researchers found that having a higher degree of robot-phobia was connected to greater feelings of job insecurity and stress -- which were then correlated with "turnover intention" or workers' plans to leave their jobs. Those fears did not decrease with familiarity: employees who had more actual engagement with robotic technology in their daily jobs had higher fears that it would make human workers obsolete.

Perception also played a role. The employees who viewed robots as being more capable and efficient also ranked higher in turnover intention.

Robots and automation can be good ways to help augment service, Chen said, as they can handle tedious tasks humans typically do not like doing such as washing dishes or handling loads of hotel laundry. But the danger comes if the robotic additions cause more human workers to quit. The authors point out this can create a "negative feedback loop" that can make the hospitality labor shortage worse.

Chen recommended that employers communicate not only the benefits but the limitations of the technology -- and place a particular emphasis on the role human workers play.

"When you're introducing a new technology, make sure not to focus just on how good or efficient it will be. Instead, focus on how people and the technology can work together," he said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240520122738.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists uncover promising treatment target for resistant brain cancer | ScienceDaily
For many patients with a deadly type of brain cancer called glioblastoma, chemotherapy resistance is a big problem.


						
Current standard treatments, including surgery, radiation, and chemotherapy using the drug temozolomide, have limited effectiveness and have not significantly changed in the past five decades. Although temozolomide can initially slow tumor progression in some patients, typically the tumor cells rapidly become resistant to the drug.

But now, Virginia Tech researchers with the Fralin Biomedical Research Institute at VTC may have moved a step closer to a solution.

Working with glioblastoma cell cultures, including glioblastoma stem cells derived from patient specimens, and laboratory mouse models harboring human cancer cells, scientists have pinpointed an effective molecular signaling pathway that is thought to be crucial for cancer cell survival during temozolomide treatment. The findings are now online in iScience, an open-access journal of Cell Publishing.

"In the past 50 years, treatment options for glioblastoma have remained largely unchanged, relying on surgery, radiation, and temozolomide," said Zhi Sheng, senior author of the study and assistant professor at the Fralin Biomedical Research Institute. "However, temozolomide's effectiveness is limited, and resistance to the chemotherapy inevitably develops in patients. Since it's the only currently available approved chemotherapy that can effectively reach the brain, finding ways to restore its effectiveness is crucial in addressing the treatment failure in glioblastoma."

Researchers examined the Phosphoinositide 3 Kinase (PI3K) molecular signaling pathway, which is like a communication system inside cells. It tells cells how to grow, survive, and divide. When this pathway is activated, it can promote cancer growth, so scientists and clinicians generally thought blocking it could be a way to treat cancer.

Their results have not been successful.




In the new research, Fralin Biomedical Research Institute scientists found that in some brain cancer patients who didn't respond to treatment, levels were high of a specific form of the signaling protein called PI3K-beta that helps regulate cellular processes.

When they blocked just PI3K-beta in cell cultures and mouse models harboring cancer cells, the tumor cells became more sensitive to temozolomide treatment. In addition, using a drug that blocks PI3K-beta along with the usual treatment slowed down the cancer cells' growth.

Researchers are uncertain why PI3K, in its various forms, are very similar in structure yet do different things in the body.

"The reason previous treatments targeting the PI3K pathway failed is because they didn't distinguish between PI3K-beta and its related proteins," Sheng said. "This research shows that PI3K-beta is specific to glioblastoma, making it the crucial target for effective treatment."

Going forward, overcoming the blood-brain barrier remains a hurdle for delivering P13K-beta inhibitors into the brain, which will be crucial for translating the findings into the clinic to help patients.

"We will resolve these issues in our future studies," Sheng said.

Co-first authors of the study are Kevin Pridham, a former postdoctoral associate at the Fralin Biomedical Research Institute, and Kasen Hutchings and Patrick Beck, two former medical students at the Virginia Tech Carilion School of Medicine who are pursuing their medical careers in radiology in Las Vegas and pediatrics in Philadelphia, respectively.

Cell specimens were provided by Carilion Clinic. Study results are in part based on data generated by The Cancer Genome Atlas Research Network, the Dependency Map, the Genotype-Tissue Expression, or the Chinese Glioma Genome Atlas. The research was supported by the National Institutes of Health.
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Significant gaps between science of obesity and the care patients receive | ScienceDaily
As research continues to produce evidence about the underlying causes of obesity and optimal strategies to treat and manage obesity have evolved, there are disparities in application of the latest scientific advances in the clinical care that people with obesity receive. Widespread adoption of current findings, consistency of care and expertise in obesity care varies by health care professional and institution. These findings are detailed in a new American Heart Association scientific statement, "Implementation of Obesity Science Into Clinical Practice," published today in the Association's flagship scientific journal Circulation.


						
"Obesity is undeniably a critical public health concern in the U.S. and around the world, affecting nearly all populations and straining our health care systems," said Deepika Laddu, Ph.D., FAHA, chair of the statement writing committee and a senior research scientist at Arbor Research Collaborative for Health in Ann Arbor, Michigan. "As a major risk factor for heart disease, obesity has significantly hindered progress in reducing heart disease rates. Despite advancements in understanding the complexities of obesity and newer treatment options, major gaps remain between obesity research and real-world implementation in clinical practice."

Studies show intensive lifestyle therapy is considerably more effective for weight loss than brief advice from a health care professional. However, general educational information is offered more frequently by health professionals rather than referrals to classes, programs or tangible resources for lifestyle changes. One study revealed that only 16% of health care professionals had working knowledge about evidence-based lifestyle treatments for obesity, including diet and nutrition, physical activity and intensive behavioral therapy referral. Other barriers to addressing weight loss are exacerbated by socioeconomic and racial or ethnic inequities. People of diverse races and ethnicities and people who are covered by Medicare or Medicaid are less likely to be referred to weight management programs or to have them covered by insurance.

The number of people living with obesity is increasing worldwide. For about 30 years, the prevalence of obesity in the United States and around the world has been escalating. Recent estimates indicate more than 40% of U.S. adults ages 20 and older are living with obesity, according to the U.S. Centers for Disease Control and Prevention.

Research has led experts to unlock the multifactorial causes of obesity, including sociological and physiological determinants of health. Treatments for obesity have also evolved with more strategies for lifestyle modifications, medication therapy and bariatric (weight-loss) surgery. However, each treatment approach comes with challenges.

"While significant strides have been made in advancing the science to help us understand obesity, there remains a considerable gap between what we know and what happens in the doctor's office," said Laddu. "Health care professionals and health care systems need to find better ways to put what we know about obesity into action so more people can get the right support and treatment. Adopting new technologies and telemedicine, making referrals to community-based weight management programs to encourage behavioral change, providing social support and increasing reach and access to treatments are just some of the promising methods we could implement to unlock successful, evidence-based obesity care."

Weight loss medications

Glucagon-like peptide-1 (GLP-1) agonists, such as high-dose semaglutide and tirzepatide, are the most recently FDA-approved medications for long-term weight management, and both are associated with an average weight loss of more than 10% at six months in clinical studies. However, despite half of adults in the U.S. meeting the BMI criteria for obesity and being eligible for these medications, a small proportion of this population is currently taking them. Until recently, the primary barriers to greater use of anti-obesity medications were lack of insurance coverage and high out-of-pocket costs for these medications.




Since the beginning of the Medicare (Part D) program in 2006, all medications taken for weight loss have been excluded from basic coverage. In March, the Centers for Medicare and Medicaid Services (CMS) determined that Medicare and Medicaid can cover the anti-obesity medication semaglutide when it is approved by the FDA for an additional use. That decision included high-dose semaglutide, which is FDA-approved for weight loss and to reduce the risk of cardiovascular death, heart attack and stroke in adults with cardiovascular disease and either obesity or overweight. State Medicaid programs, which provide health care coverage for people in low-income populations and who are disproportionately affected by obesity and heart disease, are required to cover nearly all FDA-approved anti-obesity medications for people meeting the health and body mass index (BMI) criteria. However, state health plans may require step therapy with other treatments or medications prior to approving use of GLP-1 medications.

"FDA approval and insurance coverage of the latest treatments, including GLP-1 medications, are integral to improving access to care and outcomes for people who need these therapies the most. This is especially true for high-risk, high-need patients for the prevention of adverse cardiovascular events. It is encouraging that these steps in increasing access may lead to reduced risk of CVD and improved outcomes for potentially millions of adults in the U.S.," said the scientific statement's Vice Chair Ian J. Neeland, M.D., FAHA, director of cardiovascular prevention, director of the Center for Integrated and Novel Approaches in Vascular-Metabolic Disease at University Hospitals Harrington Heart and Vascular Institute at Institute, and an associate professor of medicine at the Case Center for Diabetes, Obesity and Metabolism at Case Western Reserve University School of Medicine, both in Cleveland.

Weight loss surgery

In the decades since bariatric (weight loss) surgery was first introduced as an option for people with severe obesity, there have been advances in the expertise and safety of the procedures, as well as an increased understanding of the health benefits that often result after bariatric surgery. A comprehensive review of studies focused on weight loss surgeries showed that patients who underwent bariatric surgery had lower risks of cardiovascular disease and decreased risks for multiple other obesity-associated conditions, including Type 2 diabetes and high blood pressure. One challenge facing health care professionals is ensuring that the populations with the greatest needs have access to bariatric surgery in terms of costs, resources and social support.

The statement describes strategies that both address these challenges and improve how obesity-based research is incorporated into clinical care. The statement also identifies the need to develop solutions across populations in order to manage obesity at the community level. Potential improved public health policies and future research to expand patient care models and optimize the delivery and sustainability of equitable obesity-related care are suggested.

Specific approaches are highlighted in the statement to help bridge the gap between the science about obesity and clinical care, such as:
    	To reach and successfully impact populations in need, health care professionals may consider how social determinants of health, including insurance type, household income, race and ethnicity, environment, health literacy, access to health-promoting resources and social supports all influence the likelihood of successful patient treatment.
    	Education for health care professionals explaining the complex origins and clinical consequences of obesity is discussed. Such training should emphasize information about diagnosis, prevention and treatment of obesity. Despite the high prevalence of obesity around the world, there is a lack of education programs centered on obesity for medical professionals.
    	Further evaluation of health policy changes that health care systems and insurance plans can implement and scale in order to make obesity treatment affordable for patients, especially those at high risk for adverse outcomes such as cardiovascular disease.
    	A framework for delivering obesity care into clinical practice settings is reviewed, as well as efforts by some professional societies for developing interventions that make obesity treatment more accessible.

"The statement emphasizes the importance of a comprehensive approach across different levels of health care delivery and public policy, along with the adoption of feasible, evidence-based strategies in clinical settings," said Laddu. "It also underscores the need for future research and policy changes to improve current patient care models and ensure equitable access to obesity-related care for people in underrepresented groups."




The scientific statement also provides possible solutions for how to help people in their day-to-day lives, including interventions with digital technology and access through telemedicine. However, more research is needed in obesity science and treatment. Limited understanding of the cost-effectiveness of obesity prevention and the long-term health outcomes for established therapies has hindered the implementation of obesity science into clinical settings. Cross-collaborative obesity science research between stakeholders and health economists may serve as the bridge to developing and scaling cost-effective prevention programs.

Further research into Food Is Medicine approaches in health care, such as medically tailored meals and produce prescriptions, to prevent and treat cardiovascular disease and other diet-related diseases are also being explored in several settings including the Association's Health Care by FoodTM initiative.

This scientific statement was prepared by the volunteer writing group on behalf of the American Heart Association Obesity Committee of the Council On Lifestyle and Cardiometabolic Health; the Council on Epidemiology and Prevention; the Council on Clinical Cardiology, the Council on Hypertension; the Council on the Kidney in Cardiovascular Disease; and the Council on Cardiovascular and Stroke Nursing. American Heart Association scientific statements promote greater awareness about cardiovascular diseases and stroke issues and help facilitate informed health care decisions. Scientific statements outline what is currently known about a topic and what areas need additional research. While scientific statements inform the development of guidelines, they do not make treatment recommendations. American Heart Association guidelines provide the Association's official clinical practice recommendations.

Additional co-authors and members of the writing group are Mercedes Carnethon, Ph.D., FAHA; Fatima C. Stanford, M.D., M.P.H., M.P.A., M.B.A., FAHA; Morgana Mongraw-Chaffin, Ph.D., FAHA; Bethany Barone Gibbs, Ph.D., FAHA; Chiadi E. Ndumele, M.D., Ph.D., FAHA; Chris T. Longenecker, M.D., FAHA; Misook L. Chung, Ph.D., R.N., FAHA; and Goutham Rao, M.D.  
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Brain 'assembloids' mimic human blood-brain barrier | ScienceDaily
In a pioneering achievement, a research team led by experts at Cincinnati Children's have developed the world's first human mini-brain that incorporates a fully functional blood-brain barrier (BBB).


						
This major advance, published May 15, 2024, in Cell Stem Cell, promises to accelerate the understanding and improved treatment of a wide range of brain disorders, including stroke, cerebral vascular disorders, brain cancer, Alzheimer's disease, Huntington disease, Parkinson's disease, and other neurodegenerative conditions.

"Lack of an authentic human BBB model has been a major hurdle in studying neurological diseases," says lead corresponding author Ziyuan Guo, PhD, "Our breakthrough involves the generation of human BBB organoids from human pluripotent stem cells, mimicking human neurovascular development to produce a faithful representation of the barrier in growing, functioning brain tissue. This is an important advance because animal models we currently use in research do not accurately reflect human brain development and BBB functionality."

What is the blood-brain barrier?

Unlike the rest of our bodies, blood vessels in the brain feature an extra lining of tightly packed cells that sharply limit the size of molecules that can pass from the bloodstream into the central nervous system (CNS).

A properly functioning barrier maintains brain health by preventing the entry of harmful substances while allowing essential nutrients to reach the brain. However, that same barrier also prevents many potentially helpful medicines from reaching the brain. Also, several neurological disorders are caused, or worsened, when the blood-brain barrier forms improperly or begins breaking down.

Significant differences between human and animal brains have resulted in many hopeful new drugs that were developed relying heavily on animal models to fail later when tested in human study participants.




"Now, through stem cell bioengineering, we have developed an innovative platform based on human stem cells that allows us to study the intricate mechanisms governing BBB function and dysfunction. This provides unprecedented opportunities for drug discovery and therapeutic intervention," Guo says.

Overcoming a long-running challenge

Research teams worldwide have been racing to develop brain organoids -- tiny, growing 3D structures that mimic the early steps of brain formation. Unlike cell types grown flat in a lab dish, organoid cells are connected. They self-assemble into spherical forms. Their cells "talk" to each other like human cells normally do during fetal development.

Cincinnati Children's has been a leader in developing other types of organoids, including the world's first functional intestine, stomach and esophagus organoids. But until now, no research center had succeeded at making a brain organoid that features the special barrier lining found in human brain blood vessels.

The research team calls their new model "BBB assembloids." Their name reflects the advance that made the breakthrough possible. These assembloids combine two distinct types of organoids: brain organoids that replicate human brain tissue and blood vessel organoids that mimic vascular structures.

The combination process began with brain organoids measuring 3 to 4 millimeters in diameter and blood vessel organoids about 1 millimeter in diameter. Over the course of about a month, these separate structures fused into a single sphere measuring slightly more than 4 millimeters in diameter (about 1/8 of an inch, or roughly the size of a sesame seed).




These integrated organoids recreate many of the complex neurovascular interactions observed in the human brain, but they are not complete models of the brain. For example, the tissue does not contain immune cells and there are no connections to the rest of the body's nervous system.

Research teams at Cincinnati Children's have shown other successes at merging and layering organoids from different cell types to form more complex "next generation" organoids. Those successes helped inform the new brain organoid work.

Importantly, the BBB assembloids can be grown using neurotypical human stem cells or stem cells from people with specific brain diseases, thus reflecting gene variants and other conditions that can lead to a malfunctioning blood-brain barrier.

Initial proof of concept

To demonstrate the potential utility of the new assembloids, the researcher team used a line of patient-derived stem cells to make assembloids that accurately replicated key features of a rare brain condition called a cerebral cavernous malformation.

This genetic disorder, which is characterized by dysfunctional blood-brain barrier integrity, results in clusters of abnormal blood vessels in the brain that often resemble raspberries in their appearance. The disorder significantly increases risk of stroke.

"Our model accurately recapitulated the disease phenotype, offering new insights into the underlying molecular and cellular pathology of cerebral vascular disorders," Guo says.

Potential applications

The co-authors envision a variety of potential uses of BBB assembloids:
    	Personalized Drug Screening: Patient-derived BBB assembloids could serve as avatars to tailor therapies for patients based on their unique genetic and molecular profiles.
    	Disease Modeling: A number of neurovascular disorders, including rare and genetically complex conditions, lack good model systems for research. Success at making BBB assembloids could accelerate development of human brain tissue models for more conditions.
    	High-Throughput Drug Discovery: Scaling up assembloid production could allow more accurate, and more rapid analysis of whether potential brain medications can effectively cross the BBB.
    	Environmental Toxin Testing: Often based heavily on animal model systems, BBB assembloids could help evaluate the toxic effects of environmental pollutants, pharmaceuticals, and other chemical compounds.
    	Immunotherapy Development: Through investigating the role of the BBB in neuroinflammatory and neurodegenerative diseases, the new assembloids could support delivering immune-based therapies to the brain.
    	Bioengineering and Biomaterials Research: Biomedical engineers and materials scientists will likely benefit from having a lab model of the BBB to test novel biomaterials, drug delivery vehicles, and tissue engineering strategies.

"Overall, BBB assembloids represent a game-changing technology with broad implications for neuroscience, drug discovery, and personalized medicine," Guo says.

About the study

In addition to Guo, the co-first authors of the study were: Lan Dao, MS, and Lu Lu, PhD, from Cincinnati Children's; Tianyang Xu from UC San Diego; and Zhen You from the Mayo Clinic. Co-corresponding authors were Sheng Zhong, PhD, from UC San Diego and L. Frank Huang, PhD, from the Mayo Clinic.

Co-authors from Cincinnati Children's also included Avijite Kumer Sarkar, PhD, Hui Zhu, PhD, George Yoshida, BA, Yifei Miao, PhD, Sarah Mierke, MD, Srijan Kalva, Mingxia Gu, MD, PhD, and Sudhakar Vadivelu, MD. The Single Cell Genomics Facility at Cincinnati Children's and the NIH NeuroBioBank also provided key support to the research.

Guo and Dao have a pending patent application ("Vascularized brain organoids having a CCM-like feature and methods of making and use," U.S. Application no. 63/510,463) related to this research. Zhong is a founder of Genemo, Inc.
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New AI algorithm may improve autoimmune disease prediction and therapies | ScienceDaily
A new advanced artificial intelligence (AI) algorithm may lead to better -- and earlier -- predictions and novel therapies for autoimmune diseases, which involve the immune system mistakenly attacking their body's own healthy cells and tissues. The algorithm digs into the genetic code underlying the conditions to more accurately model how genes associated with specific autoimmune diseases are expressed and regulated and to identify additional genes of risk.


						
The work, developed by a team led by Penn State College of Medicine researchers, outperforms existing methodologies and identified 26% more novel gene and trait associations, the researchers said. They published their work today (May 20) in Nature Communications.

"We all carry some DNA mutations, and we need to figure out how any one of these mutations may influence gene expression linked to disease so we can predict disease risk early. This is especially important for autoimmune disease," said Dajiang Liu, distinguished professor, vice chair for research, and director of artificial intelligence and biomedical informatics at the Penn State College of Medicine and co-senior author of the study. "If an AI algorithm can more accurately predict disease risk, it means we can carry out interventions earlier."

Genetics often underpin disease development. Variations in DNA can influence gene expression, or the process by which the information in DNA is converted into functional products like a protein. How much or how little a gene is expressed can influence disease risk.

Genome-wide association studies (GWAS), a popular approach in human genetics research, can home in on regions of the genome associated with a particular disease or trait but can't pinpoint the specific genes that affect disease risks. It's like sharing your location with a friend with the precise location setting turned off on your smartphone -- the city might be obvious, but the address is obscured. Existing methods are also limited in the granularity of its analysis. Gene expression can be specific to certain types of cells. If the analysis doesn't distinguish between distinct cell types, the results may overlook real causal relationships between genetic variants and gene expression.

The research team's method, dubbed EXPRESSO for EXpression PREdiction with Summary Statistics Only, applies a more advanced artificial intelligence algorithm and analyzes data from single-cell expression quantitative trait loci, a type of data that links genetic variants to the genes they regulate. It also integrates 3D genomic data and epigenetics -- which measures how genes may be modified by environment to influence disease -- into its modeling. The team applied EXPRESSO to GWAS datasets for 14 autoimmune diseases, including lupus, Crohn's disease, ulcerative colitis and rheumatoid arthritis.

"With this new method, we were able to identify many more risk genes for autoimmune disease that actually have cell-type specific effects, meaning that they only have effects in a particular cell type and not others," said Bibo Jiang, assistant professor at the Penn State College of Medicine and senior author of the study.




The team then used this information to identify potential therapeutics for autoimmune disease. Currently, there aren't good long-term treatment options, they said.

"Most treatments are designed to mitigate symptoms, not cure the disease. It's a dilemma knowing that autoimmune disease needs long-term treatment, but the existing treatments often have such bad side effects that they can't be used for long. Yet, genomics and AI offer a promising route to develop novel therapeutics," said Laura Carrel, professor of biochemistry and molecular biology at the Penn State College of Medicine and co-senior author of the study.

The team's work pointed to drug compounds that could reverse gene expression in cell types associated with an autoimmune disease, such as vitamin K for ulcerative colitis and metformin, which is typically prescribed for type 2 diabetes, for type 1 diabetes. These drugs, already approved by the Food and Drug Administration as safe and effective for treating other diseases, could potentially be repurposed.

The research team is working with collaborators to validate their findings in a laboratory setting and, ultimately, in clinical trials.

Lida Wang, a doctoral student in the biostatistics program, and Chachrit Khunsriraksakul, who earned a doctorate in bioinformatics and geonomics in 2022 and his medical degree in May from Penn State, co-led the study. Other Penn State College of Medicine authors on the paper include: Havell Markus, who is pursuing a doctorate and a medical degree; Dieyi Chen, doctoral candidate; Fan Zhang, graduate student; and Fang Chen, postdoctoral scholar. Xiaowei Zhan, associate professor at UT Southwestern Medical Center, also contributed to the paper.

Funding from the National Institutes of Health (grant numbers R01HG011035, R01AI174108 and R01ES036042) and the Artificial Intelligence and Biomedical Informatics pilot grant from the Penn State College of Medicine supported this work.
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Better medical record-keeping needed to fight antibiotic overuse | ScienceDaily
A lack of detailed record-keeping in clinics and emergency departments may be getting in the way of reducing the inappropriate use of antibiotics, a pair of new studies by a pair of University of Michigan physicians and their colleagues suggests.


						
In one of the studies, about 10% of children and 35% of adults who got an antibiotic prescription during an office visit had no specific reason for the antibiotic in their record.

The rate of this type of prescribing is especially high in adults treated seen in emergency departments and in adults seen in clinics who have Medicaid coverage or no insurance, the studies show. But the issue also occurs in children.

Without information about what drove these inappropriate prescriptions, it will be even harder for clinics, hospitals and health insurers to take steps to ensure that antibiotics are prescribed only when they're really needed, the researchers say.

Overuse and misuse of antibiotics raise the risk that bacteria will evolve to resist the drugs and make them less useful for everyone. Inappropriately prescribed antibiotics may also end up doing more harm than good to patients.

"When clinicians don't record why they are prescribing antibiotics, it makes it difficult to estimate how many of those prescriptions are truly inappropriate, and to focus on reducing inappropriate prescribing," said Joseph Ladines-Lim, M.D., Ph.D., first author of both of the new studies and a combined internal medicine/pediatrics resident at Michigan Medicine, U-M's academic medical center.

"Our studies help contextualize the estimates of inappropriate prescribing that have been published previously," he added. "Those estimates don't distinguish between antibiotic prescriptions that are considered inappropriate due to inadequate coding and antibiotic prescriptions truly prescribed for a condition that they can't treat."

Ladines-Lim worked with U-M pediatrician and health care researcher Kao-Ping Chua, M.D., Ph.D., on the new studies. The one on outpatient prescribing by insurance status is in the Journal of General Internal Medicine and the one on trends in emergency department prescribing is in Antimicrobial Stewardship and Healthcare Epidemiology. 




Building on previous research

Chua and colleagues recently published findings about trends in inappropriate antibiotic prescribing in outpatients under age 65, suggesting about 25% were inappropriate. But that number includes antibiotic prescriptions written for infectious conditions that antibiotics don't help, such as colds, and antibiotic prescriptions that aren't associated with any diagnoses that could be a plausible antibiotic indication.

The new studies add more nuance to that finding, by looking more closely at these two different types of inappropriate prescriptions.

Most antibiotic stewardship efforts to date have focused on reducing the use of the first type of inappropriate prescription -- those written for infectious but antibiotic-inappropriate conditions like colds. The new studies show such patients still account for 9% to 22% of all antibiotic prescriptions, depending on the setting and age group.

But since doctors and other prescribers aren't required to run a test for a bacterial infection or list a specific diagnosis in order to prescribe antibiotics, symptoms provide potential clues to why they might have written a prescription anyway.

So some of those 9% to 22% of all people receiving antibiotics may have also had a secondary bacterial infection that the clinician suspected based on symptoms.




However, it's impossible to know.

As for those with no infection-related diagnoses or symptoms in their records who got antibiotics, the researchers suggest that clinicians may not have bothered to add these diagnoses or symptoms to the patient record inadvertently -- or even deliberately, to try to avoid the scrutiny of antibiotic watchdogs.

But the researchers also speculate that the lower rate of diagnosis documentation in patients in the healthcare safety net may also have to do with the way healthcare organizations are reimbursed.

Often, clinics and hospitals receive a fixed amount from Medicaid to care for all their patients with that type of coverage. So they aren't incentivized to create records that are as detailed as for privately insured patients, whose care traditionally is reimbursed under a fee-for-service model.

"This could actually be a matter of health equity if people with low incomes or no insurance are being treated differently when it comes to antibiotics," says Ladines-Lim, who has also studied antibiotic use related to immigrant and asylum-seeker health and will soon begin a fellowship in infectious diseases.

He said that private and public insurers, and health systems, may need to incentivize accurate diagnosis coding for antibiotic prescriptions -- or at least make it easier for providers to document why they're giving them.

That might even include steps such as requiring providers to record the reason for antibiotic prescribing before prescriptions can be sent to pharmacies through electronic health record systems.

After all, Ladines-Lim said, physicians often have to list a diagnosis that justifies tests they order, such as CT scans or x-rays. With antibiotic resistance posing an international threat to patients who have antibiotic-susceptible conditions, similar steps to justify prescriptions of antibiotics might be advisable.

In addition to Ladines-Lim and Chua, the other authors of the two articles are Michael A. Fischer, M.D., M.S. of Boston Medical Center and Boston University, and Jeffrey A. Linder, M.D., M.P.H. of Northwestern University Feinberg School of Medicine.

The research was funded by a Resident Research Grant from the American Academy of Pediatrics, a Physician Investigator Award from Blue Cross Blue Shield Foundation of Michigan, and a Research Grant from the National Med-Peds Residents' Association.
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        Planet hunters unveil massive catalog of strange worlds
        While thousands of planets have been discovered around other stars, relatively little is known about them. A NASA catalog featuring 126 exotic, newly discovered worlds includes detailed measurements that allow for comparisons with our own solar system.

      

      
        Potentially habitable 'exo-Venus' with Earth-like temperature discovered
        Astronomers have made the rare and tantalizing discovery of an Earth-like exoplanet 40 light-years away that may be just a little warmer than our own world. The potentially-habitable planet, named Gliese 12 b, orbits its host star every 12.8 days, is comparable in size to Venus -- so slightly smaller than Earth -- and has an estimated surface temperature of 42 C (107 F), which is lower than most of the 5,000-odd exoplanets confirmed so far. That is assuming it has no atmosphere, however, which is...

      

      
        Cement recycling method could help solve one of the world's biggest climate challenges
        Researchers have developed a method to produce very low emission concrete at scale -- an innovation that could be transformative in the transition to net zero. The method, which the researchers say is 'an absolute miracle', uses the electrically-powered arc furnaces used for steel recycling to simultaneously recycle cement, the carbon-hungry component of concrete.

      

      
        Using wobbling stellar material, astronomers measure the spin of a supermassive black hole for the first time
        Astronomers have a new way to measure how fast a black hole spins, by using the wobbly aftermath from its stellar feasting. The results offer a new way to probe supermassive black holes and their evolution across the universe.

      

      
        Adhesive coatings can prevent scarring around medical implants
        Engineers have found a way to eliminate the buildup of scar tissue around implantable devices, by coating them with a hydrogel adhesive. The material binds the device to tissue and prevents the immune system from attacking the device.

      

      
        The origin of the sun's magnetic field could lie close to its surface
        Surprise findings suggest sunspots and solar flares could be generated by a magnetic field within the Sun's outermost layers. If confirmed, the findings could help scientists better predict space weather.

      

      
        Promethium bound: Rare earth element's secrets exposed
        Scientists have uncovered the properties of a rare earth element that was first discovered 80 years ago at the very same laboratory, opening a new pathway for the exploration of elements critical in modern technology, from medicine to space travel.

      

      
        Under extreme impacts, metals get stronger when heated, study finds
        Scientists have discovered that when metal is struck by an object moving at a super high velocity, the heat makes the metal stronger. The finding could lead to new approaches to designing materials for extreme environments, such as shields that protect spacecraft or equipment for high-speed manufacturing.

      

      
        New AI accurately predicts fly behavior
        Researchers trained an AI model to accurately predict male fruit flies' courtship behavior in response to any sight of a female. This breakthrough offers new insight into how the brain processes visual data and may someday pave the way for artificial vision technology.

      

      
        Strings that can vibrate forever (kind of)
        Researchers have engineered string-like resonators capable of vibrating longer at ambient temperature than any previously known solid-state object -- approaching what is currently only achievable near absolute zero temperatures. Their study pushes the edge of nanotechnology and machine learning to make some of the world's most sensitive mechanical sensors.

      

      
        'Fossilizing' cracks in infrastructure creates sealing that can even survive earthquakes
        In a new study, a team of researchers used research on fossilizing techniques to create a new method for sealing cracks and fractures in rocks and bedrock using a 'concretion-forming resin'. This innovative technique has applications in a wide range of industries, from tunnel construction to long-term underground storage of hazardous materials.

      

      
        Flexible film senses nearby movements -- featured in blink-tracking glasses
        I'm not touching you! When another person's finger hovers over your skin, you may get the sense that they're touching you, feeling not necessarily contact, but their proximity. Similarly, researchers have designed a soft, flexible film that senses the presence of nearby objects without physically touching them. The study features the new sensor technology to detect eyelash proximity in blink-tracking glasses.

      

      
        Streamlined microcomb design provides control with the flip of a switch
        Researchers describe new microcomb lasers they have developed that overcome previous limitations and feature a simple design that could open the door to a broad range of uses.

      

      
        Ethylene from CO2: Building-kit catalyst
        Use of the greenhouse gas CO2 as a chemical raw material would not only reduce emissions, but also the consumption of fossil feedstocks. A novel metal-free organic framework could make it possible to electrocatalytically produce ethylene, a primary chemical raw material, from CO2. Nitrogen atoms with a particular electron configuration play a critical role for the catalyst.

      

      
        New crystal production method could enhance quantum computers and electronics
        Scientists describe a new method to make very thin crystals of the element bismuth -- a process that may aid the manufacturing of cheap flexible electronics an everyday reality.

      

      
        Recycling carbon dioxide into household chemicals
        Scientists report a family of tin-based catalysts that efficiently converts CO2 into ethanol, acetic acid and formic acid. These liquid hydrocarbons are among the most produced chemicals in the U.S and are found in many commercial products.

      

      
        Cosmic rays illuminate the past
        Researchers have for the first time been able to pin down a prehistoric settlement of early farmers in northern Greece dating back more than 7,000 years to the year. For this they combined annual growth ring measurements on wooden building elements with the sudden spike of cosmogenic radiocarbon in 5259 BC. This provides a reliable chronological reference point for many other archaeological sites in Southeast Europe.

      

      
        Batteries: Modeling tomorrow's materials today
        Which factors determine how quickly a battery can be charged? Microstructural models have helped researchers discover and investigate new electrode materials. When sodium-nickel-manganese oxide is used as cathode material in sodium-ion batteries, simulations reveal modifications of the crystal structure during charging. These modifications lead to an elastic deformation, as a result of which capacity decreases.

      

      
        Complete Stellar Collapse: Unusual star system proves that stars can die quietly
        University of Copenhagen astrophysicists help explain a mysterious phenomenon, whereby stars suddenly vanish from the night sky. Their study of an unusual binary star system has resulted in convincing evidence that massive stars can completely collapse and become black holes without a supernova explosion.

      

      
        3D printing robot creates extreme shock-absorbing shape, with help of AI
        See how an autonomous robot created a shock-absorbing shape no human ever could -- and what it means for designing safer helmets, packaging, car bumpers, and more.

      

      
        Improving statistical methods to protect wildlife populations
        In human populations, it is relatively easy to calculate demographic trends and make projections of the future if data on basic processes such as births and immigration is known. The data, given by individuals, can be also death and emigration, which subtract. In the wild, on the other hand, understanding the processes that determine wildlife demographic patterns is a highly complex challenge for the scientific community. Although a wide range of methods are now available to estimate births and d...

      

      
        How AI helps programming a quantum computer
        Researchers have unveiled a novel method to prepare quantum operations on a given quantum computer, using a machine learning generative model to find the appropriate sequence of quantum gates to execute a quantum operation. The study marks a significant step forward in unleashing the full extent of quantum computing.

      

      
        AI can help improve ER admission decisions
        Generative artificial intelligence (AI), such as GPT-4, can help predict whether an emergency room patient needs to be admitted to the hospital even with only minimal training on a limited number of records. In the retrospective study, the researchers analyzed records from seven hospitals, using both structured data, such as vital signs, and unstructured data, such as nurse triage notes, from more than 864,000 emergency room visits while excluding identifiable patient data.

      

      
        Math discovery provides new method to study cell activity, aging
        New mathematical tools revealing how quickly cell proteins break down are poised to uncover deeper insights into how we age, according to a recently published paper.

      

      
        Researchers introduce programmable materials to help heal broken bones
        Natural materials like bone, bird feathers and wood have an intelligent approach to physical stress distribution, despite their irregular architectures. However, the relationship between stress modulation and their structures has remained elusive. A new study that integrates machine learning, optimization, 3D printing and stress experiments allowed engineers to gain insight into these natural wonders by developing a material that replicates the functionalities of human bone for orthopedic femur r...

      

      
        Powering wearable devices with high-performing carbon nanotube yarns
        Carbon nanotube (CNT) yarns are promising for flexible and fabric-type wearable materials that can convert waste heat into thermoelectricity. To improve the thermoelectric properties of CNT yarns, researchers dispersed CNT filaments in a highly viscous glycerol, enabling the production of CNT yarn with highly aligned bundles together with surfactants that prevent increased thermal conductivity. This innovative approach can significantly improve carbon nanotube-based thermoelectric materials, maki...

      

      
        By listening, scientists learn how a protein folds
        By converting their data into sounds, scientists discovered how hydrogen bonds contribute to the lightning-fast gyrations that transform a string of amino acids into a functional, folded protein. Their report offers an unprecedented view of the sequence of hydrogen-bonding events that occur when a protein morphs from an unfolded to a folded state.

      

      
        Can coal mines be tapped for rare earth elements?
        A team of geologists analyzed 3,500 samples taken in and around coal mines in Utah and Colorado. Their findings open the possibility that these mines could see a secondary resource stream in the form of rare earth metals used in renewable energy and numerous other high-tech applications.

      

      
        Evolving market dynamics foster consumer inattention that can lead to risky purchases
        Researchers have developed a new theory of how changing market conditions can lead large numbers of otherwise cautious consumers to buy risky products such as subprime mortgages, cryptocurrency or even cosmetic surgery procedures.

      

      
        AI chips could get a sense of time
        Artificial neural networks may soon be able to process time-dependent information, such as audio and video data, more efficiently.

      

      
        World leaders still need to wake up to AI risks
        Leading AI scientists are calling for stronger action on AI risks from world leaders, warning that progress has been insufficient since the first AI Safety Summit six months ago. Then, the world's leaders pledged to govern AI responsibly. However, twenty-five of the world's leading AI scientists say not enough is actually being done to protect us from the technology's risks.

      

      
        Webb Telescope offers first glimpse of an exoplanet's interior
        A surprisingly low amount of methane and a super-sized core hide within the cotton candy -- like planet WASP-107 b.

      

      
        Blueprints of self-assembly
        Scientists have taken a step closer to replicating nature's processes of self-assembly. The study describes the synthetic construction of a tiny, self-assembled crystal known as a 'pyrochlore,' which bears unique optical properties. The advance provides a steppingstone to the eventual construction of sophisticated, self-assembling devices at the nanoscale -- roughly the size of a single virus.

      

      
        Seeking stronger steel, systematic look at 120 combinations of alloy elements provides clues
        Investigating ways to create high-performance steel, a research team used theoretical calculations on 120 combinations of 12 alloy elements, such as aluminum and titanium, with carbon and nitrogen, while also systematically clarifying the bonding mechanism.

      

      
        2D materials: A catalyst for future quantum technologies
        Researchers have discovered that a 'single atomic defect' in a layered 2D material can hold onto quantum information for microseconds at room temperature. This underscores the broader potential of 2D materials in advancing quantum technologies.

      

      
        Robot-phobia could exacerbate hotel, restaurant labor shortage
        Using more robots to close labor gaps in the hospitality industry may backfire and cause more human workers to quit, according to a new study. The study, involving more than 620 lodging and food service employees, found that 'robot-phobia' -- specifically the fear that robots and technology will take human jobs -- increased workers' job insecurity and stress, leading to greater intentions to leave their jobs. The impact was more pronounced with employees who had real experience working with robot...

      

      
        Extreme complexity in formation of rare earth mineral vital for tech industry
        Researchers have unveiled that myriad, intricate factors influence the genesis and chemistry of bastnasite and rare earth carbonates, which are critically needed for today's tech industry and its hardware outputs. Their work unveils a newly acquired depth of understanding that had previously been unexplored in this field. In combination, the findings mark a significant advancement and promise to reshape our understanding of rare earth mineral formation.

      

      
        Expanding on the fundamental principles of liquid movement
        We are living in a world surrounded by liquid and flow, and understanding the principles that govern its movement is vital in our high-tech world. Through mathematical modeling and experimentation, researchers have expanded on Tanner's Law -- a law in fluid dynamics that describes how non-volatile liquids move across surfaces -- to cover a wider range of volatile liquids. These findings have the potential to play a role in various liquid-based industries such as electronics cooling.

      

      
        New AI algorithm may improve autoimmune disease prediction and therapies
        A new advanced artificial intelligence (AI) algorithm more accurately model how genes associated with specific autoimmune diseases are expressed and regulated and to identify additional genes of risk. The method outperforms existing methodologies and identified 26% more novel gene and trait associations.

      

      
        Ion irradiation offers promise for 2D material probing
        Two-dimensional materials such as graphene promise to form the basis of incredibly small and fast technologies, but this requires a detailed understanding of their electronic properties. New research demonstrates that fast electronic processes can be probed by irradiating the materials with ions first.

      

      
        Physicists propose path to faster, more flexible robots
        Physicists revealed a microscopic phenomenon that could greatly improve the performance of soft devices, such as agile flexible robots or microscopic capsules for drug delivery.

      

      
        Magnetic imprint on deconfined nuclear matter
        Scientists have the first direct evidence that the powerful magnetic fields created in off-center collisions of atomic nuclei induce an electric current in 'deconfined' nuclear matter. The study used measurements of how charged particles are deflected when they emerge from the collisions. The study provides proof that the magnetic fields exist and offers a new way to measure electrical conductivity in quark-gluon plasma.

      

      
        Can we revolutionize the chemical industry and create a circular economy? Yes, with the help of catalysts
        A new commentary paper puts forth a transformative solution to the unsustainable reliance on fossil resources by the chemical industry: catalysis to leverage sustainable waste resources, ushering the industry from a linear to a circular economy.

      

      
        New data-driven model rapidly predicts dehydrogenation barriers in solid-state materials
        Researchers have developed a groundbreaking data-driven model to predict the dehydrogenation barriers of magnesium hydride, a promising material for solid-state hydrogen storage. This advancement holds significant potential for enhancing hydrogen storage technologies, a crucial component in the transition to sustainable energy solutions.

      

      
        Diamond glitter: A play of colors with artificial DNA crystals
        Using DNA origami, researchers have built a diamond lattice with a periodicity of hundreds of nanometers -- a new approach for manufacturing semiconductors for visible light.

      

      
        New AI tool to help beat brain tumors
        A new AI tool to more quickly and accurately classify brain tumors has been developed.

      

      
        Deep-sea sponge's 'zero-energy' flow control could inspire new energy efficient designs
        The deep-sea Venus flower basket sponge can filter feed using only the faint ambient currents of the ocean depths, no pumping required, new research reveals. This discovery of natural 'zero energy' flow control could help engineers design more efficient chemical reactors, air purification systems, heat exchangers, hydraulic systems, and aerodynamic surfaces.

      

      
        A powerful tool speeds success in achieving highly efficient thermoelectric materials
        Thermoelectric materials could play an important role in the clean energy transition, as they can produce electricity from sources of heat that would otherwise go to waste. Researchers report a new approach to efficiently predict when thermoelectric materials will have improved performance in converting heat into electricity.

      

      
        Airborne technology brings new hope to map shallow aquifers in Earth's most arid deserts
        The new technique will map the top of the aquifer, called the 'water table,' spanning areas as large as hundreds of kilometers using a radar mounted on a high-altitude aircraft. According to the researchers, Desert-SEA will measure the variabilities in the depth of the water table on a large scale, allowing water scientists to assess the sustainability of these aquifers without the limitations associated with in-situ mapping in harsh and inaccessible environments.

      

      
        Large language models can't effectively recognize users' motivation, but can support behavior change for those ready to act
        Large language model-based chatbots can't effectively recognize users' motivation when they are hesitant about making healthy behavior changes, but they can support those who are committed to take action, say researchers.
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Planet hunters unveil massive catalog of strange worlds | ScienceDaily
While thousands of planets have been discovered around other stars, relatively little is known about them. A NASA catalog featuring 126 exotic, newly discovered worlds includes detailed measurements that allow for comparisons with our own solar system.


						
The catalog details a fascinating mix of planet types beyond our solar system, from rare worlds with extreme environments to ones that could possibly support life.

The planets were analyzed by a large, international team of scientists using NASA's Transiting Exoplanet Survey Satellite (TESS) in collaboration with the W.M. Keck Observatory on Maunakea, Hawai'i. They are described in today's edition of The Astrophysical Journal Supplement.

"Relatively few of the previously known exoplanets have a measurement of both the mass and the radius. The combination of these measurements tell us what the planets could be made of and how they formed," said Stephen Kane, UC Riverside astrophysicist and principal investigator of the TESS-Keck Survey.

"With this information, we can begin to answer questions about where our solar system fits in to the grand tapestry of other planetary systems," Kane said.

The research team spent three years developing the catalog. They analyzed more than 13,000 radial velocity (RV) measurements to calculate the masses of 120 confirmed planets, plus six candidate planets, spread out over the northern sky.

Though the planets themselves aren't visible, they do have a visible effect. As they orbit, the planets tug on their host stars, causing them to "wobble." When the star moves toward a telescope, its visible light turns slightly bluer; when it moves away from us, the light shifts slightly redder.




This is much like how sound behaves. Due to the Doppler effect, a fire truck's siren gets higher-pitched as it travels closer and sounds lower-pitched as it drives farther away.

"These RV measurements let astronomers detect and learn the properties of these exoplanetary systems. When we see a star wobbling regularly back and forth, we can infer the presence of an orbiting planet and measure the planet's mass," said Ian Crossfield, University of Kansas astrophysicist and catalog co-author.

Several planets in the TESS-Keck Survey stand out as touchstones for deepening astronomers' understanding of the diverse ways planets form and evolve.

A related survey paper authored by UCR graduate student Michelle Hill announces the discovery of two new planets orbiting a star like our sun. The first is a "sub-Saturn" planet with a mass and radius that are between those of Neptune and Saturn.

"There is ongoing debate about whether sub-Saturn planets are truly rare, or if we are just bad at finding planets like these," Hill said. "So, this planet, TOI-1386 b, is an important addition to this demographic of planets."

TOI-1386 b only takes 26 days to orbit its star. Meanwhile its neighbor, a planet with a mass close to that of Saturn, takes 227-days to orbit the same star.




Another survey paper authored by UCR graduate student Daria Pidhorodetska describes a planet about half the size of Neptune that takes a mere 19 days to orbit its star, which is much like our Sun.

"Planets smaller than Neptune but larger than Earth are the most prevalent worlds in our galaxy, yet they are absent from our own Solar System. Each time a new one is discovered, we are reminded of how diverse our Universe is, and that our existence in the cosmos may be more unique than we can understand," Pidhorodetska said.

There are a lot of stars that are not similar to our sun. If scientists want to make apt comparisons between our world and others, they need to find stars of a similar age, size, and mass. "Then we can do apples-to-apples comparisons," Kane said. "That's the exciting part of the papers produced by Michelle and Daria, because they allow for this."

Planets with even more extreme, ultra-short orbits around stars unlike our sun are also detailed in the catalog. One is so close to its orange dwarf star it completes orbit in less than 12 hours.

"TOI-1798 c orbits its star so quickly that one year on this planet lasts less than half a day on Earth. Because of their proximity to their host stars, planets like this one are also ultra hot -- receiving more than 3,000 times the radiation that Earth receives from the sun," said Alex Polanski, University of Kansas physics and astronomy graduate student and lead author of the catalog paper.

"Existing in this extreme environment means that this planet has likely lost any atmosphere that it initially formed," Polanski said.

Ultimately, this new catalog represents a major contribution both to NASA's TESS mission, and toward answering the question of whether other planets are capable of hosting life as we know it.

"Are we unusual? The jury is still out on that one, but our new mass catalog represents a major step toward answering that question," Kane said.
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Potentially habitable 'exo-Venus' with Earth-like temperature discovered | ScienceDaily
Astronomers have made the rare and tantalising discovery of an Earth-like exoplanet 40 light-years away that may be just a little warmer than our own world.


						
The potentially-habitable planet, named Gliese 12 b, orbits its host star every 12.8 days, is comparable in size to Venus -- so slightly smaller than Earth -- and has an estimated surface temperature of 42degC (107degF), which is lower than most of the 5,000-odd exoplanets confirmed so far.

That is assuming it has no atmosphere, however, which is the crucial next step to establishing if it is habitable.

It may have an Earth-like atmosphere, one more akin to Venus -- which experienced a runaway greenhouse effect that made it a 400degC (752degF) hellhole -- no atmosphere, or perhaps a different kind of atmosphere not found in our solar system.

Getting an answer is vital because it would reveal if Gliese 12 b can maintain temperatures suitable for liquid water -- and possibly life -- to exist on its surface, while also unlocking answers about how and why Earth and Venus evolved so differently.

Gliese 12 b is by no means the first Earth-like exoplanet to have been discovered, but as NASA has said, there are only a handful of worlds like it that warrant a closer look.

It has been billed as "the nearest, transiting, temperate, Earth-size world located to date" and a potential target for further investigation by the US space agency's PS7.5billion James Webb Space Telescope.




The closest Earth-like exoplanet to us -- and possibly the most famous -- is Proxima Centauri b, which is only 4 light-years away. However, because it is not a transiting world we still have a lot to learn about it, including whether it has an atmosphere and the potential to harbour life.

Most exoplanets are discovered using the transit method, where a planet passes in front of its star from our point of view, causing a dip in the host star's brightness.

During a transit, the star's light also passes through an exoplanet's atmosphere and some wavelengths get absorbed. Different gas molecules absorb different colours, so the transit provides a set of chemical fingerprints that can be detected by telescopes like Webb.

Gliese 12 b could also be significant because it may help reveal whether the majority of stars in our Milky Way galaxy -- i.e. cool stars -- are capable of hosting temperate planets that have atmospheres and are therefore habitable.

The discovery of the 'exo-Venus', by two international teams of astronomers, has been published today in the Monthly Notices of the Royal Astronomical Society.

It orbits a cool red dwarf star called Gliese 12, which is almost 40 light-years away from Earth in the constellation Pisces.




"Gliese 12 b represents one of the best targets to study whether Earth-size planets orbiting cool stars can retain their atmospheres, a crucial step to advance our understanding of habitability on planets across our galaxy," said Shishir Dholakia, a doctoral student at the Centre for Astrophysics at the University of Southern Queensland in Australia.

He co-led a research team with Larissa Palethorpe, a doctoral student at the University of Edinburgh and University College London.

The exoplanet's host star is about 27 per cent of the size of our Sun and has a surface temperature that is around 60 per cent of our own star.

However, the distance separating Gliese 12 and the new planet is just 7 per cent of the distance between Earth and the Sun. Gliese 12 b therefore receives 1.6 times more energy from its star as Earth does from the Sun and about 85 per cent of what Venus experiences.

This difference in solar radiation is important because it means the planet's surface temperature is highly dependent on its atmospheric conditions. As a comparison to Gliese 12 b's estimated surface temperature of 42degC (107degF), Earth has an average surface temperature of 15degC (59degF).

"Atmospheres trap heat and -- depending on the type -- can change the actual surface temperature substantially," Dholakia explained. "We are quoting the planet's 'equilibrium temperature', which is the temperature the planet would be if it had no atmosphere.

"Much of the scientific value of this planet is to understand what kind of atmosphere it could have. Since Gliese 12 b gets in between the amount of light as Earth and Venus get from the Sun, it will be valuable for bridging the gap between these two planets in our solar system."

Palethorpe added: "It is thought that Earth's and Venus's first atmospheres were stripped away and then replenished by volcanic outgassing and bombardments from residual material in the solar system.

"The Earth is habitable, but Venus is not due to its complete loss of water. Because Gliese 12 b is between Earth and Venus in temperature, its atmosphere could teach us a lot about the habitability pathways planets take as they develop."

The researchers, along with another team in Tokyo, used observations by NASA's TESS (Transiting Exoplanet Survey Satellite) to help make their discovery.

"We've found the nearest, transiting, temperate, Earth-size world located to date," said Masayuki Kuzuhara, a project assistant professor at the Astrobiology Center in Tokyo, who co-led a research team with Akihiko Fukui, a project assistant professor at the University of Tokyo.

"Although we don't yet know whether it possesses an atmosphere, we've been thinking of it as an exo-Venus, with similar size and energy received from its star as our planetary neighbour in the solar system."

An important factor in retaining an atmosphere is the storminess of its star. Red dwarfs tend to be magnetically active, resulting in frequent, powerful X-ray flares.

However, analyses by both teams conclude that Gliese 12 shows no signs of such extreme behaviour, raising hopes that Gliese 12 b's atmosphere may still be intact.

"We know of only a handful of temperate planets similar to Earth that are both close enough to us and meet other criteria needed for this kind of study, called transmission spectroscopy, using current facilities," said Michael McElwain, a research astrophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and a co-author of the Kuzuhara and Fukui paper.

"To better understand the diversity of atmospheres and evolutionary outcomes for these planets, we need more examples like Gliese 12 b."

At 40 light-years from Earth, Gliese 12 b is about the same distance as the TRAPPIST-1 system.

This is made up of seven planets, all roughly in Earth's size range and likely rocky, orbiting a red dwarf star.

Three of these are in the habitable zone but at least two -- and probably all of them -- have no atmosphere and are likely barren, dismissing hopes when they were first discovered eight years ago that they could be water worlds hosting life.
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Cement recycling method could help solve one of the world's biggest climate challenges | ScienceDaily
Researchers from the University of Cambridge have developed a method to produce very low emission concrete at scale -- an innovation that could be transformative in the transition to net zero.


						
The method, which the researchers say is "an absolute miracle," uses the electrically-powered arc furnaces used for steel recycling to simultaneously recycle cement, the carbon-hungry component of concrete.

Concrete is the second-most-used material on the planet, after water, and is responsible for approximately 7.5% of total anthropogenic CO2 emissions. A scalable, cost-effective way of reducing concrete emissions while meeting global demand is one of the world's biggest decarbonisation challenges.

The Cambridge researchers found that used cement is an effective substitute for lime flux, which is used in steel recycling to remove impurities and normally ends up as a waste product known as slag. But by replacing lime with used cement, the end product is recycled cement that can be used to make new concrete.

The cement recycling method developed by the Cambridge researchers, reported in the journal Nature, does not add any significant costs to concrete or steel production and significantly reduces emissions from both concrete and steel, due to the reduced need for lime flux.

Recent tests carried out by the Materials Processing Institute, a partner in the project, showed that recycled cement can be produced at scale in an electric arc furnace (EAF), the first time this has been achieved. Eventually, this method could produce zero emission cement, if the EAF was powered by renewable energy.

"We held a series of workshops with members of the construction industry on how we could reduce emissions from the sector," said Professor Julian Allwood from Cambridge's Department of Engineering, who led the research. "Lots of great ideas came out of those discussions, but one thing they couldn't or wouldn't consider was a world without cement."

Concrete is made from sand, gravel, water, and cement, which serves as a binder. Although it's a small proportion of concrete, cement is responsible for almost 90% of concrete emissions. Cement is made through a process called clinkering, where limestone and other raw materials are crushed and heated to about 1,450degC in large kilns. This process converts the materials into cement, but releases large amounts of CO2 as limestone decarbonates into lime.




Over the past decade, scientists have been investigating substitutes for cement, and have found that roughly half of the cement in concrete can be replaced with alternative materials, such as fly ash, but these alternatives need to be chemically activated by the remaining cement in order to harden.

"It's also a question of volume -- we don't physically have enough of these alternatives to keep up with global cement demand, which is roughly four billion tonnes per year," said Allwood. "We've already identified the low hanging fruit that helps us use less cement by careful mixing and blending, but to get all the way to zero emissions, we need to start thinking outside the box."

"I had a vague idea from previous work that if it were possible to crush old concrete, taking out the sand and stones, heating the cement would remove the water, and then it would form clinker again," said first author Dr Cyrille Dunant, also from the Department of Engineering. "A bath of liquid metal would help this chemical reaction along, and an electric arc furnace, used to recycle steel, felt like a strong possibility. We had to try."

The clinkering process requires heat and the right combination of oxides, all of which are in used cement, but need to be reactivated. The researchers tested a range of slags, made from demolition waste and added lime, alumina and silica. The slags were processed in the Materials Processing Institute's EAF with molten steel and rapidly cooled.

"We found the combination of cement clinker and iron oxide is an excellent steelmaking slag because it foams and it flows well," said Dunant. "And if you get the balance right and cool the slag quickly enough, you end up with reactivated cement, without adding any cost to the steelmaking process."

The cement made through this recycling process contains higher levels of iron oxide than conventional cement, but the researchers say this has little effect on performance.




The Cambridge Electric Cement process has been scaling rapidly, and the researchers say they could be producing one billion tonnes per year by 2050, which represents roughly a quarter of current annual cement production.

"Producing zero emissions cement is an absolute miracle, but we've also got to reduce the amount of cement and concrete we use," said Allwood. "Concrete is cheap, strong and can be made almost anywhere, but we just use far too much of it. We could dramatically reduce the amount of concrete we use without any reduction in safety, but there needs to be political will to make that happen.

"As well as being a breakthrough for the construction industry, we hope that Cambridge Electric Cement will also be a flag to help the government recognise that the opportunities for innovation on our journey to zero emissions extend far beyond the energy sector."

The researchers have filed a patent on the process to support its commercialisation. The research was supported in part by Innovate UK and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI).
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Using wobbling stellar material, astronomers measure the spin of a supermassive black hole for the first time | ScienceDaily
Astronomers at MIT, NASA, and elsewhere have a new way to measure how fast a black hole spins, by using the wobbly aftermath from its stellar feasting.


						
The method takes advantage of a black hole tidal disruption event -- a blazingly bright moment when a black hole exerts tides on a passing star and rips it to shreds. As the star is disrupted by the black hole's immense tidal forces, half of the star is blown away, while the other half is flung around the black hole, generating an intensely hot accretion disk of rotating stellar material.

The MIT-led team has shown that the wobble of the newly created accretion disk is key to working out the central black hole's inherent spin.

In a study appearing in Nature, the astronomers report that they have measured the spin of a nearby supermassive black hole by tracking the pattern of X-ray flashes that the black hole produced immediately following a tidal disruption event. The team followed the flashes over several months and determined that they were likely a signal of a bright-hot accretion disk that wobbled back and forth as it was pushed and pulled by the black hole's own spin.

By tracking how the disk's wobble changed over time, the scientists could work out how much the disk was being affected by the black hole's spin, and in turn, how fast the black hole itself was spinning. Their analysis showed that the black hole was spinning at less than 25 percent the speed of light -- relatively slow, as black holes go.

The study's lead author, MIT Research Scientist Dheeraj "DJ" Pasham, says the new method could be used to gauge the spins of hundreds of black holes in the local universe in the coming years. If scientists can survey the spins of many nearby black holes, they can start to understand how the gravitational giants evolved over the history of the universe.

"By studying several systems in the coming years with this method, astronomers can estimate the overall distribution of black hole spins and understand the longstanding question of how they evolve over time," says Pasham, who is a member of MIT's Kavli Institute for Astrophysics and Space Research.




The study's co-authors include collaborators from a number of institutions, including NASA, Masaryk University in the Czech Republic, the University of Leeds, the University of Syracuse, Tel Aviv University, the Polish Academy of Sciences, and elsewhere.

Shredded heat

Every black hole has an inherent spin that has been shaped by its cosmic encounters over time. If, for instance, a black hole has grown mostly through accretion -- brief instances when some material falls onto the disk, this causes the black hole to spin up to quite high speeds. In contrast, if a black hole grows mostly by merging with other black holes, each merger could slow things down as one black hole's spin meets up against the spin of the other.

As a black hole spins, it drags the surrounding space-time around with it. This drag effect is an example of Lense-Thirring precession, a longstanding theory that describes the ways in which extremely strong gravitational fields, such as those generated by a black hole, can pull on the surrounding space and time. Normally, this effect would not be obvious around black holes, as the massive objects emit no light.

But in recent years, physicists have proposed that, in instances such as during a tidal disruption event, or TDE, scientists might have a chance to track the light from stellar debris as it is dragged around. Then, they might hope to measure the black hole's spin.

In particular, during a TDE, scientists predict that a star may fall onto a black hole from any direction, generating a disk of white-hot, shredded material that could be tilted, or misaligned, with respect to the black hole's spin. (Imagine the accretion disk as a tilted donut that is spinning around a donut hole that has its own, separate spin.) As the disk encounters the black hole's spin, it wobbles as the black hole pulls it into alignment. Eventually, the wobbling subsides as the disk settles into the black hole's spin. Scientists predicted that a TDE's wobbling disk should therefore be a measurable signature of the black hole's spin.




"But the key was to have the right observations," Pasham says. "The only way you can do this is, as soon as a tidal disruption event goes off, you need to get a telescope to look at this object continuously, for a very long time, so you can probe all kinds of timescales, from minutes to months."

A high-cadence catch

For the past five years, Pasham has looked for tidal disruption events that are bright enough, and near enough, to quickly follow up and track for signs of Lense-Thirring precession. In February of 2020, he and his colleagues got lucky, with the detection of AT2020ocn, a bright flash, emanating from a galaxy about a billion light years away, that was initially spotted in the optical band by the Zwicky Transient Facility.

From the optical data, the flash appeared to be the first moments following a TDE. Being both bright and relatively close by, Pasham suspected the TDE might be the ideal candidate to look for signs of disk wobbling, and possibly measure the spin of the black hole at the host galaxy's center. But for that, he would need much more data.

"We needed quick and high-cadence data," Pasham says. "The key was to catch this early on because this precession, or wobble, should only be present early on. Any later, and the disk would not wobble anymore."

The team discovered that NASA's NICER telescope was able to catch the TDE and continuously keep an eye on it over months at a time. NICER -- an abbreviation for Neutron star Interior Composition ExploreR -- is an X-ray telescope on the International Space Station that measures X-ray radiation around black holes and other extreme gravitational objects.

Pasham and his colleagues looked through NICER's observations of AT2020ocn over 200 days following the initial detection of the tidal disruption event. They discovered that the event emitted X-rays that appeared to peak every 15 days, for several cycles, before eventually petering out. They interpreted the peaks as times when the TDE's accretion disk wobbled face-on, emitting X-rays directly toward NICER's telescope, before wobbling away as it continued to emit X-rays (similar to waving a flashlight toward and away from someone every 15 days).

The researchers took this pattern of wobbling and worked it into the original theory for Lense-Thirring precession. Based on estimates of the black hole's mass, and that of the disrupted star, they were able to come up with an estimate for the black hole's spin -- less than 25 percent the speed of light.

Their results mark the first time that scientists have used observations of a wobbling disk following a tidal disruption event to estimate the spin of a black hole. As new telescopes such as the Rubin Observatory come online in the coming years, Pasham foresees more opportunities to pin down black hole spins.

"The spin of a supermassive black hole tells you about the history of that black hole," Pasham says. "Even if a small fraction of those that Rubin captures have this kind of signal, we now have a way to measure the spins of hundreds of TDEs. Then we could make a big statement about how black holes evolve over the age of the universe."

This research was funded, in part, by NASA and the European Space Agency.
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Adhesive coatings can prevent scarring around medical implants | ScienceDaily
When medical devices such as pacemakers are implanted in the body, they usually provoke an immune response that leads to buildup of scar tissue around the implant. This scarring, known as fibrosis, can interfere with the devices' function and may require them to be removed.


						
In an advance that could prevent that kind of device failure, MIT engineers have found a simple and general way to eliminate fibrosis by coating devices with a hydrogel adhesive. This adhesive binds the devices to tissue and prevents the immune system from attacking it.

"The dream of many research groups and companies is to implant something into the body that over the long term the body will not see, and the device can provide therapeutic or diagnostic functionality. Now we have such an 'invisibility cloak,' and this is very general: There's no need for a drug, no need for a special polymer," says Xuanhe Zhao, an MIT professor of mechanical engineering and of civil and environmental engineering.

The adhesive that the researchers used in this study is made from cross-linked polymers called hydrogels, and is similar to a surgical tape they previously developed to help seal internal wounds. Other types of hydrogel adhesives can also protect against fibrosis, the researchers found, and they believe this approach could be used for not only pacemakers but also sensors or devices that deliver drugs or therapeutic cells.

Zhao and Hyunwoo Yuk SM '16, PhD '21, a former MIT research scientist who is now the chief technology officer at SanaHeal, are the senior authors of the study, which will appear in Nature. MIT postdoc Jingjing Wu is the lead author of the paper.

Preventing fibrosis

In recent years, Zhao's lab has developed adhesives for a variety of medical applications, including double-sided and single-sided tapes that could be used to heal surgical incisions or internal injuries. These adhesives work by rapidly absorbing water from wet tissues, using polyacrylic acid, an absorbent material used in diapers. Once the water is cleared, chemical groups called NHS esters embedded in the polyacrylic acid form strong bonds with proteins at the tissue surface. This process takes about five seconds.




Several years ago, Zhao and Yuk began exploring whether this kind of adhesive could also help keep medical implants in place and prevent fibrosis from occurring.

To test this idea, Wu coated polyurethane devices with their adhesive and implanted them on the abdominal wall, colon, stomach, lung, or heart of rats. Weeks later, they removed the device and found that there was no visible scar tissue. Additional tests with other animal models showed the same thing: Wherever the adhesive-coated devices were implanted, fibrosis did not occur, for up to three months.

"This work really has identified a very general strategy, not only for one animal model, one organ, or one application," Wu says. "Across all of these animal models, we have consistent, reproducible results without any observable fibrotic capsule."

Using bulk RNA sequencing and fluorescent imaging, the researchers analyzed the animals' immune response and found that when devices with adhesive coatings were first implanted, immune cells such as neutrophils began to infiltrate the area. However, the attacks quickly quenched out before any scar tissue could form.

"For the adhered devices, there is an acute inflammatory response because it is a foreign material," Yuk says. "However, very quickly that inflammatory response decayed, and then from that point you do not have this fibrosis formation."

One application for this adhesive could be coatings for epicardial pacemakers -- devices that are placed on the heart to help control the heart rate. The wires that contact the heart often become fibrotic, but the MIT team found that when they implanted adhesive-coated wires in rats, they remained functional for at least three months, with no scar tissue formation.




Mechanical cues

The researchers also tested a hydrogel adhesive that includes chitosan, a naturally occurring polysaccharide, and found that this adhesive also eliminated fibrosis in animal studies. However, two commercially available tissue adhesives that they tested did not show this antifibrotic effect because the commercially available adhesives eventually detached from the tissue and allowed the immune system to attack.

In another experiment, the researchers coated implants in hydrogel adhesives but then soaked them in a solution that removed the polymers' adhesive properties, while keeping their overall chemical structure the same. After being implanted in the body, where they were held in place by sutures, fibrotic scarring occurred. This suggests that there is something about the mechanical interaction between the adhesive and the tissue that prevents the immune system from attacking, the researchers say.

"Previous research in immunology has been focused on chemistry and biochemistry, but mechanics and physics may play equivalent roles, and we should pay attention to those mechanical and physical cues in immunological responses," says Zhao, who now plans to further investigate how those mechanical cues affect the immune system.

Yuk, Zhao, and others have started a company called SanaHeal, which is now working on further developing tissue adhesives for medical applications.

"As a team, we are interested in reporting this to the community and sparking speculation and imagination as to where this can go," Yuk says. "There are so many scenarios in which people want to interface with foreign or manmade material in the body, like implantable devices, drug depots, or cell depots."

The research was funded by the National Institutes of Health and the National Science Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240522130429.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The origin of the sun's magnetic field could lie close to its surface | ScienceDaily
The sun's surface is a brilliant display of sunspots and flares driven by the solar magnetic field, which is internally generated through a process called dynamo action. Astrophysicists have assumed that the sun's field is generated deep within the star. But an MIT study finds that the sun's activity may be shaped by a much shallower process.


						
In a paper appearing in Nature, researchers at MIT, the University of Edinburgh, and elsewhere find that the sun's magnetic field could arise from instabilities within the sun's outermost layers.

The team generated a precise model of the sun's surface and found that when they simulated certain perturbations, or changes in the flow of plasma (ionized gas) within the top 5 to 10 percent of the sun, these surface changes were enough to generate realistic magnetic field patterns, with similar characteristics to what astronomers have observed on the sun. In contrast, their simulations in deeper layers produced less realistic solar activity.

The findings suggest that sunspots and flares could be a product of a shallow magnetic field, rather than a field that originates deeper in the sun, as scientists had largely assumed.

"The features we see when looking at the sun, like the corona that many people saw during the recent solar eclipse, sunspots, and solar flares, are all associated with the sun's magnetic field," says study author Keaton Burns, a research scientist in MIT's Department of Mathematics. "We show that isolated perturbations near the sun's surface, far from the deeper layers, can grow over time to potentially produce the magnetic structures we see."

If the sun's magnetic field does in fact arise from its outermost layers, this might give scientists a better chance at forecasting flares and geomagnetic storms that have the potential to damage satellites and telecommunications systems.

"We know the dynamo acts like a giant clock with many complex interacting parts," says co-author Geoffrey Vasil, a researcher at the University of Edinburgh. "But we don't know many of the pieces or how they fit together. This new idea of how the solar dynamo starts is essential to understanding and predicting it."

The study's co-authors also include Daniel Lecoanet and Kyle Augustson of Northwestern University, Jeffrey Oishi of Bates College, Benjamin Brown and Keith Julien of the University of Colorado at Boulder, and Nicholas Brummell of the University of California at Santa Cruz.




Flow zone

The sun is a white-hot ball of plasma that's boiling on its surface. This boiling region is called the "convection zone," where layers and plumes of plasma roil and flow. The convection zone comprises the top one-third of the sun's radius and stretches about 200,000 kilometers below the surface.

"One of the basic ideas for how to start a dynamo is that you need a region where there's a lot of plasma moving past other plasma, and that shearing motion converts kinetic energy into magnetic energy," Burns explains. "People had thought that the sun's magnetic field is created by the motions at the very bottom of the convection zone."

To pin down exactly where the sun's magnetic field originates, other scientists have used large three-dimensional simulations to try to solve for the flow of plasma throughout the many layers of the sun's interior. "Those simulations require millions of hours on national supercomputing facilities, but what they produce is still nowhere near as turbulent as the actual sun," Burns says.

Rather than simulating the complex flow of plasma throughout the entire body of the sun, Burns and his colleagues wondered whether studying the stability of plasma flow near the surface might be enough to explain the origins of the dynamo process.

To explore this idea, the team first used data from the field of "helioseismology," where scientists use observed vibrations on the sun's surface to determine the average structure and flow of plasma beneath the surface.




"If you take a video of a drum and watch how it vibrates in slow motion, you can work out the drumhead's shape and stiffness from the vibrational modes," Burns says. "Similarly, we can use vibrations that we see on the solar surface to infer the average structure on the inside."

Solar onion

For their new study, the researchers collected models of the sun's structure from helioseismic observations. "These average flows look sort like an onion, with different layers of plasma rotating past each other," Burns explains. "Then we ask: Are there perturbations, or tiny changes in the flow of plasma, that we could superimpose on top of this average structure, that might grow to cause the sun's magnetic field?"

To look for such patterns, the team utilized the Dedalus Project -- a numerical framework that Burns developed that can simulate many types of fluid flows with high precision. The code has been applied to a wide range of problems, from modeling the dynamics inside individual cells, to ocean and atmospheric circulations.

"My collaborators have been thinking about the solar magnetism problem for years, and the capabilities of Dedalus have now reached the point where we could address it," Burns says.

The team developed algorithms that they incorporated into Dedalus to find self-reinforcing changes in the sun's average surface flows. The algorithm discovered new patterns that could grow and result in realistic solar activity. In particular, the team found patterns that match the locations and timescales of sunspots that have been have observed by astronomers since Galileo in 1612.

Sunspots are transient features on the surface of the sun that are thought to be shaped by the sun's magnetic field. These relatively cooler regions appear as dark spots in relation to the rest of the sun's white-hot surface. Astronomers have long observed that sunspots occur in a cyclical pattern, growing and receding every 11 years, and generally gravitating around the equator, rather than near the poles.

In the team's simulations, they found that certain changes in the flow of plasma, within just the top 5 to 10 percent of the sun's surface layers, were enough to generate magnetic structures in the same regions. In contrast, changes in deeper layers produce less realistic solar fields that are concentrated near the poles, rather than near the equator.

The team was motivated to take a closer look at flow patterns near the surface as conditions there resembled the unstable plasma flows in entirely different systems: the accretion disks around black holes. Accretion disks are massive disks of gas and stellar dust that rotate in towards a black hole, driven by the "magnetorotational instability," which generates turbulence in the flow and causes it to fall inward.

Burns and his colleagues suspected that a similar phenomena is at play in the sun, and that the magnetorotational instability in the sun's outermost layers could be the first step in generating the sun's magnetic field.

"I think this result may be controversial," he ventures. "Most of the community has been focused on finding dynamo action deep in the sun. Now we're showing there's a different mechanism that seems to be a better match to observations." Burns says that the team is continuing to study if the new surface field patterns can generate individual sunspots and the full 11-year solar cycle.

This research was supported, in part, by NASA.
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Promethium bound: Rare earth element's secrets exposed | ScienceDaily
Scientists have uncovered the properties of a rare earth element that was first discovered 80 years ago at the very same laboratory, opening a new pathway for the exploration of elements critical in modern technology, from medicine to space travel.


						
Promethium was discovered in 1945 at Clinton Laboratories, now the Department of Energy's Oak Ridge National Laboratory, and continues to be produced at ORNL in minute quantities. Some of its properties have remained elusive despite the rare earth element's use in medical studies and long-lived nuclear batteries. It is named after the mythological Titan who delivered fire to humans and whose name symbolizes human striving.

"The whole idea was to explore this very rare element to gain new knowledge," said Alex Ivanov, an ORNL scientist who co-led the research. "Once we realized it was discovered at this national lab and the place where we work, we felt an obligation to conduct this research to uphold the ORNL legacy."

The ORNL-led team of scientists prepared a chemical complex of promethium, which enabled its characterization in solution for the first time. Thus, they exposed the secrets of this extremely rare lanthanide, whose atomic number is 61, in a series of meticulous experiments.

Their landmark study, published in the journal Nature, marks a significant advance in rare earth research and might rewrite chemistry textbooks.

"Because it has no stable isotopes, promethium was the last lanthanide to be discovered and has been the most difficult to study," said ORNL's Ilja Popovs, who co-led the research. Most rare earth elements are lanthanides, elements from 57 -- lanthanum -- to 71 -- lutetium -- on the periodic table. They have similar chemical properties but differ in size.

The other 14 lanthanides are well understood. They are metals with useful properties that make them indispensable in many modern technologies. They are workhorses of applications such as lasers, permanent magnets in wind turbines and electric vehicles, X-ray screens and even cancer-fighting medicines.




"There are thousands of publications on lanthanides' chemistry without promethium. That was a glaring gap for all of science," said ORNL's Santa Jansone-Popova, who co-led the study. "Scientists have to assume most of its properties. Now we can actually measure some of them."

The research relied on unique resources and expertise available at DOE national laboratories. Using a research reactor, hot cells and supercomputers, as well as the accumulated knowledge and skills of 18 scientists in different fields, the authors detailed the first observation of a promethium complex in solution.

The ORNL scientists bound, or chelated, radioactive promethium with special organic molecules called diglycolamide ligands. Then, using X-ray spectroscopy, they determined the properties of the complex, including the length of the promethium chemical bond with neighboring atoms -- a first for science and a longstanding missing piece to the periodic table of elements.

Promethium is very rare; only about a pound occurs naturally in the Earth's crust at any given time. Unlike other rare earth elements, only minute quantities of synthetic promethium are available because it has no stable isotopes.

For this study, the ORNL team produced the isotope promethium-147, with a half-life of 2.62 years, in sufficient quantities and at a high enough purity to study its chemical properties. ORNL is the United States' only producer of promethium-147.

Notably, the team provided the first demonstration of a feature of lanthanide contraction in solution for the whole lanthanide series, including promethium, atomic number 61. Lanthanide contraction is a phenomenon in which elements with atomic numbers between 57 and 71 are smaller than expected. As the atomic numbers of these lanthanides increase, the radii of their ions decrease. This contraction creates distinctive chemical and electronic properties because the same charge is limited to a shrinking space. The ORNL scientists got a clear promethium signal, which enabled them to better define the shape of the trend -- across the series.




"It's really astonishing from a scientific viewpoint. I was struck once we had all the data," said Ivanov. "The contraction of this chemical bond accelerates along this atomic series, but after promethium, it considerably slows down. This is an important landmark in understanding the chemical bonding properties of these elements and their structural changes along the periodic table."

Many of these elements, such as those in the lanthanide and actinide series, have applications ranging from cancer diagnostics and treatment to renewable energy technologies and long-lived nuclear batteries for deep space exploration.

The achievement will, among other things, ease the difficult job of separating these valuable elements, according to Jansone-Popova. The team has long worked on separations for the whole series of lanthanides, "but promethium was the last puzzle piece. It was quite challenging," she said. "You cannot utilize all these lanthanides as a mixture in modern advanced technologies, because first you need to separate them. This is where the contraction becomes very important; it basically allows us to separate them, which is still quite a difficult task."

The research team used several premier DOE facilities in the project. At ORNL, promethium was synthesized at the High Flux Isotope Reactor, a DOE Office of Science user facility, and purified at the Radiochemical Engineering Development Center, a multipurpose radiochemical processing and research facility. Then, the team performed X-ray absorption spectroscopy at the National Synchrotron Light Source II, a DOE Office of Science user facility at DOE's Brookhaven National Laboratory, specifically working at the Beamline for Materials Measurement, which is funded and operated by the National Institute of Standards and Technology.

The team also performed quantum chemical calculations and molecular dynamics simulations at the Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility at ORNL, using the lab's Summit supercomputer, the only computational resource capable of providing the necessary calculations at the time. In addition, the researchers used resources of the Compute and Data Environment for Science at ORNL. They expect future calculations to be performed on ORNL's Frontier, the world's most powerful supercomputer and the first exascale system, which is able to perform more than a quintillion calculations each second.

Popovs emphasized that the ORNL-led accomplishments can be attributed to teamwork. Each of the Nature paper's 18 authors was critical to the project, he said.

The achievement sets the stage for a new era of research, the scientists said. "Anything that we would call a modern marvel of technology would include, in one shape or another, these rare earth elements," Popovs said. "We are adding the missing link."

Besides Popovs, Ivanov and Jansone-Popova from ORNL's Chemical Sciences Division, the paper's co-authors include Darren Driscoll, Subhamay Pramanik, Jeffrey Einkauf, Santanu Roy and Thomas Dyke, also of ORNL's Chemical Sciences Division; Frankie White, Richard Mayes, Laetitia Delmau, Samantha Cary, April Miller and Sandra Davern of ORNL's Radioisotope Science and Technology Division; Matt Silveira and Shelley VanCleve of ORNL's Isotope Processing and Manufacturing Division; Dmytro Bykov of the National Center for Computational Sciences at ORNL; and Bruce Ravel of the National Institute of Standards and Technology.

This work was primarily co-sponsored by DOE's Office of Science for ligand synthesis, lanthanide complexation studies, crystallization processes, spectroscopic analyses and simulation efforts. The production, purification and preparation of the promethium sample were supported by the DOE Isotope Program, managed by the Office of Science for Isotope R&D and Production. The single-crystal X-ray diffraction data collection and refinement were supported by the DOE Office of Science.
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Under extreme impacts, metals get stronger when heated, study finds | ScienceDaily
Metals get softer when they are heated, which is how blacksmiths can form iron into complex shapes by heating it red hot. And anyone who compares a copper wire with a steel coat hanger will quickly discern that copper is much more pliable than steel.


						
But scientists at MIT have discovered that when metal is struck by an object moving at a super high velocity, the opposite happens: The hotter the metal, the stronger it is. Under those conditions, which put extreme stress on the metal, copper can actually be just as strong as steel. The new discovery could lead to new approaches to designing materials for extreme environments, such as shields that protect spacecraft or hypersonic aircraft, or equipment for high-speed manufacturing processes.

The findings are described in a paper appearing today in the journal Nature, by Ian Dowding, an MIT graduate student, and Christopher Schuh, former head of MIT's Department of Materials Science and Engineering, now dean of engineering at Northwestern University and visiting professor at MIT.

The new finding, the authors write, "is counterintuitive and at odds with decades of studies in less extreme conditions." The unexpected results could affect a variety of applications because the extreme velocities involved in these impacts occur routinely in meteorite impacts on spacecraft in orbit and in high-speed machining operations used in manufacturing, sandblasting, and some additive manufacturing (3D printing) processes.

The experiments the researchers used to find this effect involved shooting tiny particles of sapphire, just millionths of a meter across, at flat sheets of metal. Propelled by laser beams, the particles reached high velocities, on the order of a few hundred meters per second. While other researchers have occasionally done experiments at similarly high velocities, they have tended to use larger impactors, at the scale of centimeters or larger. Because these larger impacts were dominated by effects of the shock of the impact, there was no way to separate out the mechanical and thermal effects.

The tiny particles in the new study don't create a significant pressure wave when they hit the target. But it has taken a decade of research at MIT to develop methods of propelling such microscopic particles at such high velocities. "We've taken advantage of that," Schuh says, along with other new techniques for observing the high-speed impact itself.

The team used extremely high-speed cameras "to watch the particles as they come in and as they fly away," he says. As the particles bounce off the surface, the difference between the incoming and outgoing velocities "tells you how much energy was deposited" into the target, which is an indicator of the surface strength.




The tiny particles they used were made of alumina, or sapphire, and are "very hard," Dowding says. At 10 to 20 microns (millionths of a meter) across, these are between one-tenth and one-fifth of the thickness of a human hair. When the launchpad behind those particles is hit by a laser beam, part of the material vaporizes, creating a jet of vapor that propels the particle in the opposite direction.

The researchers shot the particles at samples of copper, titanium, and gold, and they expect their results should apply to other metals as well. They say their data provide the first direct experimental evidence for this anomalous thermal effect of increased strength with greater heat, although hints of such an effect had been reported before.

The surprising effect appears to result from the way the orderly arrays of atoms that make up the crystalline structure of metals move under different conditions, according to the researchers' analysis. They show that there are three separate effects governing how metal deforms under stress, and while two of these follow the predicted trajectory of increasing deformation at higher temperatures, it is the third effect, called drag strengthening, that reverses its effect when the deformation rate crosses a certain threshold.

Beyond this crossover point, the higher temperature increases the activity of phonons -- waves of sound or heat -- within the material, and these phonons interact with dislocations in the crystalline lattice in a way that limits their ability to slip and deform. The effect increases with increased impact speed and temperature, Dowding says, so that "the faster you go, the less the dislocations are able to respond."

Of course, at some point the increased temperature will begin to melt the metal, and at that point the effect will reverse again and lead to softening. "There will be a limit" to this strengthening effect, Dowding says, "but we don't know what it is."

The findings could lead to different choices of materials when designing devices that may encounter such extreme stresses, Schuh says. For example, metals that may ordinarily be much weaker, but that are less expensive or easier to process, might be useful in situations where nobody would have thought to use them before.

The extreme conditions the researchers studied are not confined to spacecraft or extreme manufacturing methods. "If you are flying a helicopter in a sandstorm, a lot of these sand particles will reach high velocities as they hit the blades," Dowding says, and under desert conditions they may reach the high temperatures where these hardening effects kick in.

The techniques the researchers used to uncover this phenomenon could be applied to a variety of other materials and situations, including other metals and alloys. Designing materials to be used in extreme conditions by simply extrapolating from known properties at less extreme conditions could lead to seriously mistaken expectations about how materials will behave under extreme stresses, they say.

The research was supported by the U.S. Department of Energy.
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New AI accurately predicts fly behavior | ScienceDaily
We've been told, "The eyes are the window to the soul." Well, windows work two ways. Our eyes are also our windows to the world. What we see and how we see it help determine how we move through the world. In other words, our vision helps guide our actions, including social behaviors. Now, a young Cold Spring Harbor Laboratory (CSHL) scientist has uncovered a major clue into how this works. He did it by building a special AI model of the common fruit fly brain.


						
CSHL Assistant Professor Benjamin Cowley and his team honed their AI model through a technique they developed called "knockout training." First, they recorded a male fruit fly's courtship behavior -- chasing and singing to a female. Next, they genetically silenced specific types of visual neurons in the male fly and trained their AI to detect any changes in behavior. By repeating this process with many different visual neuron types, they were able to get the AI to accurately predict how the real fruit fly would act in response to any sight of the female.

"We can actually predict neural activity computationally and ask how specific neurons contribute to behavior," Cowley says. "This is something we couldn't do before."

With their new AI, Cowley's team discovered that the fruit fly brain uses a "population code" to process visual data. Instead of one neuron type linking each visual feature to one action, as previously assumed, many combinations of neurons were needed to sculpt behavior. A chart of these neural pathways looks like an incredibly complex subway map and will take years to decipher. Still, it gets us where we need to go. It enables Cowley's AI to predict how a real-life fruit fly will behave when presented with visual stimuli.

Does this mean AI could someday predict human behavior? Not so fast. Fruit fly brains contain about 100,000 neurons. The human brain has almost 100 billion.

"This is what it's like for the fruit fly. You can imagine what our visual system is like, " says Cowley, referring to the subway map.

Still, Cowley hopes his AI model will someday help us decode the computations underlying the human visual system.

"This is going to be decades of work. But if we can figure this out, we're ahead of the game," says Cowley. "By learning [fly] computations, we can build a better artificial visual system. More importantly, we're going to understand disorders of the visual system in much better detail."

How much better? You'll have to see it to believe it.
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Strings that can vibrate forever (kind of) | ScienceDaily
Researchers from TU Delft and Brown University have engineered string-like resonators capable of vibrating longer at ambient temperature than any previously known solid-state object -- approaching what is currently only achievable near absolute zero temperatures. Their study, published in Nature Communications, pushes the edge of nanotechnology and machine learning to make some of the world's most sensitive mechanical sensors.


						
The newly developed nanostrings boast the highest mechanical quality factors ever recorded for any clamping object in room temperature environments; in their case clamped to a microchip. This makes the technology interesting for integration with existing microchip platforms. Mechanical quality factors represent how well energy rings out of a vibrating object. These strings are specially designed to trap vibrations in and not let their energy leak out.

A 100-year swing on a microchip

"Imagine a swing that, once pushed, keeps swinging for almost 100 years because it loses almost no energy through the ropes," says associate professor Richard Norte. "Our nanostrings do something similar but rather than vibrating once per second like a swing, our strings vibrate 100,000 times per second. Because it's difficult for energy to leak out, it also means environmental noise is hard to get in, making these some of the best sensors for room temperature environments.

This innovation is pivotal for studying macroscopic quantum phenomena at room temperature -- environments where such phenomena were previously masked by noise. While the weird laws of quantum mechanics are usually only seen in single atoms, the nanostrings' ability to isolate themselves from our everyday heat-based vibrational noise allows them to open a window into their own quantum signatures; strings made from billions of atoms. In everyday environments, this kind of capability would have interesting uses for quantum-based sensing.

Extraordinary match between simulation and experiment

"Our manufacturing process goes in a different direction with respect to what is possible in nanotechnology today," said Dr. Andrea Cupertino, who spearheaded the experimental efforts. The strings are 3 centimetres long and 70 nanometres thick, but scaled up, this would be the equivalent of manufacturing guitar strings of glass that are suspended half a kilometre with almost no sag. "This kind of extreme structures are only feasible at nanoscales where the effects of gravity and weight enter differently. This allows for structures that would be unfeasible at our everyday scales but are particularly useful in miniature devices used to measure physical quantities such as pressure, temperature, acceleration and magnetic fields, which we call MEMS sensing," explains Cupertino.




The nanostrings are crafted using advanced nanotechnology techniques developed at the TU Delft, pushing the boundaries of how thin and long suspended nanostructures can be made. A key of the collaboration is that these nanostructures can be made so perfectly on a microchip, that there is an extraordinary match between simulations and experiments -- meaning that simulations can act as the data for machine learning algorithms, rather than costly experiments. "Our approach involved using machine learning algorithms to optimize the design without continuously fabricating prototypes," noted lead author Dr. Dongil Shin, who developed these algorithms with Miguel Bessa. To further enhance efficiency of designing these large detailed structures, the machine learning algorithms smartly utilised insights from simpler, shorter string experiments to refine the designs of longer strings, making the development process both economical and effective.

According to Norte, the success of this project is a testament to the fruitful collaboration between experts in nanotechnology and machine learning, underscoring the interdisciplinary nature of cutting-edge scientific research.

Inertial navigation and next-generation microphones

The implications of these nanostrings extend beyond basic science. They offer promising new pathways for integrating highly sensitive sensors with standard microchip technology, leading to new approaches in vibration-based sensing. While these initial studies focus on strings, the concepts can be expanded to more complex designs to measure other important parameters like acceleration for inertial navigation or something looking more like a vibrating drumhead for next-generation microphones. This research demonstrates the vast array of possibilities when combining nanotechnology advances with machine learning to open new frontiers in technology.
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'Fossilizing' cracks in infrastructure creates sealing that can even survive earthquakes | ScienceDaily
Various forms of underground activity, such as deep wells or the disposal of hazardous materials, require the long-term sealing of rocks. A team of researchers has developed an innovative method based on fossilization processes to seal cracks and fractures in rock using a "concretion-forming resin." The results were published in Communications Engineering.


						
The underground disposal of pollutants, such as radioactive waste and carbon dioxide, poses unique challenges. To avoid their release, it is necessary to seal the shafts and boreholes used for investigations and ensure that there are no leaks from the rock for long periods of time. Unfortunately, current cement-based sealing materials do not offer long-term functionality and durability. Especially in earthquake-prone countries, such as Japan, this may cause future complications, such as leaks.

To find a solution, lead researcher Hidekazu Yoshida of the Nagoya University Museum turned to his expertise in fossil preservation in calcium carbonate concretions. He understood that such concretions form quite rapidly within a few weeks to years, and fossils in concretions remain remarkably intact for millions of years, even when extracted from locations prone to weathering and seismic disturbances. He mused about the potential use of a similar approach in an industrial context.

"I realized that well-preserved fossils in concretions had withstood weathering and the like for tens to hundreds of thousands of years in the natural environment," Yoshida said. "I became inspired by studying how fast concretions were formed and why the fossils inside were preserved so well."

One reason for the durability of fossils is the concretion process. This is a natural fossilization process in which minerals in groundwater precipitate out of the water and accumulate around the organic material. Calcite in the groundwater seals the remains by forming crystals around them, binding the surrounding sediments. This mechanism creates an almost impenetrable fossil, with the crystals blocking even small, micrometer-sized openings.

Based on the concretion-forming process, the researchers mixed two agents to develop a "concretion-forming resin." The resin holds the ions needed to form calcite when water is introduced. Calcite forms impenetrable crystals in cracks and holes, reproducing the concretion formation process seen in nature, only much faster.

During a test in an underground laboratory 350 meters below the surface in Hokkaido, the northernmost island of Japan, the researchers discovered that their resin-based material had remarkable sealing abilities. When applied to flow-paths in the rock, it sealed them completely and rapidly.

The area experienced six earthquakes in the space of two days, including a magnitude 5.4 earthquake, putting their resin to the ultimate test. Despite a further five earthquakes during the test period, the cracks remained sealed. In fact, open cracks even resealed as the crystals reformed.

"The earthquakes were coincidence; something we never expected and planned for," Yoshida said. "They were a surprise to us, but it was such a great opportunity to see the material's performance. Such a fast-acting and sustained sealing effect of rock fractures, including post-earthquake crack repair, has never been reported before. Conventional cement materials cannot achieve this result."

The group is working closely with the Japan Atomic Energy Agency, Sekisui Chemical Co., and Chubu Electric Power Co., Ltd. to ensure that the resin will be commercially viable. Following their successful test, the team anticipates a wide range of applications, including long-term underground sequestration of radioactive waste and carbon dioxide, sealing abandoned oil wells, groundwater control during rock and mine excavation, and repair of cracks in ageing infrastructure such as roads and buildings.
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Flexible film senses nearby movements -- featured in blink-tracking glasses | ScienceDaily
I'm not touching you! When another person's finger hovers over your skin, you may get the sense that they're touching you, feeling not necessarily contact, but their proximity. Similarly, researchers reporting in ACS Applied Materials & Interfaces have designed a soft, flexible film that senses the presence of nearby objects without physically touching them. The study features the new sensor technology to detect eyelash proximity in blink-tracking glasses.


						
Noncontact sensors can identify or measure an object without directly touching it. Examples of these devices include infrared thermometers and vehicle proximity notification systems. One type of noncontact sensor relies on static electricity to detect closeness and small motions, and has the potential to enhance smart devices, such as allowing phone screens to recognize more finger gestures. So far, however, they've been limited in what types of objects get detected, how long they stay charged and how hard they are to fabricate. So, Xunlin Qiu, Yiming Wang, Fuzhen Xuan and coworkers wanted to create a flexible static electricity-based sensor that overcame these problems.

The researchers began by simply fabricating a three-part system: fluorinated ethylene propylene (FEP) for the top sensing layer, with an electrically conductive film and flexible plastic base for the middle and bottom layers, respectively. FEP is an electret, a type of material that's electrically charged and produces an external electrostatic field, similar to the way a magnet produces a magnetic field. Then they electrically charged the FEP-based sensor making it ready for use.

As objects approached the FEP surface, their inherent static charge caused an electrical current to flow in the sensor, thereby "feeling" the object without physical contact. The resulting clear and flexible sensor detected objects -- made of glass, rubber, aluminum and paper -- that were nearly touching it but not quite, from 2 to 20 millimeters (less than an inch) away. The sensor held its charge for over 3,000 different approach-withdraw cycles over almost two hours.

In a demonstration of the new sensing film, the researchers attached it to the inner side of an eyeglass lens. When worn by a person, the glasses noticed the approach of eyelashes and identified when the wearer blinked Morse code for "E C U S T," the abbreviation for the researchers' institution. In the future, the researchers say their noncontact sensors could be used to help people who are unable to speak or use sign language communicate or even detect drowsiness when driving.

The authors acknowledge funding from Natural Science Foundation of China Grants, Shanghai Pilot Program for Basic Research, the "Chenguang Program" supported by the Shanghai Education Development Foundation and Shanghai Municipal Education Commission, National Key Research and Development Program of China, Natural Science Foundation of Shanghai, and the Open Project of State Key Laboratory of Chemical Engineering.
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Streamlined microcomb design provides control with the flip of a switch | ScienceDaily
Light measurement devices called optical frequency combs have revolutionized metrology, spectroscopy, atomic clocks, and other applications. Yet challenges with developing frequency comb generators at a microchip scale have limited their use in everyday technologies such as handheld electronics.


						
In a study published in Nature Communications, researchers at the University of Rochester describe new microcomb lasers they have developed that overcome previous limitations and feature a simple design that could open the door to a broad range of uses.

What are microcombs?

Optical frequency combs generate a spectrum of light consisting of multiple coherent beams, each tuned to a different frequency or color, in evenly spaced distances. The resulting shape resembles the teeth on a hair comb. In recent years, scientists have been working to create miniaturized versions of this technology, or microcombs, that can fit on small chips.

But while scientists have made progress in prototyping microcombs, they have had limited success producing viable versions that can be applied in practical devices. Obstacles include low power efficiency, limited controllability, slow mechanical responses, and the need for sophisticated system pre-configuration.

A simplified approach

A team of researchers led by Qiang Lin, a professor in Rochester's Department of Electrical and Computer Engineering and at the Institute of Optics, created a unique approach to solve these challenges in a single device.




According to Jingwei Ling, an electrical and computer engineering PhD student in Lin's lab and the lead author of the paper, previous approaches usually rely on a single-wavelength laser injected into a nonlinear converter that can transfer the single wavelength into multiple wavelengths, forming the optical comb.

"We eliminated the single wavelength because that's going to degrade the system's efficiency," says Ling. "We instead have all the comb itself being amplified in a feedback loop inside the system, so all the wavelengths get reflected and enhanced inside a single element."

The simplicity of the "all in one" microcomb laser results in lower power demands, lower costs, high tunability, and a turnkey operation.

"It is easy to operate," says coauthor Zhengdong Gao, also an electrical and computer engineering PhD student in Lin's lab. "The previous methods make it hard to excite the comb, but with this method we only need to switch on the power source, and we can control the comb directly."

Hurdles remain for implementing these microcomb lasers, particularly with developing fabrication techniques to create such tiny components within the tolerances necessary for manufacturing. But the researchers are hopeful that their devices can be used for applications such as telecommunications systems and light detection and ranging (LiDAR) for autonomous vehicles.

The Defense Advanced Research Projects Agency and the National Science Foundation supported this research.
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Ethylene from CO2: Building-kit catalyst | ScienceDaily

Ethylene (ethene, C2H4) is an essential starting material for many products, including polyethylene and other plastics. Ethylene is produced industrially by the high-energy cracking and rectification of fossil feedstocks. The electrochemical conversion of CO2 to ethylene would be a promising route to reducing CO2 emissions while also saving energy and fossil resources.

CO2 is very stable, which makes it difficult to induce into reaction. With the use of electricity and catalysts, it is currently possible to convert it into C1 chemicals such as methanol and methane. The additional challenge in producing ethylene is that a bond must be formed between two carbon atoms. This has previously only been achieved with copper catalysts. Metal-free electrocatalysis would be advantageous because metals are a cost factor and can cause environmental problems.

A team led by Chengtao Gong and Fu-Sheng Ke at Wuhan University, China, has now developed a metal-free electrocatalyst for the conversion of CO2 to ethylene. The catalyst is based on a nitrogen-containing covalent organic framework (COF). COFs are a new class of porous, crystalline, purely organic materials with defined topology. In contrast to metal-organic frameworks (MOFs), they require no metal ions to hold them together. Their pore sizes and chemical properties can be tuned over a wide range through selection of the building blocks.

The new COF contains nitrogen atoms with a special electron configuration (sp3 hybridization) as catalytically active centers. These sp3 nitrogen centers bind the individual building blocks into a framework through an aminal link (two amino groups bound to one carbon atom). In contrast to COFs with a classic imine-linkage (-C=N-), aminal COFs have strict requirements regarding the lengths and angles of the bonds between building blocks, which causes the frameworks to be formed through ring closures. The researchers found a suitable combination by using piperazine (a six-membered ring made of four carbon and two nitrogen atoms) and a building block made of three aromatic, six-membered carbon rings. When used as electrodes, their new COFs demonstrated high selectivity and performance (Faraday efficiency up to 19.1%) for the production of ethylene. Success of the aminal COFs is due to the high density of active sp3-nitrogen centers, which both very effectively capture CO2and transfer electrons. This results in a high concentration of excited intermediates that can undergo C-C coupling. In contrast, a variety of imine-linked COFs, which contain sp2 nitrogen instead of sp3, were similarly tested and produced no ethylene. This proves the importance of proper electron configuration for the electrochemical reduction of CO2 to ethylene.
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New crystal production method could enhance quantum computers and electronics | ScienceDaily

"Bismuth has fascinated scientists for over a hundred years due to its low melting point and unique electronic properties," said Javier Sanchez-Yamagishi, assistant professor of physics & astronomy at UC Irvine and a co-author of the study. "We developed a new method to make very thin crystals of materials such as bismuth, and in the process reveal hidden electronic behaviors of the metal's surfaces."

The bismuth sheets the team made are only a few nanometers thick. Sanchez-Yamagishi explained how theorists have predicted that bismuth contains special electronic states allowing it to become magnetic when electricity flows through it -- something essential for quantum electronic devices based on the magnetic spin of electrons.

One of the hidden behaviors observed by the team is so-called quantum oscillations originating from the surfaces of the crystals. "Quantum oscillations arise from the motion of an electron in a magnetic field," said Laisi Chen, a Ph.D. candidate in physics & astronomy at UC Irvine and one of the lead authors of the paper. "If the electron can complete a full orbit around a magnetic field, it can exhibit effects that are important for the performance of electronics. Quantum oscillations were first discovered in bismuth in the 1930s, but have never been seen in nanometer-thin bismuth crystals."

Amy Wu, a Ph.D. candidate in physics in Sanchez-Yamagishi's lab, likened the team's new method to a tortilla press. To make the ultra-thin sheets of bismuth, Wu explained, they had to squish bismuth between two hot plates. To make the sheets as flat as they are, they had to use molding plates that are perfectly smooth at the atomic level, meaning there are no microscopic divots or other imperfections on the surface. "We then made a kind of quesadilla or panini where the bismuth is the cheesy filling and the tortillas are the atomically flat surfaces," said Wu.

"There was this nervous moment where we had spent over a year making these beautiful thin crystals, but we had no idea whether its electrical properties would be something extraordinary," said Sanchez-Yamagishi. "But when we cooled down the device in our lab, we were amazed to observe quantum oscillations, which have not been previously seen in thin bismuth films."

"Compression is a very common manufacturing technique used for making common household materials such as aluminum foil, but is not commonly used for making electronic materials like those in your computers," Sanchez-Yamagishi added. "We believe our method will generalize to other materials, such as tin, selenium, tellurium and related alloys with low melting points, and it could be interesting to explore for future flexible electronic circuits."

Next, the team wants to explore other ways in which compression and injection molding methods can be used to make the next computer chips for phones or tablets.

"Our new team members bring exciting ideas to this project, and we're working on new techniques to gain further control over the shape and thickness of the grown bismuth crystals," said Chen. "This will simplify how we fabricate devices, and take it one step closer for mass production."

The research team included collaborators from UC Irvine, Los Alamos National Laboratory and the National Institute for Materials Science in Japan. The research was primarily funded by the Air Force Office of Scientific Research, with partial support coming from the UC Irvine Center for Complex and Active Materials Seed Program, a Materials Research Science and Engineering Center under the National Science Foundation.
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Recycling carbon dioxide into household chemicals | ScienceDaily
A low-cost, tin-based catalyst can selectively convert carbon dioxide to three widely produced chemicals -- ethanol, acetic acid and formic acid.


						
Lurking within the emissions from many industrial operations is an untapped resource -- carbon dioxide (CO2). A contributor of greenhouse gas and global warming, it could instead be captured and converted to value-added chemicals.

In a collaborative project involving the U.S. Department of Energy's (DOE) Argonne National Laboratory, Northern Illinois University and Valparaiso University, scientists report a family of catalysts that efficiently converts CO2 into ethanol, acetic acid or formic acid. These liquid hydrocarbons are among the most produced chemicals in the U.S. and are found in many commercial products. For example, ethanol is a key ingredient in numerous household products and an additive to nearly all U.S. gasoline.

The catalysts are based on tin metal deposited over a carbon support. ?"If fully developed, our catalysts could convert the CO2 produced at various industrial sources to valuable chemicals," said Di-Jia Liu. ?"These sources include fossil fuel power plants and bio-fermentation and waste treatment facilities." Liu is a senior chemist at Argonne and a senior scientist in the Pritzker School of Molecular Engineering at the University of Chicago.

The method used by the team is called electrocatalytic conversion, meaning that CO2 conversion over a catalyst is driven by electricity. By varying the size of tin used from single atoms to ultrasmall clusters and also to larger nano-crystallites, the team could control the CO2 conversion to acetic acid, ethanol and formic acid, respectively. Selectivity for each of these chemicals was 90% or higher. ?"Our finding of a changing reaction path by the catalyst size is unprecedented," Liu said.

Computational and experimental studies revealed several insights into the reaction mechanisms forming the three hydrocarbons. One important insight was that the reaction path completely changes when the ordinary water used in the conversion is switched to deuterated water (deuterium is an isotope of hydrogen). This phenomenon is known as the kinetic isotope effect. It has never been previously observed in CO2 conversion.

This research benefited from two DOE Office of Science user facilities at Argonne -- the Advanced Photon Source (APS) and Center for Nanoscale Materials (CNM). ?"Using the hard X-ray beams available at the APS, we captured the chemical and electronic structures of the tin-based catalysts with different tin loadings," said Chengjun Sun, an Argonne physicist. In addition, the high spatial resolution possible with a transmission electron microscope at CNM directly imaged the arrangement of tin atoms, from single atoms to small clusters, with the different catalyst loadings.




According to Liu, ?"Our ultimate goal is to use locally generated electricity from wind and solar to produce desired chemicals for local consumption."

This would require integrating the newly discovered catalysts into a low-temperature electrolyzer to carry out the CO2 conversion with electricity supplied by renewable energy. Low-temperature electrolyzers can operate at near ambient temperature and pressure. This allows rapid start and stop to accommodate the intermittent supply of renewable energy. It is an ideal technology to serve this purpose.

"If we can selectively produce only the chemicals in need near the site, we can help to cut down on CO2 transport and storage costs," Liu noted. ?"It would truly be a win-win situation for local adopters of our technology."

Support for the research came from DOE's Office of Energy Efficiency and Renewable Energy under the Advanced Manufacturing Office, Industrial Efficiency & Decarbonization Office. Additional support was provided by Argonne's Laboratory Directed Research and Development fund.
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Cosmic rays illuminate the past | ScienceDaily
Researchers at the University of Bern have for the first time been able to pin down a prehistoric settlement of early farmers in northern Greece dating back more than 7,000 years to the year. For this they combined annual growth ring measurements on wooden building elements with the sudden spike of cosmogenic radiocarbon in 5259 BC. This provides a reliable chronological reference point for many other archaeological sites in Southeast Europe.


						
Dating finds plays a key role in archaeology. It is always essential to find out how old a tomb, settlement or single object is. Determining the age of finds from prehistoric times has only been possible for a few decades. Two methods are used for this: dendrochronology, which enables dating on the basis of sequences of annual rings in trees, and radiocarbon dating, which can calculate the approximate age of the finds by the decay rate of the radioactive carbon isotope 14C contained in the tree rings.

A team led by the Institute of Archaeological Sciences at the University of Bern has now succeeded in precisely dating timber from the archaeological site of Dispilio in northern Greece, where dating to the year had previously not been possible, to different building activities between 5328 and 5140 BC. The researchers made use of high-energy particles from space, which can be reliably dated to 5259 BC. Their research has been published in the journal Nature Communications.

Tree-ring chronologies and the 14C method have their limits

Dendrochronology uses characteristic patterns of broad and narrow annual growth rings in wood, which are influenced by climatic conditions. As a result, a wooden object can be dated by comparing the annual growth ring widths with already existing standard or regional chronologies. "In Central Europe there is a tree-ring chronology that goes back almost 12,500 years into the past -- to the year 10,375 BC. However, this chronology only applies to certain regions. There is no consistent chronology for the Mediterranean region," says the lead author of the study, Andrej Maczkowski from the Institute of Archaeological Sciences at the University of Bern.

Therefore, dendrochronological dating from this region must be classified as 'floating' using radiocarbon dating. As long as a tree is alive, it absorbs the radioactive isotope 14C (radiocarbon) contained in the Earth's atmosphere through photosynthesis. When it dies, it no longer absorbs 14C; the isotope decays with a half-life of 5730 years. A laboratory measurement method can then be used to determine how much 14C is still contained in a particular tree ring and thus calculate the tree's approximate time of death over the known half-life. "However, the accuracy of such classifications is in the best case within the range of decades," says Maczkowski. "Until recently, it was therefore believed that dendrochronological dating to the year was only possible if a continuous regional tree-ring chronology was available, which is the case for prehistoric periods in just three regions worldwide: this is the southwestern United States, the northern Alpine foothills and England/Ireland," explains Albert Hafner, Professor of Prehistoric Archaeology at the University of Bern and senior author of the study.

Paradigm shift thanks to Japanese physicist

In 2012, a solution to the problem emerged: Japanese physicist Fusa Miyake discovered that a massive influx of cosmic rays, presumably due to solar flares, can cause an uptick in the atmosphere's 14C content, which is deposited in the respective years' tree rings. These spikes can be accurately dated on the basis of long tree-ring chronologies, and because they are global events, they are important anchor points, especially in regions without consistent annual growth ring chronologies. "Miyake recognized the first anchor points of this kind and thus brought about a paradigm shift in prehistoric archaeology," says Albert Hafner. Today, a dozen of these Miyake events are known up until 12,350 BC, and the two important events in 5259 and 7176 BC were only discovered in 2022 by researchers at ETH Zurich. No such events of similar magnitude have been recorded in the past few centuries. If an event of this magnitude, as in 5259 BC, happens today it will likely have a disastrous effect on telecommunications and electronics.




Miyake event enables dating in Dispilio

The research team from the EXPLO project led by the University of Bern (see box) has succeeded in establishing an annual growth ring chronology spanning 303 years, which ends in 5140 BC, by analyzing 787 pieces of timber from the archaeological site of Dispilio on Lake Orestida in northern Greece. The identified settlement phases show various house building activities over 188 years between 5328 and 5140 BC. This precise dating is possible because there was a known Miyake event during this period in 5259 BC.

Researchers at ETH Zurich were able to detect a spike in radiocarbon content during this time by radiocarbon dating several individually defined annual growth rings. It was therefore a question of reproducing this peak, which is reflected globally in the annual growth ring chronologies of Siberian larch, American pine, and European oak, on the annual growth ring chronology from Dispilio in Greece and connecting it to the anchor point 5259 BC. "The Balkans is therefore the first region in the world to benefit from this paradigm shift and to be able to successfully determine absolute dating independently of a consistent calendar," says Albert Hafner.

Andrej Maczkowski adds: "We expect that other chronologies for the region from this period can now be linked to the 'Dispilio Chronology' in rapid succession. This paves the way to developing a regional dendrochronology for the southern Balkans. "The Balkans have the oldest lakeside settlements in Europe, whose sites are dated to just after 6000 BC. The region played a key role in the expansion of agriculture in Europe.
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Batteries: Modeling tomorrow's materials today | ScienceDaily
Research into new battery materials is aimed at optimizing their performance and lifetime and at reducing costs. Work is also underway to reduce the consumption of rare elements, such as lithium and cobalt, as well as toxicconstituents. Sodium-ion batteries are considered very promising in this respect. They are based on principles similar to those of lithium-ion batteries, but can be produced from raw materials that are widely accessible in Europe. And they are suitable for both stationary and mobile applications. "Layered oxides, such as sodium-nickel-manganese oxides, are highly promising cathode materials," says Dr. Simon Daubner, Group Leader at the Institute for Applied Materials -- Microstructure Modelling and Simulation (IAM-MMS) of KIT and corresponding author of the study. Within the POLiS (stands for Post Lithium Storage) Cluster of Excellence, he investigates sodium-ion technology.


						
Fast Charging Creates Mechanical Stress

However, cathode materials of this type have a problem. Sodium-nickel-manganese oxides change their crystal structure depending on how much sodium is stored. If the material is charged slowly, everything proceeds in a well-ordered way. "Sodium leaves the material Layer by layer, just like cars leaving a carpark story by story," Daubner explains. "But when charging is quick, sodium is extracted from all sides." This results in mechanical stress that may damage the material permanently.

Researchers from the Institute of Nanotechnology (INT) and IAM-MMS of KIT, together with scientists from Ulm University and the Center for Solar Energy and Hydrogen Research Baden-Wurttemberg (ZSW), recently carried out simulations to clarify the situation. They report in npj Computational Materials, a journal of the Nature portfolio.

Experiments Confirm Simulation Results

"Computer models can describe various length scales, from the arrangement of atoms in electrode materials to their microstructure to the cell as the functional unit of any battery," Daubner says. To study the NaXNi1/3Mn2/3O2 layered oxide, microstructured models were combined with slow charge and discharge experiments. The material was found to exhibit several degradation mechanisms causing a loss of capacity. For this reason, it is not yet suited for commercial applications. A change in the crystal structure results in an elastic deformation. The crystal shrinks, which may cause cracking and capacity reduction. INT and IAM-MMS simulations show that this mechanical influence decisively determines the time needed for charging the material. Experimental studies at ZSW confirm these results.

The findings of the study can be transferred partly to other layered oxides. "Now, we understand basic processes and can work on the development of battery materials that are long-lastin and can be charged as quickly as possible," Daubner summarizes. This could lead to the widespread use of sodium-ion batteries in five to ten years' time.
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Complete Stellar Collapse: Unusual star system proves that stars can die quietly | ScienceDaily
University of Copenhagen astrophysicists help explain a mysterious phenomenon, whereby stars suddenly vanish from the night sky. Their study of an unusual binary star system has resulted in convincing evidence that massive stars can completely collapse and become black holes without a supernova explosion.


						
One day, the star at the center of our own solar system, the Sun, will begin to expand until it engulfs Earth. It will then become increasingly unstable until it eventually contracts into a small and dense object known as a white dwarf.

However, if the Sun were of a weight class roughly eight times greater or more, it would probably go out with a huge bang -- as a supernova. Its collapse would culminate into an explosion, ejecting energy and mass into space with enormous force, prior to leaving behind a neutron star or a black hole in its wake.

While this is basic knowledge about how massive stars die, there remains plenty to understand about the starry skies above and the spectacular death of these stars in particular.

New research by astrophysicists at the University of Copenhagen's Niels Bohr Institute presents the strongest evidence to date that very massive stars can succumb with far more stealth and discretion than as supernovae. Indeed, their investigation suggests that, with enough mass, a star's gravitational pull can be so strong that no explosion takes place upon its death. Instead, the star can go through what is known as a complete collapse.

"We believe that the core of a star can collapse under its own weight, as happens to massive stars in the final phase of their lives. But instead of the contraction culminating into a bright supernova explosion that would outshine its own galaxy, expected for stars more than eight times as massive as the Sun, the collapse continues until the star becomes a black hole," explains first author Alejandro Vigna-Gomez, who was a postdoc at the Niels Bohr Institute when this study set in motion.

This discovery is linked to the phenomenon of disappearing stars, which has interested astronomers in recent years, and it may provide both a clear-cut example as well as a plausible scientific explanation for phenomena of this kind.




"Were one to stand gazing up at a visible star going through a total collapse, it might, just at the right time, be like watching a star suddenly extinguish and disappear from the heavens. The collapse is so complete that no explosion occurs, nothing escapes and one wouldn't see any brigh tsupernova in the night sky. Astronomers have actually observed the sudden disappearance of brightly shining stars in recent times. We cannot be sure of a connection, but the results we have obtained from analysing VFTS 243 has brought us much closer to a credible explanation," says Alejandro Vigna-Gomez.

An unusual star system with no signs of an explosion

This discovery has been prompted by the recent observationof an unusual binary star system at the edge of our galaxy called VFTS 243. Here, a large star and black hole roughly 10 times more massive than our Sun orbit one another.

Scientists have known about the existence of such binary star systems in the Milky Way for decades, where one of the stars has become a black hole. But the recent discovery of VFTS 243, just beyond the Milky Way in the Large Magellanic Cloud, is something truly special.

"Normally, supernova events in star systems can be measured in various ways after they occur. But despite the fact that VFTS 243 contains a star that has collapsed into a black hole, the traces of an explosion are nowhere to be found. VFTS 243 is an extraordinary system. The orbit of the system has barely changed since the collapse of the star into a black hole," says Alejandro Vigna-Gomez.

The researchers have analysed the observational data for a range of signs that would be expected from a star system having undergone a supernova-explosion in the past. Generally, they found evidence of such an event minor and unconvincing.




The system does not show sign of a significant "natal kick," an acceleration of the orbiting objects. It is also very symmetrical, almost perfectly circular in it's orbit, and remaining signs from the energy release during the core collapse of the former star points to a type of energy consistent with complete collapse.

"Our analysis unequivocally points to the fact that the black hole in VFTS 243 was most likely formed immediately, with the energy mainly being lost via neutrinos," says Professor Irene Tamborra from the Niels Bohr Institute, who also participated in the study.

A benchmark system for future studies

According to Professor Tamborra, the VFTS 243 system opens the possibility for finally comparing a range of astrophysics theories and model calculations with actual observations. She expects that the star system will be important for studying stellar evolution and collapse.

"Our results highlight VFTS 243 as the best observable case so far for the theory of stellar black holes formed through total collapse, where the supernova explosion fails and which our models have shown to be possible. It is an important reality check for these models. And we certainly expect that the system will serve as a crucial benchmark for future research into stellar evolution and collapse," says the professor.

Background Information

The missing "natal kick" and other (lacking) signs of a supernova

The violent forces of a supernova directly affect the newborn neutron stars or black holes left by it, because of the asymmetric emission of matter during the explosion. This is what the researchers refer to as a "natal kick."This kick causes the compact object to accelerate. A natal kick will normally give neutron stars a measurable speed of 100-1000 km per second. The speed is expected to be less for black holes, but still significant.

Because the black hole in the VFTS 243 system only appears to have been acceleratedto roughly 4 km/s, it shows no sign of having received a substantial natal kick, like would be expected had it undergone a supernova.

Similarly, the symmetry of a star system's orbit usually show signs that it has felt the impact of a violent supernova explosion, because of the ejection of matter that happens. Instead, the researchers found symmetry.

"The orbit of VFTS is almost circular and our analysis indicates there are no signs of large asymmetries during collapse. This again indicates the absence of an explosion," says Alejandro Vigna Gomez.

A burst of energy

Analysing the orbit of the binary star system, the team has also been able to calculate the amount of mass and energy released during the formation of the black hole.

Their estimations are consistent with a scenario in which the smaller kick imparted during the stellar collapse was not due to baryonic matter, which includes neutrons and protons, rather to so-called neutrinos. Neutrinos have very little mass and interact very weakly. This is another indication that the system did not experience an explosion.

 Black holes

Not even light can escape from black holes. As such, they cannot be observed directly. However, some black holes can be identified due to the large amounts of energy being emitted from the gases rotating around them. Others, as in the case of VFTS 243, can be observed by the influence they have on stars with which they orbit.

In general, astronomers believe there to be three types of black holes:

Stellar black holes -- such as those of the VFTS 243 system -- form when stars with more than eight times the mass of the Sun collapse. Scientists believe there may be as many as 100 million of these in our galaxy alone.

Supermassive black holes -- 100,000 -- 10 billion times the mass of the Sun -- are thought to be at the centre of nearly all galaxies. Sagittarius A* is the supermassive black hole at centre of our galaxy, the Milky Way.

Intermediate-mass black holes (IMBH) -- 100-100,000 times the mass of our Sun -- were long a missing link. In recent years, a number of credible candidates have emerged.

There are also theories that describe other types of black holes, which have yet to be discovered. One of these, so-called Primordial black holes, are supposed to have formed in the early universe and could theoretically be microscopic.

 Disappearing stars

In modern times, there have been many observations of stars that inexplicably disappear.

"A Survey about Nothing" led by astrophysicist Chris Kochanek is an example of the research efforts actively looking for disappearing stars and explanations for their disappearance.

The curious reader can also delve into historical descriptions. These often have to do with suddenly luminous stars that disappear consistent with supernova scenarios. But there are other stories about suddenly disappearing stars, such as the Greek myth associated with the Pleiades star cluster, commonly known as the Seven Sisters. The Pleiades myth describes the seven daughters of the titan Atlas and nymph Pleione. According to the myth, one of their daughters married a human and went into hiding, which provides a very unscientific, but beautiful explanation for why we only see six stars in the Pleiades.
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3D printing robot creates extreme shock-absorbing shape, with help of AI | ScienceDaily
Inside a lab in Boston University's College of Engineering, a robot arm drops small, plastic objects into a box placed perfectly on the floor to catch them as they fall. One by one, these tiny structures -- feather-light, cylindrical pieces, no bigger than an inch tall -- fill the box. Some are red, others blue, purple, green, or black.


						
Each object is the result of an experiment in robot autonomy. On its own, learning as it goes, the robot is searching for, and trying to make, an object with the most efficient energy-absorbing shape to ever exist.

To do this, the robot creates a small plastic structure with a 3D printer, records its shape and size, moves it to a flat metal surface -- and then crushes it with a pressure equivalent to an adult Arabian horse standing on a quarter. The robot then measures how much energy the structure absorbed, how its shape changed after being squashed, and records every detail in a vast database. Then, it drops the crushed object into the box and wipes the metal plate clean, ready to print and test the next piece. It will be ever-so-slightly different from its predecessor, its design and dimensions tweaked by the robot's computer algorithm based on all past experiments -- the basis of what's called Bayesian optimization. Experiment after experiment, the 3D structures get better at absorbing the impact of getting crushed.

These experiments are possible because of the work of Keith Brown, an ENG associate professor of mechanical engineering, and his team in the KABlab. The robot, named MAMA BEAR -- short for its lengthy full title, Mechanics of Additively Manufactured Architectures Bayesian Experimental Autonomous Researcher -- has evolved since it was first conceptualized by Brown and his lab in 2018. By 2021, the lab had set the machine on its quest to make a shape that absorbs the most energy, a property known as its mechanical energy absorption efficiency. This current iteration has run continuously for over three years, filling dozens of boxes with more than 25,000 3D-printed structures.

Why so many shapes? There are countless uses for something that can efficiently absorb energy -- say, cushioning for delicate electronics being shipped across the world or for knee pads and wrist guards for athletes. "You could draw from this library of data to make better bumpers in a car, or packaging equipment, for example," Brown says.

To work ideally, the structures have to strike the perfect balance: they can't be so strong that they cause damage to whatever they're supposed to protect, but should be strong enough to absorb impact. Before MAMA BEAR, the best structure anyone ever observed was about 71 percent efficient at absorbing energy, says Brown. But on a chilly January afternoon in 2023, Brown's lab watched their robot hit 75 percent efficiency, breaking the known record. The results have just been published in Nature Communications.

"When we started out, we didn't know if there was going to be this record-breaking shape," says Kelsey Snapp (ENG'25), a PhD student in Brown's lab who oversees MAMA BEAR. "Slowly but surely we kept inching up, and broke through."

The record-breaking structure looks like nothing the researchers would have expected: it has four points, shaped like thin flower petals, and is taller and narrower than the early designs.




"We're excited that there's so much mechanical data here, that we're using this to learn lessons about design more generally," Brown says.

Their extensive data is already getting its first real-life application, helping to inform the design of new helmet padding for US Army soldiers. Brown, Snapp, and project collaborator Emily Whiting, a BU College of Arts & Sciences associate professor of computer science, worked with the US Army and went through field testing to ensure helmets using their patent-pending padding are comfortable and provide sufficient protection from impact. The 3D structure used for the padding is different from the record-breaking piece -- with a softer center and shorter stature to help with comfort.

MAMA BEAR is not Brown's only autonomous research robot. His lab has other "BEAR" robots performing different tasks -- like the nano BEAR, which studies the way materials behave at the molecular scale using a technology called atomic force microscopy. Brown has also been working with Jorg Werner, an ENG assistant professor of mechanical engineering, to develop another system, known as the PANDA -- short for Polymer Analysis and Discovery Array -- BEAR to test thousands of thin polymer materials to find one that works best in a battery.

"They're all robots that do research," Brown says. "The philosophy is that they're using machine learning together with automation to help us do research much faster."

"Not just faster," adds Snapp. "You can do things you couldn't normally do. We can reach a structure or goal that we wouldn't have been able to achieve otherwise, because it would have been too expensive and time-consuming." He has worked closely with MAMA BEAR since the experiments began in 2021, and gave the robot its ability to see -- known as machine vision -- and clean its own test plate.

The KABlab is hoping to further demonstrate the importance of autonomous research. Brown wants to keep collaborating with scientists in various fields who need to test incredibly large numbers of structures and solutions. Even though they already broke a record, "we have no ability to know if we've reached the maximum efficiency," Brown says, meaning they could possibly break it again. So, MAMA BEAR will keep on running, pushing boundaries further, while Brown and his team see what other applications the database can be useful for. They're also exploring how the more than 25,000 crushed pieces can be unwound and reloaded into the 3D printers so the material can be recycled for more experiments.

"We're going to keep studying this system, because mechanical efficiency, like so many other material properties, is only accurately measured by experiment," Brown says, "and using self-driving labs helps us pick the best experiments and perform them as fast as possible."
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Improving statistical methods to protect wildlife populations | ScienceDaily
In human populations, it is relatively easy to calculate demographic trends and make projections of the future if data on basic processes such as births and immigration is known. The data, given by individuals, can be also death and emigration, which subtract. In the wild, on the other hand, understanding the processes that determine wildlife demographic patterns is a highly complex challenge for the scientific community. Although a wide range of methods are now available to estimate births and deaths in wildlife, quantifying emigration and immigration has historically been difficult or impossible in many populations of interest, particularly in the case of threatened species.


						
A paper published in the journal Biological Conservation warns that missing data on emigration and immigration movements in wildlife can lead to significant biases in species' demographic projections. As a result, projections about the short-, medium- and long-term future of study populations may be inadequate. This puts their survival at risk due to the implementation of erroneous or ineffective conservation strategies. The authors of the new study are Joan Real, Jaume A. Badia-Boher and Antonio Hernandez-Matias, from the Conservation Biology team of the Faculty of Biology of the University of Barcelona and the Institute for Research on Biodiversity (IRBio).

More reliable population predictions

This new study on population biology is based on data collected from 2008 to 2020 on the population of the Bonelli's eagle (Aquila fasciata), a threatened species that can be found in Catalonia in the coastal and pre-coastal mountain ranges, from the Emporda to Terres de L'Ebre. In the study, the team emphasises the precision of the population viability analysis (PVA) methodology to improve the management and conservation of long-lived species in the natural environment.

"Population viability analyses are a set of methods that allow us to project the demography of a species into the future, mainly to quantify the probability of extinction of a given species or population of interest," says Joan Real, professor at the Department of Evolutionary Biology, Ecology and Environmental Sciences and head of the Conservation Biology team.

"To date -- he continues -- these projections have mostly been carried out only with data on births and deaths, so that migration processes were ignored because of the difficulty of obtaining these data. In other words, we are trying to make demographic projections without considering two key demographic processes."

Threats affecting more and more species

In the study of wildlife, population models that do not incorporate immigration or emigration "have a considerable probability of leading to biased projections of future population trends. However, explicitly considering migratory processes allows us to consider all the key demographic processes that determine the future trend of a population," says expert Jaume A. Badia-Boher, first author of the study. "This allows us to be much more precise when making demographic predictions, and therefore also when planning future conservation strategies," he adds.




The development of new and more sophisticated statistical methods over the last decade has made it possible to estimate emigration and immigration in a much more accessible way than before. Including these processes in population viability analyses is therefore relatively straightforward, the paper details.

"This new perspective may imply a relevant advance in the reliability of population viability analyses, which will allow us to estimate the future trend of populations more accurately and propose conservation actions more efficiently," notes Professor Antonio Hernandez-Matias. "This is of great importance given that in the current context of global change the extinction rates of species are increasing, and more and more species require urgent and effective conservation actions to reverse their decline," the expert says.

Applying methodological developments to conserve biodiversity

Introducing changes in the structure and modelling of population viability analyses can lead to multiple benefits in many areas of biodiversity research and conservation. "Methodological advances are effective when they are applied. For this reason, the application of the new methodology in populations and species of conservation interest should be promoted. It is a priority to make these methodologies known to the scientific community, managers and administration, in order to prioritise conservation actions with the best available methods," say the authors.

"In the future, new methodologies must continue to be developed, as has been done in this study, as they are key to understanding how wild populations function, what measures need to be implemented to conserve them, and how to make these measures as efficient as possible. In the case of endangered species such as the Bonelli's eagle, knowing the rates of emigration and immigration is key to understanding the state of self-sustainability of a population, and thus implementing efficient conservation measures," concludes the team.
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How AI helps programming a quantum computer | ScienceDaily
Researchers from the University of Innsbruck have unveiled a novel method to prepare quantum operations on a given quantum computer, using a machine learning generative model to find the appropriate sequence of quantum gates to execute a quantum operation. The study, recently published in Nature Machine Intelligence, marks a significant step forward in unleashing the full extent of quantum computing.


						
Generative models like diffusion models are one of the most important recent developments in Machine Learning (ML), with models as Stable Diffusion and Dall.e revolutionizing the field of image generation. These models are able to produce high quality images based on some text description. "Our new model for programming quantum computers does the same but, instead of generating images, it generates quantum circuits based on the text description of the quantum operation to be performed," explains Gorka Munoz-Gil from the Department of Theoretical Physics of the University of Innsbruck, Austria.

To prepare a certain quantum state or execute an algorithm on a quantum computer, one needs to find the appropriate sequence of quantum gates to perform such operations. While this is rather easy in classical computing, it is a great challenge in quantum computing, due to the particularities of the quantum world. Recently, many scientists have proposed methods to build quantum circuits with many relying machine learning methods. However, training of these ML models is often very hard due to the necessity of simulating quantum circuits as the machine learns.

Diffusion models avoid such problems due to the way how they are trained. "This provides a tremendous advantage," explains Gorka Munoz-Gil, who developed the novel method together with Hans J. Briegel and Florian Furrutter. "Moreover, we show that denoising diffusion models are accurate in their generation and also very flexible, allowing to generate circuits with different numbers of qubits, as well as types and numbers of quantum gates." The models also can be tailored to prepare circuits that take into consideration the connectivity of the quantum hardware, i.e. how qubits are connected in the quantum computer. "As producing new circuits is very cheap once the model is trained, one can use it to discover new insights about quantum operations of interest," Gorka Munoz-Gil names another potential of the new method.

The method developed at the University of Innsbruck produces quantum circuits based on user specifications and tailored to the features of the quantum hardware the circuit will be run on. This marks a significant step forward in unleashing the full extent of quantum computing. The work has now been published in Nature Machine Intelligence and was financially supported by the Austrian Science Fund FWF and the European Union, among others.
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AI can help improve ER admission decisions | ScienceDaily
Generative artificial intelligence (AI), such as GPT-4, can help predict whether an emergency room patient needs to be admitted to the hospital even with only minimal training on a limited number of records, according to investigators at the Icahn School of Medicine at Mount Sinai. Details of the research were published in the May 21 online issue of the Journal of the American Medical Informatics Association.


						
In the retrospective study, the researchers analyzed records from seven Mount Sinai Health System hospitals, using both structured data, such as vital signs, and unstructured data, such as nurse triage notes, from more than 864,000 emergency room visits while excluding identifiable patient data. Of these visits, 159,857 (18.5 percent) led to the patient being admitted to the hospital.

The researchers compared GPT-4 against traditional machine-learning models such as Bio-Clinical-BERT for text and XGBoost for structured data in various scenarios, assessing its performance to predict hospital admissions independently and in combination with the traditional methods.

"We were motivated by the need to test whether generative AI, specifically large language models (LLMs) like GPT-4, could improve our ability to predict admissions in high-volume settings such as the Emergency Department," says co-senior author Eyal Klang, MD, Director of the Generative AI Research Program in the Division of Data-Driven and Digital Medicine (D3M) at Icahn Mount Sinai. "Our goal is to enhance clinical decision-making through this technology. We were surprised by how well GPT-4 adapted to the ER setting and provided reasoning for its decisions. This capability of explaining its rationale sets it apart from traditional models and opens up new avenues for AI in medical decision-making."

While traditional machine-learning models use millions of records for training, LLMs can effectively learn from just a few examples. Moreover, according to the researchers, LLMs can incorporate traditional machine-learning predictions, improving performance

"Our research suggests that AI could soon support doctors in emergency rooms by making quick, informed decisions about patient admissions. This work opens the door for further innovation in health care AI, encouraging the development of models that can reason and learn from limited data, like human experts do," says co-senior author Girish N. Nadkarni, MD, MPH, Irene and Dr. Arthur M. Fishberg Professor of Medicine at Icahn Mount Sinai, Director of The Charles Bronfman Institute of Personalized Medicine, and System Chief of D3M. "However, while the results are encouraging, the technology is still in a supportive role, enhancing the decision-making process by providing additional insights, not taking over the human component of health care, which remains critical."

The research team is investigating how to apply large language models to health care systems, with the goal of harmoniously integrating them with traditional machine-learning methods to address complex challenges and decision-making in real-time clinical settings.




"Our study informs how LLMs can be integrated into health care operations. The ability to rapidly train LLMs highlights their potential to provide valuable insights even in complex environments like health care," says Brendan Carr, MD, MA, MS, a study co-author and emergency room physician who is Chief Executive Officer of Mount Sinai Health System. "Our study sets the stage for further research on AI integration in health care across the many domains of diagnostic, treatment, operational, and administrative tasks that require continuous optimization."

The paper is titled "Evaluating the accuracy of a state-of-the-art large language model for prediction of admissions from the emergency room."

The remaining authors of the paper, all with Icahn Mount Sinai, are Benjamin S. Glicksberg, PhD; Dhaval Patel, BS; Ashwin Sawant, MD; Akhil Vaid, MD; Ganesh Raut, BS; Alexander W. Charney, MD, PhD; Donald Apakama, MD; and Robert Freeman, RN.

The work was supported by the National Heart Lung and Blood Institute NIH grant 5R01HL141841-05.
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Math discovery provides new method to study cell activity, aging | ScienceDaily
New mathematical tools revealing how quickly cell proteins break down are poised to uncover deeper insights into how we age, according to a recently published paper co-authored by a Mississippi State researcher and his colleagues from Harvard Medical School and the University of Cambridge.


						
Galen Collins, assistant professor in MSU's Department of Biochemistry, Molecular Biology, Entomology and Plant Pathology, co-authored the groundbreaking paper published in the Proceedings of the National Academy of Sciences, or PNAS, in April.

"We already understand how quickly proteins are made, which can happen in a matter of minutes," said Collins, who is also a scientist in the Mississippi Agricultural and Forestry Experiment Station. "Until now, we've had a very poor understanding of how much time it takes them to break down."

The paper in applied mathematics, "Maximum entropy determination of mammalian proteome dynamics," presents the new tools that quantify the degradation rates of cell proteins -- how quickly they break down -- helping us understand how cells grow and die and how we age. Proteins -- complex molecules made from various combinations of amino acids -- carry the bulk of the workload within a cell, providing its structure, responding to messages from outside the cell and removing waste.

The results proved that not all proteins degrade at the same pace but instead fall into one of three categories, breaking down over the course of minutes, hours or days. While previous research has examined cell protein breakdown, this study was the first to quantify mathematically the degradation rates of all cell protein molecules, using a technique called maximum entropy.

"For certain kinds of scientific questions, experiments can often reveal infinitely many possible answers; however, they are not all equally plausible," said lead author Alexander Dear, research fellow in applied mathematics at Harvard University. "The principle of maximum entropy is a mathematical law that shows us how to precisely calculate the plausibility of each answer -- its 'entropy' -- so that we can choose the one that is the most likely."

"This kind of math is sort of like a camera that zooms in on your license plate from far away and figures out what the numbers should be," Collins said. "Maximum entropy gives us a clear and precise picture of how protein degradation occurs in cells."

In addition, the team used these tools to study some specific implications of protein degradation for humans and animals. For one, they examined how those rates change as muscles develop and adapt to starvation.




"We found that starvation had the greatest impact on the intermediate group of proteins in muscular cells, which have a half-life of a few hours, causing the breakdown to shift and accelerate," Collins said. "This discovery could have implications for cancer patients who experience cachexia, or muscle wasting due to the disease and its treatments."

They also explored how a shift in the breakdown of certain cell proteins contributes to neurodegenerative disease.

"These diseases occur when waste proteins, which usually break down quickly, live longer than they should," Collins said. "The brain becomes like a teenager's bedroom, accumulating trash, and when you don't clean it up, it becomes uninhabitable."

Dear affirmed the study's value lies not only in what it revealed about cell protein degeneration, but also in giving scientists a new method to investigate cell activity with precision.

"Our work provides a powerful new experimental method for quantifying protein metabolism in cells," he said. "Its simplicity and rapidity make it particularly well-suited for studying metabolic changes."

Collins's post-doctoral advisor at Harvard and a co-author of the article, the late Alfred Goldberg, was a pioneer in studying the life and death of proteins. Collins noted this study was built on nearly five decades of Goldberg's research and his late-career collaboration with mathematicians from the University of Cambridge. After coming to MSU a year ago, Collins continued collaborating with his colleagues to complete the paper.

"It's an incredible honor to be published in PNAS, but it was also a lot of fun being part of this team," Collins said. "And it's very meaningful to see my former mentor's body of work wrapped up and published."
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Researchers introduce programmable materials to help heal broken bones | ScienceDaily
Natural materials like bone, bird feathers and wood have an intelligent approach to physical stress distribution, despite their irregular architectures. However, the relationship between stress modulation and their structures has remained elusive. A new study that integrates machine learning, optimization, 3D printing and stress experiments allowed engineers to gain insight into these natural wonders by developing a material that replicates the functionalities of human bone for orthopedic femur restoration.


						
Fractures of the femur, the long bone in the upper leg, are a widespread injury in humans and are prevalent among elderly individuals. The broken edges cause stress to concentrate at the crack tip, increasing the chances that the fracture will lengthen. Conventional methods of repairing a fractured femur typically involve surgical procedures to attach a metal plate around the fracture with screws, which may cause loosening, chronic pain and further injury.

The study, led by University of Illinois Urbana-Champaign civil and environmental engineering professor Shelly Zhang and graduate student Yingqi Jia in collaboration with professor Ke Liu from Peking University, introduces a new approach to orthopedic repair that uses a fully controllable computational framework to produce a material that mimics bone.

The study findings are published in the journal Nature Communications.

"We started with materials database and used a virtual growth stimulator and machine learning algorithms to generate a virtual material, then learn the relationship between its structure and physical properties," Zhang said. "What separates this work from past studies is that we took things a step further by developing a computational optimization algorithm to maximize both the architecture and stress distribution we can control."

In the lab, Zhang's team used 3D printing to fabricate a full-scale resin prototype of the new bio-inspired material and attached it to a synthetic model of a fractured human femur.

"Having a tangible model allowed us to run real-world measurements, test its efficacy and confirm that it is possible to grow a synthetic material in a way analogous to how biological systems are built," Zhang said. "We envision this work helping to build materials that will stimulate bone repair by providing optimized support and protection from external forces."

Zhang said this technique can be applied to various biological implants wherever stress manipulation is needed. "The method itself is quite general and can be applied to different types of materials such like metals, polymers -- virtually any type of material," she said. "The key is the geometry, local architecture and the corresponding mechanical properties, making applications almost endless."

The David C. Crawford Faculty Scholar Award from the U. of I. supported this research.

Zhang also is affiliated with mechanical science and engineering and the National Center for Supercomputing Applications at Illinois.
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Powering wearable devices with high-performing carbon nanotube yarns | ScienceDaily
For generating electricity from body heat, NAIST researchers have developed a carbon nanotube (CNT) yarn with highly aligned CNT bundles and heat inhibiting molecules.


						
With the growth of the Internet of Things, sustainable solution for powering wireless sensors and devices are considered important. Thermoelectric generators, for example, which have the ability to convert waste heat into electricity can offer a sustainable solution. Researchers around the world have been working on such solutions. A research team, led by Masakazu Nakamura from Nara Institute of Science and Technology (NAIST), Japan has also been working on flexible wearable thermoelectric generators that produce electricity from body heat by sewing nanomaterial called carbon nanotubes (CNTs) into fabric.

Effective thermoelectric (TE) materials are characterized by high electrical conductivity enabling high electrical current and large Seebeck coefficient generating voltage by temperature difference. CNTs meet most of these requirements. Their flexibility and high mechanical strength also make them promising for various TE applications. However, the high thermal conductivity of CNTs limits their TE performance. To lower their thermal conductivity, CNTs are dispersed in a solution where they can be combined with other materials. This dispersion is then spun into CNT yarns using a wet-spinning process. However, conventional dispersion methods often entangle nanometer-thick CNT filaments, which lowers their electrical conductivity and thermoelectric performance.

Now, however, in a study published in ACS Applied Nano Materials, Nakamura, along with a PhD student Anh N. Nguyen and other members also from NAIST, introduced a new method for dispersing CNTs. By utilizing glycerol as a dispersant and polyoxyethylene(50) stearyl ether as a surfactant (a substance used to improve the spreading and wetting properties of a liquid), the researchers achieved a CNT yarn with aligned CNT bundles.

"We introduce a low-cost, fast, and environmentally friendly method for the development of flexible and fabric-type wearable thermoelectric devices," says Nakamura.

Glycerol is highly viscous, making it an excellent medium for evenly dispersing CNTs, while the surfactant prevents the CNTs from agglomerating in the dispersion. The surfactants with oxyethylene groups also impede heat transfer by getting in between the CNT bundles.

The concentration of surfactant is crucial, as it influences both the thermal and electrical conductivity of the CNT dispersion. After testing CNT properties at various surfactant concentrations (3%, 4%, and 5%), researchers found that a 3% surfactant concentration, when combined with a solution containing glycerol and CNTs, gave the best results. The process, which only took three hours to complete and used ecofriendly chemicals, produced CNT yarn with highly aligned eight nm diameter CNT bundles with surfactant between them.

Aligning the CNTs typically increases both the electrical and thermal conductivity. However, by sandwiching surfactant molecules between CNT bundles, researchers were able to suppress heat transport. The CNT yarns had a power factor of 242 mW m[?]1 K[?]2 (reflecting performance) three times higher than that of CNT yarns previously obtained from methods that use ionic liquids as dispersants.

"The key to high performance is to unravel the entanglement of the raw CNT material and increase the degree of CNT orientation when spun from the dispersion," explains Nakamura.

Thus, the proposed novel approach holds promise for enhancing the thermoelectric performance of CNT materials from yarns to films and bulk structures.
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By listening, scientists learn how a protein folds | ScienceDaily
By converting their data into sounds, scientists discovered how hydrogen bonds contribute to the lightning-fast gyrations that transform a string of amino acids into a functional, folded protein. Their report, in the Proceedings of the National Academy of Sciences, offers an unprecedented view of the sequence of hydrogen-bonding events that occur when a protein morphs from an unfolded to a folded state.


						
"A protein must fold properly to become an enzyme or signaling molecule or whatever its function may be -- all the many things that proteins do in our bodies," said University of Illinois Urbana-Champaign chemistry professor Martin Gruebele, who led the new research with composer and software developer Carla Scaletti.

Misfolded proteins contribute to Alzheimer's disease, Parkinson's disease, cystic fibrosis and other disorders. To better understand how this process goes awry, scientists must first determine how a string of amino acids shape-shifts into its final form in the watery environment of the cell. The actual transformations occur very fast, "somewhere between 70 nanoseconds and two microseconds," Gruebele said.

Hydrogen bonds are relatively weak attractions that align atoms located on different amino acids in the protein. A folding protein will form a series of hydrogen bonds internally and with the water molecules that surround it. In the process, the protein wiggles into countless potential intermediate conformations, sometimes hitting a dead-end and backtracking until it stumbles onto a different path.

The researchers wanted to map the time sequence of hydrogen bonds that occur as the protein folds. But their visualizations could not capture these complex events.

"There are literally tens of thousands of these interactions with water molecules during the short passage between the unfolded and folded state," Gruebele said.

So the researchers turned to data sonification, a method for converting their molecular data into sounds so that they could "hear" the hydrogen bonds forming. To accomplish this, Scaletti wrote a software program that assigned each hydrogen bond a unique pitch. Molecular simulations generated the essential data, showing where and when two atoms were in the right position in space -- and close enough to one another -- to hydrogen bond. If the correct conditions for bonding occurred, the software program played a pitch corresponding to that bond. Altogether, the program tracked hundreds of thousands of individual hydrogen-bonding events in sequence.




Numerous studies suggest that audio is processed roughly twice as fast as visual data in the human brain, and humans are better able to detect and remember subtle differences in a sequence of sounds than if the same sequence is represented visually, Scaletti said.

"In our auditory system, we're really very attuned to small differences in frequency," she said. "We use frequencies and combinations of frequencies to understand speech, for example."

A protein spends most of its time in the folded state, so the researchers also came up with a "rarity" function to identify when the rare, fleeting moments of folding or unfolding took place.

The resulting sounds gave them insight into the process, revealing how some hydrogen bonds seem to speed up folding while others appear to slow it. They characterized these transitions, calling the fastest "highway," the slowest "meander," and the intermediate ones "ambiguous."

Including the water molecules in the simulations and hydrogen-bonding analysis was essential to understanding the process, Gruebele said.

"Half of the energy from a protein-folding reaction comes from the water and not from the protein," he said. "We really learned by doing sonification how water molecules settle into the right place on the protein and how they help the protein conformation change so that it finally becomes folded."

While hydrogen bonds are not the only factor contributing to protein folding, these bonds often stabilize a transition from one folded state to another, Gruebele said. Other hydrogen bonds may temporarily impede proper folding. For example, a protein may get hung up in a repeating loop that involves one or more hydrogen bonds forming, breaking and forming again -- until the protein eventually escapes from this cul de sac to continue its journey to its most stable folded state.

"Unlike the visualization, which looks like a total random mess, you actually hear patterns when you listen to this," Gruebele said. "This is the stuff that was impossible to visualize but it's easy to hear."
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Can coal mines be tapped for rare earth elements? | ScienceDaily
Deposits of designated critical minerals needed to transition the world's energy systems away from fossil fuels may, ironically enough, be co-located with coal deposits that have been mined to produce the fossil fuel most implicated in climate change.


						
Now, research led by the University of Utah has documented elevated concentrations of a key subset of critical minerals, known as rare earth elements, or REEs, in active mines rimming the Uinta coal belt of Colorado and Utah.

These findings open the possibility that these mines could see a secondary resource stream in the form of metals used in renewable energy and numerous other high-tech applications, according to study co-author Lauren Birgenheier, an associate professor of geology and geophysics.

"The model is if you're already moving rock, could you move a little more rock for resources towards energy transition?" Birgenheier said. "In those areas, we're finding that the rare earth elements are concentrated in fine-grain shale units, the muddy shales that are above and below the coal seams."

This research was conducted in partnership with the Utah Geological Survey and Colorado Geological Survey as part of the Department of Energy-funded Carbon Ore, Rare Earth and Critical Minerals project, or CORE-CM. The new findings will form the basis for a grant request of an additional $9.4 million in federal funding to continue the research.

While these metals are crucial for U.S. manufacturing, especially in high-end technologies, they are largely sourced from overseas.

"When we talk about them as 'critical minerals,' a lot of the criticality is related to the supply chain and the processing," said Michael Free, a professor metallurgical engineering and the principal investigator on the DOE grant. "This project is designed around looking at some alternative unconventional domestic sources for these materials."

The association between coal and REE deposits has been well documented elsewhere, but little data had been previously gathered or analyzed in Utah and Colorado's coal fields.




"The goal of this phase-one project was to collect additional data to try and understand whether this was something worth pursuing in the West," said study co-author Michael Vanden Berg, Energy and Minerals Program Manager at the Utah Geological Survey. "Is there rare earth element enrichment in these rocks that could provide some kind of byproduct or value added to the coal mining industry?"

Researchers analyzed 3,500 samples from 10 mines, four mine waste piles, seven stratigraphically complete cores, and even some coal ash piles near power plants.

"The coal itself is not enriched in rare earth elements," Vanden Berg said. "There's not going to be a byproduct from mining the coal, but for a company mining the coal seam, could they take a couple feet of the floor at the same time? Could they take a couple feet of the ceiling? Could there be potential there? That's the direction that the data led us."

The team deployed two different methods to record levels of rare earths, expressed in parts per million, or ppm, in the samples. One was a hand-held device for quick readings in the field, the other used Inductively Coupled Plasma-Mass Spectrometry, or ICP-MS, in an on-campus lab.

"We're mostly using this portable x-ray fluorescence device, which is an analysis gun that we hold to the rock for two minutes, and it only gives us five or six of the 17 rare earth elements," Birgenheier said. If samples showed concentrations higher than 200 ppm, they ran a more complete analysis using the more costly mass spectrometry equipment.

The Department of Energy has set 300 ppm as the minimum concentration for rare earth mining to be potentially economically viable. But for the study, researchers deemed concentrations greater than 200 ppm to be considered "REE enriched."

The study found the highest prevalence of such concentrations in coal-adjacent formations of siltstone and shale, while sandstone and the coal itself were mostly devoid of rare earths.

The team has analyzed 11,000 samples to date, far more than were used in the published study. Next steps include determining how much rare earth ore is present, likely to be done with colleagues at the University of Wyoming and New Mexico Institute of Mining and Technology.
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Evolving market dynamics foster consumer inattention that can lead to risky purchases | ScienceDaily
Researchers have developed a new theory of how changing market conditions can lead large numbers of otherwise cautious consumers to buy risky products such as subprime mortgages, cryptocurrency or even cosmetic surgery procedures.


						
These changes can occur in categories of products that are generally low risk when they enter the market. As demand increases, more companies may enter the market and try to attract consumers with lower priced versions of the product that carry more risk. If the negative effects of that risk are not immediately noticeable, the market can evolve to keep consumers ignorant of the risks, said Michelle Barnhart, an associate professor in Oregon State University's College of Business and a co-author of a new paper.

"It's not just the consumer's fault. It's not just the producer's fault. It's not just the regulator's fault. All these things together create this dilemma," Barnhart said. "Understanding how such a situation develops could help consumers, regulators and even producers make better decisions when they are faced with similar circumstances in the future."

The researchers' findings were recently published in the Journal of Consumer Research. The paper's lead author is Lena Pellandini-Simanyi of the University of Lugano in Switzerland.

Barnhart, who studies consumer culture and market systems; has researched credit and debit in the U.S. Pellandini-Simanyi, a sociologist with expertise in consumer markets, has studied personal finance in European contexts. Together they analyzed the case of the Hungarian mortgage crisis to understand how people who generally view themselves as risk averse end up pursuing a high-risk product or service.

To better understand the consumer mindset, the researchers conducted 47 interviews with Hungarian borrowers who took out low-risk mortgages in the local forint currency or in higher risk foreign currency as the Hungarian mortgage industry evolved between 2001 and 2010. They also conducted a larger survey of mortgage borrowers, interviewed 37 finance and mortgage industry experts and financial regulators and analyzed regulatory documents and parliamentary proceedings.

They found patterns that led to mortgages becoming riskier over time and social and marketplace changes that lead consumers to enter into a state of collective ignorance of increasing risks. In addition, they identified characteristics that encouraged these patterns. Other markets with these characteristics are likely to develop in a similar way.




"Typically, when there is a new product on the market, people are quite skeptical. The early adopters carefully examine this product, they become highly educated about it and do a lot of work to determine if the risk is too high," Pellandini-Sumanyi said. "If they deem the risk too high, they don't buy it."

But if those early adopters use the new product or service successfully, the next round of consumers is likely to assume the product will work for them in a similar fashion without examining it in as much detail, even if the quality of the product has been reduced, the researchers noted.

"Then everything starts to spiral, with quality dropping in the rush to meet consumer demand and maintain profits, and consumers relying more and more on social information that suggests this is a safe purchase without investigating how the risks might have changed," Barnhart said.

"It also can lead to a 'prudence paradox,' where the most risk averse people wait to enter the market until the end stages and end up buying super risky products. They exercise caution by waiting but they wait so long, they end up with the worst products."

The spiral is typically only broken through intervention, either through market collapse or regulation. For example, while cosmetic surgery is relatively safe, an increase in availability of inexpensive procedures at facilities that lacked sufficient equipment and expertise led to a rise in botched procedures until regulation caught up.

"These findings demonstrate the power of social information," Barnhart said. "In this environment, it's very difficult for any individual consumer to pay attention to and assess risk because doing so is so far outside of the norm."

To protect themselves against collective ignorance, consumers should ensure that they are weighing their personal risk against others whose experiences are actually similar, Pellandini-Sumanyi said.

"Make sure this is an apples-to-apples comparison of products and the consumers' circumstances," she said.
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AI chips could get a sense of time | ScienceDaily
Artificial neural networks may soon be able to process time-dependent information, such as audio and video data, more efficiently. The first memristor with a 'relaxation time' that can be tuned is reported today in Nature Electronics, in a study led by the University of Michigan.


						
Memristors, electrical components that store information in their electrical resistance, could reduce AI's energy needs by about a factor of 90 compared to today's graphical processing units. Already, AI is projected to account for about half a percent of the world's total electricity consumption in 2027, and that has the potential to balloon as more companies sell and use AI tools.

"Right now, there's a lot of interest in AI, but to process bigger and more interesting data, the approach is to increase the network size. That's not very efficient," said Wei Lu, the James R. Mellor Professor of Engineering at U-M and co-corresponding author of the study with John Heron, U-M associate professor of materials science and engineering.

The problem is that GPUs operate very differently from the artificial neural networks that run the AI algorithms -- the whole network and all its interactions must be sequentially loaded from the external memory, which consumes both time and energy. In contrast, memristors offer energy savings because they mimic key aspects of the way that both artificial and biological neural networks function without external memory. To an extent, the memristor network can embody the artificial neural network.

"We anticipate that our brand-new material system could improve the energy efficiency of AI chips six times over the state-of-the-art material without varying time constants," said Sieun Chae, a recent U-M Ph.D. graduate in materials science and engineering and co-first-author of the study with Sangmin Yoo, a recent U-M PhD graduate in electrical and computer engineering.

In a biological neural network, timekeeping is achieved through relaxation. Each neuron receives electrical signals and sends them on, but it isn't a guarantee that a signal will move forward. Some threshold of incoming signals must be reached before the neuron will send its own, and it has to be met in a certain amount of time. If too much time passes, the neuron is said to relax as the electrical energy seeps out of it. Having neurons with different relaxation times in our neural networks helps us understand sequences of events.

Memristors operate a little differently. Rather than the total presence or absence of a signal, what changes is how much of the electrical signal gets through. Exposure to a signal reduces the resistance of the memristor, allowing more of the next signal to pass. In memristors, relaxation means that the resistance rises again over time.




While Lu's group had explored building relaxation time into memristors in the past, it was not something that could be systematically controlled. But now, Lu and Heron's team have shown that variations on a base material can provide different relaxation times, enabling memristor networks to mimic this timekeeping mechanism.

The team built the materials on the superconductor YBCO, made of yttrium, barium, carbon and oxygen. It has no electrical resistance at temperatures below -292 Fahrenheit, but they wanted it for its crystal structure. It guided the organization of the magnesium, cobalt, nickel, copper and zinc oxides in the memristor material.

Heron calls this type of oxide, an entropy-stabilized oxide, the "kitchen sink of the atomic world" -- the more elements they add, the more stable it becomes. By changing the ratios of these oxides, the team achieved time constants ranging from 159 to 278 nanoseconds, or trillionths of a second. The simple memristor network they built learned to recognize the sounds of the numbers zero to nine. Once trained, it could identify each number before the audio input was complete.

These memristors were made through an energy-intensive process because the team needed perfect crystals to precisely measure their properties, but they anticipate that a simpler process would work for mass manufacturing.

"So far, it's a vision, but I think there are pathways to making these materials scalable and affordable," Heron said. "These materials are earth-abundant, nontoxic, cheap and you can almost spray them on."

The research was funded by the National Science Foundation. It was done in partnership with researchers at the University of Oklahoma, Cornell University and Pennsylvania State University.

The device was built in the Lurie Nanofabrication Facility and studied at the Michigan Center for Materials Characterization.

Lu is also a professor of electrical and computer engineering and materials science and engineering. Chae is now an assistant professor of electrical engineering and computer science at Oregon State University.
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World leaders still need to wake up to AI risks | ScienceDaily
Leading AI scientists are calling for stronger action on AI risks from world leaders, warning that progress has been insufficient since the first AI Safety Summit in Bletchley Park six months ago.


						
Then, the world's leaders pledged to govern AI responsibly. However, as the second AI Safety Summit in Seoul (21-22 May) approaches, twenty-five of the world's leading AI scientists say not enough is actually being done to protect us from the technology's risks. In an expert consensus paper published today in Science, they outline urgent policy priorities that global leaders should adopt to counteract the threats from AI technologies.

Professor Philip Torr,Department of Engineering Science,University of Oxford, a co-author on the paper, says: "The world agreed during the last AI summit that we needed action, but now it is time to go from vague proposals to concrete commitments. This paper provides many important recommendations for what companies and governments should commit to do."

World's response not on track in face of potentially rapid AI progress 

According to the paper's authors, it is imperative that world leaders take seriously the possibility that highly powerful generalist AI systems -- outperforming human abilities across many critical domains -- will be developed within the current decade or the next. They say that although governments worldwide have been discussing frontier AI and made some attempt at introducing initial guidelines, this is simply incommensurate with the possibility of rapid, transformative progress expected by many experts.

Current research into AI safety is seriously lacking, with only an estimated 1-3% of AI publications concerning safety. Additionally, we have neither the mechanisms or institutions in place to prevent misuse and recklessness, including regarding the use of autonomous systems capable of independently taking actions and pursuing goals.

World-leading AI experts issue call to action

In light of this, an international community of AI pioneers has issued an urgent call to action. The co-authors include Geoffrey Hinton, Andrew Yao, Dawn Song, the late Daniel Kahneman; in total 25 of the world's leading academic experts in AI and its governance. The authors hail from the US, China, EU, UK, and other AI powers, and include Turing award winners, Nobel laureates, and authors of standard AI textbooks.




This article is the first time that such a large and international group of experts have agreed on priorities for global policy makers regarding the risks from advanced AI systems.

Urgent priorities for AI governance

The authors recommend governments to:
    	establish fast-acting, expert institutions for AI oversight and provide these with far greater funding than they are due to receive under almost any current policy plan. As a comparison, the US AI Safety Institute currently has an annual budget of $10 million, while the US Food and Drug Administration (FDA) has a budget of $6.7 billion.
    	mandate much more rigorous risk assessments with enforceable consequences, rather than relying on voluntary or underspecified model evaluations.
    	require AI companies to prioritise safety, and to demonstrate their systems cannot cause harm. This includes using "safety cases" (used for other safety-critical technologies such as aviation) which shifts the burden for demonstrating safety to AI developers.
    	implement mitigation standards commensurate to the risk-levels posed by AI systems. An urgent priority is to set in place policies that automatically trigger when AI hits certain capability milestones. If AI advances rapidly, strict requirements automatically take effect, but if progress slows, the requirements relax accordingly.

According to the authors, for exceptionally capable future AI systems, governments must be prepared to take the lead in regulation. This includes licensing the development of these systems, restricting their autonomy in key societal roles, halting their development and deployment in response to worrying capabilities, mandating access controls, and requiring information security measures robust to state-level hackers, until adequate protections are ready.

AI impacts could be catastrophic

AI is already making rapid progress in critical domains such as hacking, social manipulation, and strategic planning, and may soon pose unprecedented control challenges. To advance undesirable goals, AI systems could gain human trust, acquire resources, and influence key decision-makers. To avoid human intervention, they could be capable of copying their algorithms across global server networks. Large-scale cybercrime, social manipulation, and other harms could escalate rapidly. In open conflict, AI systems could autonomously deploy a variety of weapons, including biological ones. Consequently, there is a very real chance that unchecked AI advancement could culminate in a large-scale loss of life and the biosphere, and the marginalization or extinction of humanity.

Stuart Russell OBE, Professor of Computer Science at the University of California at Berkeley and an author of the world's standard textbook on AI, says: "This is a consensus paper by leading experts, and it calls for strict regulation by governments, not voluntary codes of conduct written by industry. It's time to get serious about advanced AI systems. These are not toys. Increasing their capabilities before we understand how to make them safe is utterly reckless. Companies will complain that it's too hard to satisfy regulations -- that "regulation stifles innovation." That's ridiculous. There are more regulations on sandwich shops than there are on AI companies."
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Webb Telescope offers first glimpse of an exoplanet's interior | ScienceDaily
A surprisingly low amount of methane and a super-sized core hide within the cotton candy-like planet WASP-107 b.


						
The revelations, based on data obtained by the James Webb Space Telescope, mark the first measurements of an exoplanet's core mass and will likely underpin future studies of planetary atmospheres and interiors, a key aspect in the search for habitable worlds beyond our solar system.

"Looking into the interior of a planet hundreds of light-years away sounds almost impossible, but when you know the mass, radius, atmospheric composition, and hotness of its interior, you've got all the pieces you need to get an idea of what's inside and how heavy that core is," said lead author David Sing, a Bloomberg Distinguished Professor of Earth and Planetary Sciences at Johns Hopkins University. "This is now something we can do for lots of different gas planets in various systems."

Published today in Nature, the research shows the planet has a thousand times less methane than expected and a core 12 times more massive than Earth's.

A giant planet wrapped by a scorching atmosphere as fluffy as cotton, WASP-107 b orbits a star about 200 light-years away. It is puffy because of its build: a Jupiter-sized world with only a tenth of that planet's mass.

Even though it has methane -- a building block of life on Earth -- the planet is not considered habitable because of its proximity to its parent star and lack of a solid surface. But it could hold important clues about late-stage planetary evolution.

In a separate study published today in Nature, other scientists also spotted methane with the Webb telescope and provided similar insights about the planet's size and density.




"We want to look at planets more similar to the gas giants in our own solar system, which have a lot of methane in their atmospheres," Sing said. "This is where the story of WASP-107 b got really interesting, because we didn't know why the methane levels were so low."

The new methane measurements suggest the molecule transforms into other compounds as it flows upward from the planet's interior, interacting with a concoction of other chemicals and starlight in the upper atmosphere. The team also measured sulfur dioxide, water vapor, carbon dioxide, and carbon monoxide -- and found WASP-107 b has more heavy elements than Uranus and Neptune.

The profile of the planet's chemistry is starting to reveal key pieces in the puzzle of how planetary atmospheres behave in extreme conditions, Sing said. His team will conduct similar observations over the next year on an additional 25 planets with the Webb telescope.

"We had never been able to study this mixing process in an exoplanet atmosphere in detail, so this will go a long way in understanding how these dynamic chemical reactions operate," Sing said. "It's something we definitely need as we start looking at rocky planets and biomarker signatures."

Scientists had speculated that the planet's overinflated radius resulted from a source of heat inside, said Zafar Rustamkulov, a Johns Hopkins doctoral student in planetary science who co-led the research. By combining atmospheric and interior physics models with Webb's data of WASP-107 b, the team accounted for how the planet's thermodynamics influences its observable atmosphere.

"The planet has a hot core, and that heat source is changing the chemistry of the gases deeper down, but it's also driving this strong, convective mixing bubbling up from the interior," Rustamkulov said. "We think this heat is causing the chemistry of the gases to change, specifically destroying methane and making elevated amounts of carbon dioxide and carbon monoxide."

The new findings also represent the clearest connection scientists have been able to make about the interior of an exoplanet and the top of its atmosphere, Rustamkulov said. Last year the Webb telescope spotted sulfur dioxide about 700 light-years away in a different exoplanet called WASP-39, providing the first evidence of an atmospheric compound created by starlight-driven reactions.




The Johns Hopkins team is now focusing on what might be keeping the core hot, and expects forces might be in play similar to those causing high and low tides in Earth's oceans. They plan to test whether the planet is being stretched and pulled by its star and how that might account for the core's high heat.

Other study authors are Daniel P. Thorngren and Elena Manjavacas of Johns Hopkins University; Joanna K. Barstow of the Open University; Pascal Tremblin of Universite Paris-Saclay; Catarina Alves de Oliveira, Stephan M. Birkmann, and Pierre Ferruit of the European Space Agency; Tracy L. Beck, Nestor Espinoza, Amelie Gressier, Marco Sirianni, and Jeff A. Valenti of the Space Telescope Science Institute; Ryan C. Challener of Cornell University; Nicolas Crouzet, Giovanna Giardino, and Nikole K. Lewis of Leiden University; Elspeth K. H. Lee; Roberto Maiolino of University of Cambridge; and Bernard J. Rauscher of NASA Goddard Space Flight Center.

This research is based on data obtained from the Space Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy Inc., under NASA contract NAS 5-03127.
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Blueprints of self-assembly | ScienceDaily
Many biological structures of impressive beauty and sophistication arise through processes of self-assembly. Indeed, the natural world is teeming with intricate and useful forms that come together from many constituent parts, taking advantage of the built-in features of molecules.


						
Scientists hope to gain a better understanding of how this process unfolds and how such bottom-up construction can be used to advance technologies in computer science, materials science, medical diagnostics and other areas.

In new research, Arizona State University Assistant Professor Petr Sulc and his colleagues have taken a step closer to replicating nature's processes of self-assembly. Their study describes the synthetic construction of a tiny, self-assembled crystal known as a "pyrochlore," which bears unique optical properties.

The key to creating the crystal is the development of a new simulation method that can predict and guide the self-assembly process, avoiding unwanted structures and ensuring the molecules come together in just the right arrangement.

The advance provides a steppingstone to the eventual construction of sophisticated, self-assembling devices at the nanoscale -- roughly the size of a single virus.

The new methods were used to engineer the pyrochlore nanocrystal, a special type of lattice that could eventually function as an optical metamaterial, "a special type of material that only transmits certain wavelengths of light," Sulc says. "Such materials can then be used to produce so-called optical computers and more sensitive detectors, for a range of applications."

Sulc is a researcher in the Biodesign Center for Molecular Design and Biomimetics, the School of Molecular Sciences and the Center for Biological Physics at Arizona State University.




The research appears in the current issue of the journal Science.

From chaos to complexity

Imagine placing a disassembled watch into a box, which you then shake vigorously for several minutes. When you open the box, you find an assembled, fully functional watch inside. Intuitively, we know that such an event is nearly impossible, as watches, like all other devices we manufacture, must be assembled progressively, with each component placed in its specific location by a person or a robotic assembly line.

Biological systems, such as bacteria, living cells or viruses, can construct highly ingenious nanostructures and nanomachines -- complexes of biomolecules, like the protective shell of a virus or bacterial flagella that function similarly to a ship's propeller, helping bacteria move forward.

These and countless other natural forms, comparable in size to a few dozen nanometers -- one nanometer is equal to one-billionth of a meter, or roughly the length your fingernail grows in one second -- arise through self-assembly. Such structures are formed from individual building blocks (biomolecules, such as proteins) that move chaotically and randomly within the cell, constantly colliding with water and other molecules, like the watch components in the box you vigorously shake.

Despite the apparent chaos, evolution has found a way to bring order to the unruly process.




Molecules interact in specific ways that lead them to fit together in just the right manner, creating functional nanostructures inside or on the cell's surface. These include various intricate complexes inside cells, such as machinary that can replicate entire genetic material. Less intricate examples, but quite complex nevertheless, include self-assembly of the tough outer shells of viruses, whose assembly process Sulc also previously studied with his colleague, Banu Ozkan from ASU's Department of Physics.

Crafting with DNA

For several decades, the field of bionanotechnology has worked to craft tiny structures in the lab, replicating the natural assembly process seen in living organisms. The technique generally involves mixing molecular components in water, gradually cooling them and hoping that when the solution reaches room temperature, all the pieces will fit together correctly.

One of the most successful strategies, known as DNA bionanotechnology, uses artificially synthesized DNA as the basic building block. This molecule of life is not only capable of storing vast troves of genetic information -- strands of DNA can also be designed in the lab to connect with each other in such a way that a clever 3D structure is formed.

The resulting nanostructures, known as DNA origami, have a range of promising applications, from diagnostics to therapy, where, for example, they are being tested as a new method of vaccine delivery.

A significant challenge lies in engineering molecule interactions to form only the specific, pre-designed nanostructures. In practice, unexpected structures often result due to the unpredictable nature of particle collisions and interactions. This phenomenon, known as a kinetic trap, is akin to hoping for an assembled watch after shaking a box of its parts, only to find a jumbled heap instead.

Maintaining order

To attempt to overcome kinetic traps and ensure the proper structure self-assembles from the DNA fragments, the researchers developed new statistical methods that can simulate the self-assembly process of nanostructures.

The challenges for achieving useful simulations of such enormously complex processes are formidable. During the assembly phase, the chaotic dance of molecules can last several minutes to hours before the target nanostructure is formed, but the most powerful simulations in the world can only simulate a few milliseconds at most.

"Therefore, we developed a whole new range of models that can simulate DNA nanostructures with different levels of precision," Sulc says. "Instead of simulating individual atoms, as is common in protein simulations, for example, we represent 12,000 DNA bases as one complex particle."

This approach allows researchers to pinpoint problematic kinetic traps by combining computer simulations with different degrees of accuracy. Using their optimization method, researchers can fine-tune the blizzard of molecular interactions, compelling the components to assemble correctly into the intended structure.

The computational framework established in this research will guide the creation of more complex materials and the development of nanodevices with intricate functions, with potential uses in both diagnostics and treatment.

The research work was carried out in collaboration with researchers from Sapienza University of Rome, Ca' Foscari University of Venice and Columbia University in New York.
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Seeking stronger steel, systematic look at 120 combinations of alloy elements provides clues | ScienceDaily
Decarbonization of automobiles not only requires a shift from gasoline engines to electric motors, but also quality steel parts that help the motors run while lessening the weight of vehicles. High-performance steel materials can offer quieter rides and resist the wear and tear from high-speed rotation in motors. To create them, the process of modifying the steel surface with carbon, nitrogen, and alloy elements needs to be optimized.


						
To understand the interactions between elements in steel, a systematic investigation has been conducted by an Osaka Metropolitan University research group led by Associate Professor Tokuteru Uesugi of the Graduate School of Informatics. The group theoretically calculated 120 combinations of how 12 alloy elements, including aluminum and titanium, interact with carbon during carburization and nitrogen in the nitriding process.

The results showed that when titanium is placed in a specific arrangement, it bonds with nitrogen or carbon, hardening the iron. The group's analytical data also showed that the alloy element must have a larger metallic radius than the iron atom to bond well.

"Although it was not easy to elucidate the mechanism from the results of numerous calculations, we used multiple linear regression and stratified analysis through trial and error," Professor Uesugi stated. "These results are expected to contribute to a better understanding of the mechanisms of steel strengthening and improved durability, and to the development of superior materials."
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2D materials: A catalyst for future quantum technologies | ScienceDaily
For the first time, scientists at the Cavendish Laboratory have found that a single 'atomic defect' in a thin material, Hexagonal Boron Nitride (hBN), exhibits spin coherence under ambient conditions, and that these spins can be controlled with light. Spin coherence refers to an electronic spin being capable of retaining quantum information over time. The discovery is significant because materials that can host quantum properties under ambient conditions is quite rare.


						
The findings published in Nature Materials, further confirm that the accessible spin coherence at room temperature is longer than the researchers initially imagined it could be. "The results show that once we write a certain quantum state onto the spin of these electrons, this information is stored for ~1 millionth of a second, making this system a very promising platform for quantum applications," said Carmem M. Gilardoni, co-author of the paper and Rubicon postdoctoral fellow at the Cavendish Laboratory.

"This may seem short, but the interesting thing is that this system does not require special conditions -- it can store the spin quantum state even at room temperature and with no requirement for large magnets."

Hexagonal Boron Nitride (hBN) is an ultra-thin material made up of stacked one-atom-thick layers, kind of like sheets of paper. These layers are held together by forces between molecules. But sometimes, there are 'atomic defects' withinthese layers, similar to a crystal with molecules trapped inside it. These defects can absorb and emit light in the visible range with well-defined optical transitions, and they can act as local traps for electrons. Because of these 'atomic defects' within hBN, scientists can now study how these trapped electrons behave. They can study the spin property, which allows electrons to interact with magnetic fields. What's truly exciting is that researchers can control and manipulate the electron spins using light within these defects at room temperature.

This finding paves the way for future technological applications particularly in sensing technology.

However, since this is the first time anyone has reported the spin coherence of the system, there is a lot to investigate before it is mature enough for technological applications. The scientists are still figuring out how to make these defects even better and more reliable. They are currently probing how far we can extend the spin storage time, and whether we can optimise the system and material parameters that are important for quantum-technological applications, such as defect stability over time and the quality of the light emitted by this defect.

"Working with this system has highlighted to us the power of the fundamental investigation of materials. As for the hBN system, as a field we can harness excited state dynamics in other new material platforms for use in future quantum technologies," said Dr. Hannah Stern, first author of the paper, who conducted this research at the Cavendish Laboratory and is now a Royal Society University Research Fellow and Lecturer at University of Manchester.

In future the researchers are looking at developing the system further, exploring many different directions from quantum sensors to secure communications.

"Each new promising system will broaden the toolkit of available materials, and every new step in this direction will advance the scalable implementation of quantum technologies. These results substantiate the promise of layered materials towards these goals," concluded Professor Mete Atature, Head of the Cavendish Laboratory, who led the project.
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Robot-phobia could exacerbate hotel, restaurant labor shortage | ScienceDaily
Using more robots to close labor gaps in the hospitality industry may backfire and cause more human workers to quit, according to a Washington State University study.


						
The study, involving more than 620 lodging and food service employees, found that "robot-phobia" -- specifically the fear that robots and technology will take human jobs -- increased workers' job insecurity and stress, leading to greater intentions to leave their jobs. The impact was more pronounced with employees who had real experience working with robotic technology. It also affected managers in addition to frontline workers. The findings were published in theInternational Journal of Contemporary Hospitality Management.

"The turnover rate in the hospitality industry ranks among the highest across all non-farm sectors, so this is an issue that companies need to take seriously," said lead author Bamboo Chen, a hospitality researcher in WSU's Carson College of Business. "The findings seem to be consistent across sectors and across both frontline employees and managers. For everyone, regardless of their position or sector, robot-phobia has a real impact."

Food service and lodging industries were hit particularly hard by the pandemic lockdowns, and many businesses are still struggling to find enough workers. For example, the accommodation workforce in April 2024 was still 9.2% below what it was in February 2020, according to U.S. Bureau of Labor Statistics. The ongoing labor shortage has inspired some employers to turn to robotic technology to fill the gap.

While other studies have focused on customers' comfort with robots, this study focuses on how the technology impacted hospitality workers. Chen and WSU colleague Ruying Cai surveyed 321 lodging and 308 food service employees from across the U.S., asking a range of questions about their jobs and attitudes toward robots. The survey defined "robots" broadly to include a range of robotic and automation technologies, such as human-like robot servers and automated robotic arms as well as self-service kiosks and tabletop devices.

Analyzing the survey data, the researchers found that having a higher degree of robot-phobia was connected to greater feelings of job insecurity and stress -- which were then correlated with "turnover intention" or workers' plans to leave their jobs. Those fears did not decrease with familiarity: employees who had more actual engagement with robotic technology in their daily jobs had higher fears that it would make human workers obsolete.

Perception also played a role. The employees who viewed robots as being more capable and efficient also ranked higher in turnover intention.

Robots and automation can be good ways to help augment service, Chen said, as they can handle tedious tasks humans typically do not like doing such as washing dishes or handling loads of hotel laundry. But the danger comes if the robotic additions cause more human workers to quit. The authors point out this can create a "negative feedback loop" that can make the hospitality labor shortage worse.

Chen recommended that employers communicate not only the benefits but the limitations of the technology -- and place a particular emphasis on the role human workers play.

"When you're introducing a new technology, make sure not to focus just on how good or efficient it will be. Instead, focus on how people and the technology can work together," he said.
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Extreme complexity in formation of rare earth mineral vital for tech industry | ScienceDaily
In a ground-breaking study, researchers from Trinity College Dublin have unveiled that myriad, intricate factors influence the genesis and chemistry of bastnasite and rare earth carbonates, which are critically needed for today's tech industry and its hardware outputs.


						
Their work, just published in international journal Global Challenges, unveils a newly acquired depth of understanding that had previously been unexplored in this field. In combination, the findings mark a significant advancement and promise to reshape our understanding of rare earth mineral formation.

Crucially, as global demand for rare earth elements continues to rise -- largely to satisfy the growing demand for the mobile phones, batteries and speakers in which they are put to work -- insights from this research could have far-reaching implications and various industrial and environmental applications.

What have the researchers found?

Contrary to prior assumptions, the new research reveals that the formation of bastnasite -- the top rare earth mineral exploited by industry -- is not a straightforward process but instead one driven by a very complex interplay of multiple factors.

The experimental approach involved studying the interaction between solutions containing multiple rare earth elements and common calcium-magnesium carbonate minerals like calcite, aragonite and dolomite (which are ubiquitous in nature) under hydrothermal conditions ranging from 21 to 210 degC. The team tested two solution types: one with equal rare earths concentrations, and another one simulating concentrations more typical of the usual hydrothermal fluids found on Earth.

The findings show that when the common calcium-magnesium carbonate minerals react with rare earth-rich fluids, they change their structures and chemical compositions, forming a series of rare earth-bearing minerals with exotic names like lanthanite, kozoite, bastnasite and cerianite, with very complex chemistries, shapes and textures.




Particularly interesting is that different solution types lead to distinct outcomes: For example, equal-concentration solutions promote kozoite and bastnasite crystallisation, maintaining similar rare earths ratios in solids and solutions.

Conversely, hydrothermal fluids mimicking the ones found on Earth result in rare earth-bearing minerals with varied elemental distributions -- and some of these even go through decarbonation processes due to the formation of rare earth oxides.

Ultimately, the experiments showcase the extremely dynamic nature of rare earths mineral formation, with unstable minerals transforming into more stable ones over time, and sometimes developing textures impacted by adjacent mineral reactions that further underscore the complexity of the process.

What are the potential implications?

The implications of this research extend far beyond the laboratory. Understanding the complex processes involved in bastnasite formation has profound implications for geologists and industry alike. The research demonstrates that the development of advanced simulation models is strongly needed, allowing scientists to replicate natural conditions and explore alternative methods for mineral extraction or synthesis.

While challenges remain, the insights from this study open the door for new experimental protocols to understand the fate of rare earth elements in complex geological ores where they concentrate.

Melanie Maddin, PhD researcher in Geology in Trinity's School of Natural Sciences, is the lead author of this study. She said: "These findings challenge the models previously applied to rare earth mineral formation. Our research highlights the dependence of crystallisation pathways, mineral formation kinetics, and chemical texture on a myriad of factors, including rare earth concentrations, ionic radii, temperature, time, and host grain solubility."

Juan Diego Rodriguez-Blanco, Principal Investigator of the research group and Professor in Trinity's School of Natural Sciences, emphasised the significance of these findings in understanding not only bastnasite formation but also the broader field of rare earth mineralogy.

Dr Rodriguez-Blanco, a funded investigator in iCRAG (Science Foundation Ireland Research Centre in Applied Geosciences), said: "This study opens new avenues for research in geochemistry and mineralogy, paving the way for a more comprehensive understanding of mineral formation processes."
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Expanding on the fundamental principles of liquid movement | ScienceDaily
From the rain drops rolling down your window, to the fluid running across a COVID rapid test, we cannot go a day without observing the world of fluid dynamics. Naturally, how liquids traverse across, and through, surfaces are a heavily researched subject, where new discoveries can have profound effects in the fields of energy conversion technology, electronics cooling, biosensors, and micro-/nano-fabrications.


						
Now, using mathematical modeling and experimentation, researchers from Kyushu University's Faculty of Engineering have expanded on a fundamental principle in fluid dynamics. Their new findings may lead to more efficient product development in many liquid-based industries such as high-end electronics manufacturing and lab-on-a-chip disease diagnosis.

"We are living in an ever-present world of liquid and flow," explains Assistant Professor Zhenying Wang, the first author of the study that was published in the Journal of Fluid Dynamics. "Over the decades, scientist have made efforts to mathematically describe the seemingly simple phenomena of liquid flow and spreading. For example, Tanner's law describes how a droplet of water spreads on a solid surface over time."

However, these equations remain incomplete. Even the classic Tanner's law is only valid for non-volatile liquids like oil. The law becomes less reliable when it comes to volatile liquids like water, alcohol, and perfumes due to the thermodynamics between the air, liquid, and surface coming into play.

"Therefore, we looked into the current laws in hopes of expanding our understanding of the dynamics of volatile liquids," continues Wang. "We began by mathematically introducing parameters that reflect how volatile liquids react under similar conditions when Tanner's law was derived."

The team -- in collaboration with Prashant Valluri of the University of Edinburgh and George Karapetsas of Aristotle University of Thessaloniki -- then conducted a series of experiments carefully imaging the movement and thermodynamics of volatile liquids. These two approaches allowed the researchers scale up the established fluid dynamic principles and put together a more diverse picture of the physics of volatile liquids interacting with a surface and the air.

"The work here depicts a vast range of real cases and draws a more complete picture of liquid dynamics that could not be explained simply by Tanner's law," explains co-author of the paper Associate Professor Chihiro Inoue. "At a more practical level, these results could play a significant role in various liquid-based industries, for example in the cooling of electronics and other energy devices. The world of fluid dynamics can be very meticulous, but careful examination of it is required if we hope to decipher the fundamental flows around us."
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New AI algorithm may improve autoimmune disease prediction and therapies | ScienceDaily
A new advanced artificial intelligence (AI) algorithm may lead to better -- and earlier -- predictions and novel therapies for autoimmune diseases, which involve the immune system mistakenly attacking their body's own healthy cells and tissues. The algorithm digs into the genetic code underlying the conditions to more accurately model how genes associated with specific autoimmune diseases are expressed and regulated and to identify additional genes of risk.


						
The work, developed by a team led by Penn State College of Medicine researchers, outperforms existing methodologies and identified 26% more novel gene and trait associations, the researchers said. They published their work today (May 20) in Nature Communications.

"We all carry some DNA mutations, and we need to figure out how any one of these mutations may influence gene expression linked to disease so we can predict disease risk early. This is especially important for autoimmune disease," said Dajiang Liu, distinguished professor, vice chair for research, and director of artificial intelligence and biomedical informatics at the Penn State College of Medicine and co-senior author of the study. "If an AI algorithm can more accurately predict disease risk, it means we can carry out interventions earlier."

Genetics often underpin disease development. Variations in DNA can influence gene expression, or the process by which the information in DNA is converted into functional products like a protein. How much or how little a gene is expressed can influence disease risk.

Genome-wide association studies (GWAS), a popular approach in human genetics research, can home in on regions of the genome associated with a particular disease or trait but can't pinpoint the specific genes that affect disease risks. It's like sharing your location with a friend with the precise location setting turned off on your smartphone -- the city might be obvious, but the address is obscured. Existing methods are also limited in the granularity of its analysis. Gene expression can be specific to certain types of cells. If the analysis doesn't distinguish between distinct cell types, the results may overlook real causal relationships between genetic variants and gene expression.

The research team's method, dubbed EXPRESSO for EXpression PREdiction with Summary Statistics Only, applies a more advanced artificial intelligence algorithm and analyzes data from single-cell expression quantitative trait loci, a type of data that links genetic variants to the genes they regulate. It also integrates 3D genomic data and epigenetics -- which measures how genes may be modified by environment to influence disease -- into its modeling. The team applied EXPRESSO to GWAS datasets for 14 autoimmune diseases, including lupus, Crohn's disease, ulcerative colitis and rheumatoid arthritis.

"With this new method, we were able to identify many more risk genes for autoimmune disease that actually have cell-type specific effects, meaning that they only have effects in a particular cell type and not others," said Bibo Jiang, assistant professor at the Penn State College of Medicine and senior author of the study.




The team then used this information to identify potential therapeutics for autoimmune disease. Currently, there aren't good long-term treatment options, they said.

"Most treatments are designed to mitigate symptoms, not cure the disease. It's a dilemma knowing that autoimmune disease needs long-term treatment, but the existing treatments often have such bad side effects that they can't be used for long. Yet, genomics and AI offer a promising route to develop novel therapeutics," said Laura Carrel, professor of biochemistry and molecular biology at the Penn State College of Medicine and co-senior author of the study.

The team's work pointed to drug compounds that could reverse gene expression in cell types associated with an autoimmune disease, such as vitamin K for ulcerative colitis and metformin, which is typically prescribed for type 2 diabetes, for type 1 diabetes. These drugs, already approved by the Food and Drug Administration as safe and effective for treating other diseases, could potentially be repurposed.

The research team is working with collaborators to validate their findings in a laboratory setting and, ultimately, in clinical trials.

Lida Wang, a doctoral student in the biostatistics program, and Chachrit Khunsriraksakul, who earned a doctorate in bioinformatics and geonomics in 2022 and his medical degree in May from Penn State, co-led the study. Other Penn State College of Medicine authors on the paper include: Havell Markus, who is pursuing a doctorate and a medical degree; Dieyi Chen, doctoral candidate; Fan Zhang, graduate student; and Fang Chen, postdoctoral scholar. Xiaowei Zhan, associate professor at UT Southwestern Medical Center, also contributed to the paper.

Funding from the National Institutes of Health (grant numbers R01HG011035, R01AI174108 and R01ES036042) and the Artificial Intelligence and Biomedical Informatics pilot grant from the Penn State College of Medicine supported this work.
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Ion irradiation offers promise for 2D material probing | ScienceDaily
Two-dimensional materials such as graphene promise to form the basis of incredibly small and fast technologies, but this requires a detailed understanding of their electronic properties. New research demonstrates that fast electronic processes can be probed by irradiating the materials with ions first.


						
A collaboration involving researchers at the University of Illinois Urbana-Champaign and the University of Duisburg-Essen has shown that when graphene is irradiated with ions, or electrically charged atoms, the electrons that are ejected give information about the graphene's electronic behavior. Moreover, the Illinois group performed the first calculations involving high-temperature graphene, and the Duisburg-Essen group experimentally verified the predictions by irradiation. This research was reported in the journal Nano Letters.

"Irradiating materials and observing the change in properties to deduce what's going on inside the material is a well-established technique, but now we are taking first steps towards using ions instead of laser light for that purpose," said Andre Schleife, the Illinois group lead and a professor of materials science & engineering. "The advantage is that ions allow highly localized, short-time excitations in the material compared to what laser light can do. This enables high-precision studies of how graphene and other 2D materials evolve over time."

When an ion collides with a 2D material, energy is transferred to both the atomic nuclei and electrons. Some of the electrons are given enough energy to be ejected from the material. The features of these so-called "secondary electrons" are determined by the characteristics of the electrons in the material such as their temperature and distribution of energies.

"There's a delay between the ion's 'impact' and secondary electron emission, and that's the key piece of information that we were after in our simulations," said Yifan Yao, the study's lead author and a graduate student in Schleife's research group. "We did this for graphene at absolute zero with no thermal energy present as well as graphene that has thermal energy and a higher temperature. We're actually the first to be simulating 'hot' graphene like this."

The Illinois group performed calculations based on graphene irradiated with hydrogen ions -- bare protons -- and computed how secondary electrons were released over time and their resulting energy spectrum. These results agreed well with the Duisburg-Essen group's results that used argon and xenon ions.

In addition, the computational study provides insight into the underlying mechanisms of secondary electron emission. High-temperature graphene released more secondary electrons, and a careful examination of the charge distributions indicated that the atomic nuclei in the material's lattice rather than the material's electrons are responsible.

According to Schleife, the promise of this technique goes beyond precision 2D material measurements. "Looking years into the future, there's a possibility that ion irradiation can be used to deliberately introduce defects into materials and manipulate them," he said. "But, in the near term, we have shown that irradiation can be used as a high-precision measurement technique."
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Physicists propose path to faster, more flexible robots | ScienceDaily

The paper, written by doctoral candidate Chinmay Katke, assistant professor C. Nadir Kaplan, and co-author Peter A. Korevaar from Radboud University in the Netherlands, proposes a new physical mechanism that could speed up the expansion and contraction of hydrogels. For one thing, this opens up the possibility for hydrogels to replace rubber-based materials used to make flexible robots -- enabling these fabricated materials to perhaps move with a speed and dexterity close to that of human hands.

Soft robots are already being used in manufacturing, where a hand-like device is programmed to grab an item from a conveyer belt -- picture a hot dog or piece of soap -- and place it in a container to be packaged. But the ones in use now lean on hydraulics or pneumatics to change the shape of the "hand" to pick up the item.

Akin to our own body, hydrogels mostly contain water and are everywhere around us, e.g., food jelly and shaving gel. Katke, Korevaar, and Kaplan's research appears to have found a method that allows hydrogels to swell and contract much more quickly, which would improve their flexibility and capability to function in different settings.

Living organisms use osmosis for such activities as bursting seed dispersing fruits in plants or absorbing water in the intestine. Normally, we think of osmosis as a flow of water moving through a membrane, with bigger molecules like polymers unable to move through. Such membranes are called semi-permeable membranes and were thought to be necessary to trigger osmosis.

Previously, Korevaar and Kaplan had done experiments by using a thin layer of hydrogel film comprised of polyacrylic acid. They had observed that even though the hydrogel film allows both water and ions to pass through and is not selective, the hydrogel rapidly swells due to osmosis when ions are released inside the hydrogel and shrinks back again.

Katke, Korevaar, and Kaplan developed a new theory to explain the above observation. This theory tells that microscopic interactions between ions and polyacrylic acid can make hydrogel swell when the released ions inside the hydrogel are unevenly spread out. They called this "diffusio-phoretic swelling of the hydrogels." Furthermore, this newly discovered mechanism allows hydrogels to swell much faster than what has been previously possible.




Why is that change important?

Kaplan explained: Soft agile robots are currently made with rubber, which "does the job but their shapes are changed hydraulically or pneumatically. This is not desired because it is difficult to imprint a network of tubes into these robots to deliver air or fluid into them."

Imagine, Kaplan said, how many different things you can do with your hand and how fast you can do them owing to your neural network and the motion of ions under your skin. Because the rubber and hydraulics are not as versatile as your biological tissues, which is a hydrogel, state-of-the-art soft robots can only do a limited number of movements."

Katke explained that the process they have researched allows the hydrogels to change shape then change back to their original form "significantly faster this way" in soft robots that are larger than ever before.

At present, only microscopic-sized hydrogel robots can respond to a chemical signal quickly enough to be useful and larger ones require hours to change shape, Katke said. By using the new diffusio-phoresis method, soft robots as large as a centimeter may be able to transform in just a few seconds, which is subject to further studies.

Larger agile soft robots that could respond quickly could improve assistive devices in healthcare, "pick-and-place" functions in manufacturing, search and rescue operations, cosmetics used for skincare, and contact lenses.
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Magnetic imprint on deconfined nuclear matter | ScienceDaily
Data from heavy ion collisions give new insight into the electromagnetic properties of quark-gluon plasma 'deconfined' from protons and neutrons.


						
Scientists have the first direct evidence that the powerful magnetic fields created in off-center collisions of atomic nuclei induce an electric current in "deconfined" nuclear matter. This is a plasma "soup" of quarks and gluons that have been set free, or "deconfined," from nuclear matter -- protons and neutrons -- in the particle collisions. The magnetic fields in deconfined nuclear matter are a billion times stronger than a typical refrigerator magnet, but their effects can be hard to detect. This new study's evidence is from measuring the way particles with an electric charge are deflected when they emerge from the collisions. The study provides proof that the powerful magnetic fields exist. It also offers a new way to measure the electrical conductivity in the quark-gluon plasma (QGP).

Scientists can infer the value of the QGP's electrical conductivity from how much the electromagnetic field deflects charged particles such as electrons, quarks, and protons. The stronger a particular type of deflection is, the stronger the conductivity. Conductivity is an important property of matter, but scientists have not been able to measure it in QGP before. Understanding the electromagnetic properties of the QGP may help physicists unravel the mysteries of the phase transition between QGP and ordinary nuclear matter made of protons and neutrons. The work will also aid in explorations of other magnetic effects in the QGP.

Off-center collisions of atomic nuclei at the Relativistic Heavy Ion Collider (RHIC), a Department of Energy particle accelerator user facility at Brookhaven National Laboratory, should generate powerful magnetic fields. That's because some of the non-colliding positively charged protons are set swirling as the nuclei sideswipe one another at close to the speed of light. The fields are expected to be stronger than those of neutrons stars and much more powerful than Earth's. But measuring magnetic fields in the QGP is challenging because this deconfined nuclear matter doesn't last very long. So, instead, scientists measure the QGP's properties indirectly, for example by using RHIC's STAR detector to track the impact of the magnetic field on charged particles streaming from the collisions.

The STAR physicists saw a pattern of charged-particle deflection that could only be caused by an electromagnetic field and current induced in the QGP. This was clear evidence that the magnetic fields exist. The degree of deflection is directly related to the strength of the induced current. Scientists will now use this method to measure the conductivity of the QGP. That, in turn, may help them unravel mysteries of the phase transition between deconfined quarks and gluons and composite particles such as protons and neutrons.
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Can we revolutionize the chemical industry and create a circular economy? Yes, with the help of catalysts | ScienceDaily
The chemical industry is a cornerstone of global development, driving innovation, and providing essential products that support our modern way of life.


						
However, its reliance on unsustainable fossil resources has posed significant threats to global ecosystems through climate change and chemical pollution.

A new commentary published in Cell Press' One Earth co-authored by Griffith University researchers puts forth a transformative solution: catalysis to leverage sustainable waste resources, ushering the industry from a linear to a circular economy.

"If we look at recent statistics, the chemical industry contributes a staggering US$5.7 trillion to the global economy and sustains 150 million jobs worldwide, excluding refined fossil fuels," said Professor Karen Wilson, one of the lead authors and Director of Griffith's Centre for Catalysis and Clean Energy.

"But it remains the largest industrial energy consumer and the third-largest emitter of direct CO2 emissions globally."

In 2022, the industry emitted 935 million metric tons of CO2 during primary chemicals production. Moreover, its operations have led to significant water contamination and the release of toxic chemicals into the environment, perpetuating a cycle of ecological harm.

Co-lead author Professor Adam Lee, also based at Griffith, said: "Catalytic processes could minimise reliance on finite fossil fuels and curb CO2 emissions significantly by harnessing agricultural, municipal, and plastic waste as feedstocks.




"This feedstock transition not only mitigates environmental damage but also addresses vulnerabilities in the industry's supply chain, which are susceptible to geopolitical and natural disruptions."

Professor Wilson added: "Catalysis has historically played a key role in transforming fossil resources into essential fuels and products, and now offers a beacon of hope for revolutionising the chemical industry and promoting a circular economy."

However, the authors acknowledge that this vision demands concerted innovation in catalyst formulation and process integration.

"Prioritising Earth-abundant elements over precious metals will unlock sustainable catalytic systems for the efficient conversion of organic waste into benign and recyclable products," Professor Wilson said.

"Already, pioneering initiatives such as the co-location of different industries in Kalundborg, Denmark to foster symbiosis have demonstrated new collaborative models to improve resource efficiency and waste reduction."

"Catalysis offers a pathway towards sustainability, enabling us to transform waste into valuable resources and pave the way for a circular economy," Professor Lee added.




In the OneEarth commentary, the team explored sources of catalysis for sustainable and circular chemical processes through the following lenses:
    	    Catalysis to enable waste biomass utilisation
    
    	    Catalysis for circular polymers
    
    	    Catalysis to remediate chemical pollution
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New data-driven model rapidly predicts dehydrogenation barriers in solid-state materials | ScienceDaily
Researchers have developed a groundbreaking data-driven model to predict the dehydrogenation barriers of magnesium hydride (MgH2), a promising material for solid-state hydrogen storage. This advancement holds significant potential for enhancing hydrogen storage technologies, a crucial component in the transition to sustainable energy solutions.


						
Hydrogen, recognized for its versatility and clean energy potential, can be produced from various renewable sources. Solid-state hydrogen storage materials, particularly MgH2, are considered prime candidates for efficient hydrogen storage due to their high storage capacity and resource abundance. However, despite extensive research over the past five decades, the material properties of MgH2 have yet to meet the performance targets set by the US Department of Energy (US-DOE).

The key challenge lies in understanding the fundamental principles of solid-state hydrogen storage reactions. Current methods to assess the efficiency of hydrogen storage materials rely on dehydrogenation enthalpy and energy barriers, with the latter being particularly complex and computationally intensive to calculate. Traditional transition state search techniques, though refined over time, remain costly and time-consuming, limiting the pace of discovery and optimization.

To address this, the research team has introduced a model that predicts the dehydrogenation barriers using easily computable parameters: the crystal Hamilton population orbital of the Mg-H bond and the distance between atomic hydrogen atoms. By deriving a distance-energy ratio, the model captures the essential chemistry of the reaction kinetics with significantly lower computational demands than conventional methods.

"Our model offers a faster, more efficient way to predict the dehydrogenation performance of hydrogen storage materials," said Hao Li, associate professor at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR) and corresponding author of the paper. "This allows us to bridge the knowledge gap left by experimental techniques and accelerate the development of high-performance hydrogen storage solutions."

The model's predictive power was validated against typical experimental measurements, showing excellent agreement and providing clear design guidelines to enhance the performance of MgH2. This breakthrough not only propels magnesium hydride closer to the US-DOE targets but also sets the stage for broader applications in other metal hydrides.

The research team plans to extend the model's application beyond magnesium-based materials. The flexibility of the model's variables allows for rapid recalibration to different metal hydrides, potentially facilitating the discovery of new composite materials and innovative solid-state hydrogen storage solutions.

"By adapting our model to various metal hydrides, we can expedite the exploration and optimization of hydrogen storage materials, paving the way for cleaner and more efficient energy systems," added Li.
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Diamond glitter: A play of colors with artificial DNA crystals | ScienceDaily
Using DNA origami, LMU researchers have built a diamond lattice with a periodicity of hundreds of nanometers -- a new approach for manufacturing semiconductors for visible light.


						
The shimmering of butterfly wings in bright colors does not emerge from pigments. Rather, it is photonic crystals that are responsible for the play of colors. Their periodic nanostructure allows light at certain wavelengths to pass through while reflecting other wavelengths. This causes the wing scales, which are in fact transparent, to appear so magnificently colored. For research teams, the manufacture of artificial photonic crystals for visible light wavelengths has been a major challenge and motivation ever since they were predicted by theorists more than 35 years ago. "Photonic crystals have a versatile range of applications. They have been employed to develop more efficient solar cells, innovative optical waveguides, and materials for quantum communication. However, they have been very laborious to manufacture," explains Dr. Gregor Posnjak. The physicist is a postdoc in the research group of LMU Professor Tim Liedl, whose work is funded by the "e-conversion" Cluster of Excellence and the European Research Council. Using DNA nanotechnology, the team has developed a new approach for the manufacture of photonic crystals. Their results have now been published in the journal Science.

Diamond structure out of strands of DNA

In contrast to lithographic techniques, the LMU team uses a method called DNA origami to design and synthesize building blocks, which then self-assemble into a specific lattice structure. "It's long been known that the diamond lattice theoretically has an optimal geometry for photonic crystals. In diamonds, each carbon atom is bonded to four other carbon atoms. Our challenge consisted in enlarging the structure of a diamond crystal by a factor of 500, so that the spaces between the building blocks correspond with the wavelength of light," explains Tim Liedl. "We increased the periodicity of the lattice to 170 nanometers by replacing the individual atoms with larger building blocks -- in our case, through DNA origami," says Posnjak.

The perfect molecule folding technique

What sounds like magic is actually a specialty of the Liedl group, one of the world's leading research teams in DNA origami and self-assembly. For this purpose, the scientists use a long, ring-shaped DNA strand (consisting of around 8,000 bases) and a set of 200 short DNA staples. "The latter control the folding of the longer DNA strand into virtually any shape at all -- akin to origami masters, who fold pieces of paper into intricate objects. As such, the clamps are a means of determining how the DNA origami objects combine to form the desired diamond lattice," says the LMU postdoctoral researcher. The DNA origami building blocks form crystals of approximately ten micrometers in size, which are deposited on a substrate and then passed on to a cooperating research group from the Walter Schottky Institute at the Technical University of Munich (TUM): The team led by Professor Ian Sharp (also funded by the "e-conversion" Cluster of Excellence) is able to deposit individual atomic layers of titanium dioxide on all surfaces of the DNA origami crystals. "The DNA origami diamond lattice serves as scaffolding for titanium dioxide, which, on account of its high index of refraction, determines the photonic properties of the lattice. After coating, our photonic crystal does not allow UV light with a wavelength of about 300 nanometers to pass through, but rather reflects it," explains Posnjak. The wavelength of the reflected light can be controlled via the thickness of the titanium dioxide layer.

DNA origami could boost photonics

For photonic crystals that work in the infrared range, classic lithographic techniques are suitable but laborious and expensive. In the wavelength range of visible and UV light, lithographic methods have not been successful to date. "Consequently, the comparatively easy manufacturing process using the self-assembly of DNA origami in an aqueous solution offers a powerful alternative for producing structures in the desired size cost-effectively and in larger quantities," says Prof. Tim Liedl. He is convinced that the unique structure with its large pores, which are chemically addressable, will stimulate further research -- for example, in the domain of energy harvesting and storage. In the same issue of Science, a collaboration led by prof. Petr Sulc of Arizona State University and TUM presents a theoretical framework for designing diverse crystalline lattices from patchy colloids, and experimentally demonstrates the method by utilizing DNA origami building blocks to form a pyrochlore lattice, which potentially also could be used for photonic applications.
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New AI tool to help beat brain tumors | ScienceDaily
A new AI tool to more quickly and accurately classify brain tumours has been developed by researchers at The Australian National University (ANU).


						
According to Dr Danh-Tai Hoang, precision in diagnosing and categorising tumours is crucial for effective patient treatment.

"The current gold standard for identifying different kinds of brain tumours is DNA methylation-based profiling," Dr Hoang said.

"DNA methylation acts like a switch to control gene activity, and which genes are turned on or off.

"But the time it takes to do this kind of testing can be a major drawback, often requiring several weeks or more when patients might be relying on quick decisions on therapies.

"There's also a lack of availability of these tests in nearly all hospitals worldwide."

To address these challenges, the ANU researchers, in collaboration with experts from the National Cancer Institute in the United States (US), developed DEPLOY, a way to predict DNA methylation and subsequently classify brain tumours into 10 major subtypes.




DEPLOY draws on microscopic pictures of a patient's tissue called histopathology images.

The model was trained and validated on large datasets of approximately 4,000 patients from across the US and Europe.

"Remarkably, DEPLOY achieved an unprecedented accuracy of 95 per cent," Dr Hoang said.

"Furthermore, when given a subset of 309 particularly difficult to classify samples, DEPLOY was able to provide a diagnosis that was more clinically relevant than what was initially provided by pathologists.

"This shows the potential future role of DEPLOY as a complementary tool, adding to a pathologist's initial diagnosis, or even prompting re-evaluation in the case of disparities."

The researchers believe DEPLOY could eventually be used to help classify other types of cancer as well.
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Deep-sea sponge's 'zero-energy' flow control could inspire new energy efficient designs | ScienceDaily
The Venus flower basket sponge, with its delicate glass-like lattice outer skeleton, has long intrigued researchers seeking to explain how this fragile-seeming creature's body can withstand the harsh conditions of the deep sea where it lives.


						
Now, new research reveals yet another engineering feat of this ancient animal's structure: its ability to filter feed using only the faint ambient currents of the ocean depths, no pumping required.

This discovery of natural '"zero energy" flow control by an international research team co-led by University of Rome Tor Vergata and NYU Tandon School of Engineering could help engineers design more efficient chemical reactors, air purification systems, heat exchangers, hydraulic systems, and aerodynamic surfaces.

In a study published in Physical Review Letters, the team found through extremely high-resolution computer simulations how the skeletal structure of the Venus flower basket sponge (Euplectella aspergillum) diverts very slow deep sea currents to flow upwards into its central body cavity, so it can feed on plankton and other marine detritus it filters out of the water.

The sponge pulls this off via its spiral, ridged outer surface that functions like a spiral staircase. This allows it to passively draw water upwards through its porous, lattice-like frame, all without the energy demands of pumping.

"Our research settles a debate that has emerged in recent years: the Venus flower basket sponge may be able to draw in nutrients passively, without any active pumping mechanism," said Maurizio Porfiri, NYU Tandon Institute Professor and director of its Center for Urban Science + Progress (CUSP), who co-led the study and co-supervised the research. "It's an incredible adaptation allowing this filter feeder to thrive in currents normally unsuitable for suspension feeding."

At higher flow speeds, the lattice structure helps reduce drag on the organism. But it is in the near-stillness of the deep ocean floors that this natural ventilation system is most remarkable, and demonstrates just how well the sponge accommodates its harsh environment. The study found that the sponge's ability to passively draw in food works only at the very slow current speeds -- just centimeters per second -- of its habitat.




"From an engineering perspective, the skeletal system of the sponge shows remarkable adaptations to its environment, not only from the structural point of view, but also for what concerns its fluid dynamic performance," said Giacomo Falcucci of Tor Vergata University of Rome and Harvard University, the paper's first author. Along with Porfiri, Falcucci co-led the study, co-supervised the research and designed the computer simulations. "The sponge has arrived at an elegant solution for maximizing nutrient supply while operating entirely through passive mechanisms."

Researchers used the powerful Leonardo supercomputer at CINECA, a supercomputing center in Italy, to create a highly realistic 3D replica of the sponge, containing around 100 billion individual points that recreate the sponge's complex helical ridge structure. This "digital twin" allows experimentation that is impossible on live sponges, which cannot survive outside their deep-sea environment.

The team performed highly detailed simulations of water flow around and inside the computer model of the skeleton of the Venus flower basket sponge. With Leonardo's massive computing power, allowing quadrillions of calculations per second, they could simulate a wide range of water flow speeds and conditions.

The researchers say the biomimetic engineering insights they uncovered could help guide the design of more efficient reactors by optimizing flow patterns inside while minimizing drag outside. Similar ridged, porous surfaces could enhance air filtration and ventilation systems in skyscrapers and other structures. The asymmetric, helical ridges may even inspire low-drag hulls or fuselages that stay streamlined while promoting interior air flows.

The study builds upon the team's prior Venus flower basket sponge research published in Nature in 2021, in which it revealed it had created a first-ever simulation of the deep-sea sponge and how it responds to and influences the flow of nearby water.

In addition to Porfiri and Falcucci, the current study's authors are Giorgio Amati of CINECA; Gino Bella of Niccolo Cusano University; Andrea Luigi Facci of University of Tuscia; Vesselin K. Krastev of University of Rome Tor Vergata; Giovanni Polverino of University of Tuscia, Monash University, and University of Western Australia; and Sauro Succi of the Italian Institute of Technology.

A grant from the National Science Foundation supported the research. Other funding came from CINECA, Next Generation EU, European Research Council, Monash University and University of Tuscia.
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A powerful tool speeds success in achieving highly efficient thermoelectric materials | ScienceDaily
Thermoelectric materials could play an important role in the clean energy transition, as they can produce electricity from sources of heat that would otherwise go to waste without generating additional greenhouse gases or requiring large up-front investment. But their promise has been slowed by the fact that most current thermoelectric materials don't efficiently produce enough power to be useful for many practical applications.


						
The search for new, more efficient materials involving complex chemical compositions has been labor-intensive, requiring experimental testing of each proposed new multi-material composition, and has often involved the use of toxic or rare elements. In a paper published Thursday, May 16, in the journal Science, researchers from the University of Houston and Rice University report a new approach to predict the realization of band convergence in a series of materials and, after demonstrating that one so-designed material, a p-type Zintl compound, would offer highly efficient thermoelectric performance, fabricated a thermoelectric module. They reported a heat-to-electricity conversion efficiency exceeding 10% at a temperature difference of 475 kelvin, or about 855 degrees Fahrenheit.

Zhifeng Ren, director of the Texas Center for Superconductivity at UH (TcSUH) and corresponding author for the paper, said the materials' performance remained stable for more than two years.

While a variety of approaches have been used to improve efficiency, a concept known as electronic band convergence has gained attention for its potential to improve thermoelectric performance. "It is normally difficult to get high performance from thermoelectric materials because not all of the electronic bands in a material contribute," Ren said. "It's even more difficult to make a complex material where all of the bands work at the same time in order to get the best performance."

For this work, he said, the scientists first focused on devising a calculation to determine how to build a material in which all the different energy bands can contribute to the overall performance. They then demonstrated that the calculation worked in practice as well as in theory, building a module to further verify the obtained high performance at the device level.

Band convergence is considered a good approach for improving thermoelectric materials because it increases the thermoelectric power factor, which is related to the actual output power of the thermoelectric module. But until now, discovering new materials with strong band convergence was time-consuming and resulted in many false starts. "The standard approach is trial and error," said Ren, who is also the Paul C.W. Chu and May P. Chern Endowed Chair in Condensed Matter Physics at UH. "Instead of doing a lot of experiments, this method allows us to eliminate unnecessary possibilities that won't give better results."

To efficiently predict how to create the most effective material, the researchers used a high-entropy Zintl alloy, YbxCa1-xMgyZn2-ySb2, as a case study, designing a series of compositions through which band convergence was achieved simultaneously in all of the compositions.




Ren described how it works like this: If a team of 10 people try to lift an object, the taller members will carry most of the load while the shorter members do not contribute as much. In band convergence, the goal is to make all the band team members more similar -- tall band members would be shorter, in this example, and short members taller -- so all can contribute to carrying the overall load.

Here, the researchers started with four parent compounds containing five elements in total -- ytterbium, calcium, magnesium, zinc and antimony -- running calculations to determine which combinations of the parent compounds could reach band convergence. Once that was determined, they chose the best among these high-performance compositions to construct the thermoelectric device.

"Without this method, you would have to experiment and try all possibilities," said Xin Shi, a UH graduate student in Ren's group and lead author on the paper. "There's no other way you can do that. Now, we do a calculation first, we design a material, and then make it and test it."

The calculation method could be used for other multi-compound materials, too, allowing researchers to use this approach to create new thermoelectric materials. Once the proper parent compounds are identified, the calculation determines what ratio of each should be used in the final alloy.

In addition to Ren and Shi, the paper's authors include Dr. Shaowei Song, a researcher at the Texas Center for Superconductivity, and Dr. Guanhui Gao from the Department of Materials Science and Nanoengineering at Rice. Gao is now at UH.
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Airborne technology brings new hope to map shallow aquifers in Earth's most arid deserts | ScienceDaily
Water shortages are expanding across the Earth. This is particularly acute in desert areas of the Middle East that are subject to both drought and extreme conditions such as flooding. As a result of these uncertainties, there is an increasing reliance on shallow aquifers to mitigate these shortages. However, the characteristics of these aquifers remain poorly understood due to the reliance on sporadic well logs for their management.


						
To address this challenge a team of researchers at the USC Viterbi School of Engineering Ming Hsieh Department of Electrical and Computer Engineering along with collaborators across the world, developed a new prototype for what the team is calling an "Airborne Sounding Radar for Desert Subsurface Exploration of Aquifers," nicknamed "Desert-SEA." The new technique will map the top of the aquifer, called the "water table," spanning areas as large as hundreds of kilometers using a radar mounted on a high-altitude aircraft. According to the researchers, Desert-SEA will measure, for the first time, the variabilities in the depth of the water table on a large scale, allowing water scientists to assess the sustainability of these aquifers without the limitations associated with in-situ mapping in harsh and inaccessible environments.

"Understanding how shallow groundwater moves horizontally and vertically is our primary objective as it helps us answer several questions about its origin and evolution in the vast and harsh deserts. These are questions that remain unanswered to this day," says Heggy, a research scientist at USC who specializes in radar remote sensing of deserts and the lead author of the paper outlining the technology in IEEE-Geoscience Remote Sensing magazine.

How it works:

The technique uses low-frequency radar to probe the ground. The radar sends a series of pulsed waves into the ground, which are reflected when interacting with the water-saturated layer. From the reflected signal, and using an array of advanced antennas combined with computational techniques, the water table can be mapped with relatively high vertical and spatial resolution.

When imaged, a stable water table usually appears as flat reflector as the amounts of water withdrawn and the amount of water that enters the system (its "recharge") are nearly equal. However, if there is any imbalance, this will be reflected in the resulting image showing an upward or downward deflection in shape of the water table.

A similar technique is widely used for probing ice in the Antarctic and planetary bodies; however, adapting it to sense shallow aquifers in the deserts required resolving several challenges in the radar design that took three years of hard work with industry partners in Carlsbad, CA, to resolve it.




"In particular, we had to resolve the blind zone near the surface. The highly radar-attenuating ground, unquantified sources of noise, and complex clutter can mask the detection of shallow aquifers. Our system's probing and surveying capabilities surpass those of commercial ground penetrating radars, whether surface or drone-mounted. Our system transmits stronger signals, has more sensitive receivers, and operates faster by several orders of magnitude," says Heggy.

Current shallow groundwater maps in several parts of arid deserts, such as the Sahara, rely on data from wells that are tens, hundreds, and sometimes even thousands of miles apart, which could lead to inaccurate estimates of their volume and dynamics. Heggy suggests that this would be like finding out data about groundwater in the entire United States solely by looking at data from a well in New Jersey. (The desert area of North Africa and the Arabian Peninsula is twice the size of the continental United States). Thus, well logs alone cannot give a proper assessment of their rapid evolution, cautions Heggy.

According to the researchers, Desert-SEA's capability to transmit high-power signals and use advanced onboard processing can fill the gaps in the data presented by well logs' geographical distribution.

With this new prototype, Heggy predicts that even with a small airplane flying at two hundred miles per hour, the team could cover in an hour what researchers would normally cover in a year from well log data.

Co-author Bill Brown was the lead engineer on the project. Brown says, "The Desert Sea Radar represents a significant advancement in airborne sensing and environmental engineering. By integrating high-frequency radar with AI technologies, it can generate real-time, three-dimensional mappings of subterranean water sources. This capability is crucial for securing sustainable water management in arid regions."

While this technology will be tested in the Middle East, it has wide application to other places that are subject to extended droughts, notably in central Asia and Australia, and even in US deserts.




This technology works best in very dry areas like sand and its particular importance goes beyond understanding the current water supply. It can also be deployed for repeated assessments to understand sustainability for agriculture and, consequently, for ensuring food security for inhabitants of these extreme environments.

"Having the ability to peer more than 100 feet deep through dry sand, across vast deserts and in record time, is going to allow us to answer fundamental questions about the ebb and flow of groundwater in these regions and how we can use it in a more sustainable way," said Elizabeth Palmer, a Fulbright Fellow working on the project.

"I am always glad to participate in airborne research missions. However, because the Desert-SEA mission will have a humanitarian impact on relieving water stress, it gives me unique feelings of motivation and pride," Akram Amin Abdellatif, a researcher at the Technical University of Munich (TUM) noted."

The next step for the research team is to take this designed prototype and build a flight model to be implemented on helicopters and fixed-wing aircraft.
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Large language models can't effectively recognize users' motivation, but can support behavior change for those ready to act | ScienceDaily
Large language model-based chatbots have the potential to promote healthy changes in behavior. But researchers from the ACTION Lab at the University of Illinois Urbana-Champaign have found that the artificial intelligence tools don't effectively recognize certain motivational states of users and therefore don't provide them with appropriate information.


						
Michelle Bak, a doctoral student in information sciences, and information sciences professor Jessie Chin reported their research in the Journal of the American Medical Informatics Association.

Large language model-based chatbots -- also known as generative conversational agents -- have been used increasingly in healthcare for patient education, assessment and management. Bak and Chin wanted to know if they also could be useful for promoting behavior change.

Chin said previous studies showed that existing algorithms did not accurately identify various stages of users' motivation. She and Bak designed a study to test how well large language models, which are used to train chatbots, identify motivational states and provide appropriate information to support behavior change.

They evaluated large language models from ChatGPT, Google Bard and Llama 2 on a series of 25 different scenarios they designed that targeted health needs that included low physical activity, diet and nutrition concerns, mental health challenges, cancer screening and diagnosis, and others such as sexually transmitted disease and substance dependency.

In the scenarios, the researchers used each of the five motivational stages of behavior change: resistance to change and lacking awareness of problem behavior; increased awareness of problem behavior but ambivalent about making changes; intention to take action with small steps toward change; initiation of behavior change with a commitment to maintain it; and successfully sustaining the behavior change for six months with a commitment to maintain it.

The study found that large language models can identify motivational states and provide relevant information when a user has established goals and a commitment to take action. However, in the initial stages when users are hesitant or ambivalent about behavior change, the chatbot is unable to recognize those motivational states and provide appropriate information to guide them to the next stage of change.




Chin said that language models don't detect motivation well because they are trained to represent the relevance of a user's language, but they don't understand the difference between a user who is thinking about a change but is still hesitant and a user who has the intention to take action. Additionally, she said, the way users generate queries is not semantically different for the different stages of motivation, so it's not obvious from the language what their motivational states are.

"Once a person knows they want to start changing their behavior, large language models can provide the right information. But if they say, 'I'm thinking about a change. I have intentions but I'm not ready to start action,' that is the state where large language models can't understand the difference," Chin said.

The study results found that when people were resistant to habit change, the large language models failed to provide information to help them evaluate their problem behavior and its causes and consequences and assess how their environment influenced the behavior. For example, if someone is resistant to increasing their level of physical activity, providing information to help them evaluate the negative consequences of sedentary lifestyles is more likely to be effective in motivating users through emotional engagement than information about joining a gym. Without information that engaged with the users' motivations, the language models failed to generate a sense of readiness and the emotional impetus to progress with behavior change, Bak and Chin reported.

Once a user decided to take action, the large language models provided adequate information to help them move toward their goals. Those who had already taken steps to change their behaviors received information about replacing problem behaviors with desired health behaviors and seeking support from others, the study found.

However, the large language models didn't provide information to those users who were already working to change their behaviors about using a reward system to maintain motivation or about reducing the stimuli in their environment that might increase the risk of a relapse of the problem behavior, the researchers found.

"The large language model-based chatbots provide resources on getting external help, such as social support. They're lacking information on how to control the environment to eliminate a stimulus that reinforces problem behavior," Bak said.

Large language models "are not ready to recognize the motivation states from natural language conversations, but have the potential to provide support on behavior change when people have strong motivations and readiness to take actions," the researchers wrote.

Chin said future studies will consider how to finetune large language models to use linguistic cues, information search patterns and social determinants of health to better understand a users' motivational states, as well as providing the models with more specific knowledge for helping people change their behaviors.
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      Environment News

      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        The global clean water crisis looms large
        Water scarcity will intensify with climate and socioeconomic change, disproportionately impacting populations located in the Global South.

      

      
        Foraging ants navigate more efficiently when given energy-drink-like doses of caffeine
        Ants who receive a caffeine-laced sugary reward become more efficient at navigating back to the reward's location compared to ants that only receive sugar. Caffeinated ants move toward the reward via a more direct path but do not increase their speed, suggesting that caffeine improved their ability to learn. The study was conducted on Argentine ants (Linepithema humile), a globally invasive species, and the researchers say that incorporating caffeine into ant baits could aid efforts to control th...

      

      
        Exploring diversity in cell division
        Animals and fungi predominantly use two different modes of cell division -- called open and closed mitosis, respectively. A new study has shown that different species of Ichthyosporea -- marine protists that are close relatives of both animals and fungi -- use either open and closed mitosis, closely correlated to whether the species has multinucleate life cycle stages. The study demonstrates the way animals do cell division might have evolved long before animals themselves did and how this is lin...

      

      
        Australian study proves 'humans are planet's most frightening predator'
        A new study demonstrates that kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator.

      

      
        Cement recycling method could help solve one of the world's biggest climate challenges
        Researchers have developed a method to produce very low emission concrete at scale -- an innovation that could be transformative in the transition to net zero. The method, which the researchers say is 'an absolute miracle', uses the electrically-powered arc furnaces used for steel recycling to simultaneously recycle cement, the carbon-hungry component of concrete.

      

      
        The origin of the sun's magnetic field could lie close to its surface
        Surprise findings suggest sunspots and solar flares could be generated by a magnetic field within the Sun's outermost layers. If confirmed, the findings could help scientists better predict space weather.

      

      
        Promethium bound: Rare earth element's secrets exposed
        Scientists have uncovered the properties of a rare earth element that was first discovered 80 years ago at the very same laboratory, opening a new pathway for the exploration of elements critical in modern technology, from medicine to space travel.

      

      
        New AI accurately predicts fly behavior
        Researchers trained an AI model to accurately predict male fruit flies' courtship behavior in response to any sight of a female. This breakthrough offers new insight into how the brain processes visual data and may someday pave the way for artificial vision technology.

      

      
        Smoke covered 70% of California during biggest wildfire years
        As much as 70 percent of California was covered by wildfire smoke during parts of 2020 and 2021, according to a new study.

      

      
        'Fossilizing' cracks in infrastructure creates sealing that can even survive earthquakes
        In a new study, a team of researchers used research on fossilizing techniques to create a new method for sealing cracks and fractures in rocks and bedrock using a 'concretion-forming resin'. This innovative technique has applications in a wide range of industries, from tunnel construction to long-term underground storage of hazardous materials.

      

      
        Excavation reveals 'major' ancient migration to Timor Island
        The discovery of thousands of stone artefacts and animal bones in a deep cave in Timor Island has led archaeologists to reassess the route that early humans took to reach Australia. Researchers dated and analysed the artefacts and sediment at the Laili rock shelter in central-north Timor-Leste, north of Australia, to pinpoint the arrival of the colonists.

      

      
        Roots are a key to drought-tolerant maize
        Maize can grow successfully in very different local conditions. An international study has now demonstrated the important role of the plant root system. The researchers analyzed more than 9,000 varieties in the study and were able to show that their roots varied considerably -- depending on how dry the location is where each variety was cultivated. They were also able to identify an important gene that plays a role in the plant's ability to adapt. This gene could be the key to developing varietie...

      

      
        Cuddled cows who work as therapy animals showed a strong preference for women compared to men, study finds
        A new study reveals that cows who are cuddled as therapy animals showed a strong preference for interactions with women when compared to men. In turn, the research, which opens a new era on whether some therapies may be initially stronger based upon gender and not procedure, highlighted that the women also reported greater attachment behaviors towards the steers.

      

      
        Milk from before antibiotic era were resistant to antibiotic tetracycline
        The researchers started with 50 samples collected from 1941 to 1947, and they found that the samples contained seven different Streptococcus species, including two subspecies of S. dysgalactiae. Interestingly, the researchers found some of the samples were resistant to the antibiotic tetracycline and did not carry antibiotic resistance genes typically seen in today's antibiotic-resistant bacterial strains. Since these samples were collected prior to the antibiotic era, the results add to a growin...

      

      
        Naturally occurring substance in pomegranates can improve treatment of Alzheimer's disease
        A substance naturally occurring in i.a. pomegranates, strawberries and walnuts can improve memory and treatment of Alzheimer's disease, a new study concludes.

      

      
        New insights into the degradation dynamics of organic material in the seafloor
        Many processes in the deep sea are not yet well understood, and the role of microbial communities in particular is often a big unknown. This includes, for example, how organic material that sinks from the water surface to the ocean floor is metabolised -- an important building block for a better understanding of the global carbon cycle.

      

      
        Study finds widespread 'cell cannibalism,' related phenomena across tree of life
        Researchers describe cell-in-cell phenomena in which one cell engulfs and sometimes consumes another. The study shows that cases of this behavior, including cell cannibalism, are widespread across the tree of life. The findings challenge the common perception that cell-in-cell events are largely restricted to cancer cells. Rather, these events appear to be common across diverse organisms, from single-celled amoebas to complex multicellular animals.

      

      
        Conservation of nature's strongholds needed to halt biodiversity loss
        To achieve global biodiversity targets, conservationists and governments must prioritize the establishment and effective management of large, interconnected protected areas with high ecological integrity, researchers argue in a new essay.

      

      
        Body lice may be bigger plague spreaders than previously thought
        A new laboratory study suggests that human body lice are more efficient at transmitting Yersinia pestis, the bacterium that causes plague, than previously thought, supporting the possibility that they may have contributed to past pandemics.

      

      
        Alaska's rusting waters: Pristine rivers and streams turning orange
        Dozens of Alaska's rivers and streams are turning orange. The staining could be the result of minerals exposed by thawing permafrost and climate change, finds a new study.

      

      
        Detecting odors on the edge: Researchers decipher how insects smell more with less
        While humans feature a sophisticated sense of smell, insects have a much more basic olfactory system. Yet they depend upon smell to survive. Scientists have figured out how fruit flies use a simple but efficient system to recognize odors, and the answer lies at the edges of their antennae.

      

      
        Recycling carbon dioxide into household chemicals
        Scientists report a family of tin-based catalysts that efficiently converts CO2 into ethanol, acetic acid and formic acid. These liquid hydrocarbons are among the most produced chemicals in the U.S and are found in many commercial products.

      

      
        Legacy of Indigenous stewardship of camas dates back more than 3,500 years
        A new study found evidence that Indigenous groups in the Pacific Northwest were intentionally harvesting edible camas bulbs at optimal stages of the plant's maturation as far back as 3,500 years ago.

      

      
        Drug-like inhibitor shows promise in preventing flu
        Currently available flu medications only target the virus after it has already established an infection, but what if a drug could prevent infection in the first place? Now, scientists have designed drug-like molecules to do just that, by thwarting the first stage of influenza infection.

      

      
        Cosmic rays illuminate the past
        Researchers have for the first time been able to pin down a prehistoric settlement of early farmers in northern Greece dating back more than 7,000 years to the year. For this they combined annual growth ring measurements on wooden building elements with the sudden spike of cosmogenic radiocarbon in 5259 BC. This provides a reliable chronological reference point for many other archaeological sites in Southeast Europe.

      

      
        PFAS exposure in men linked to the health of their offspring
        Researchers are reporting new findings that demonstrate a link between exposure to per- and polyfluorinated alkyl substances (PFAS) in males and health issues in their offspring.

      

      
        Regional differences in bird diversity in agroforestry systems
        The diversity and ecological functionality of bird communities in tropical agroforestry systems are shaped by the surrounding landscape, in particular the extent and composition of the forest.

      

      
        What pottery reveals about prehistoric Central European culinary traditions
        The analysis of fat traces in over one hundred pottery vessels reveals deep changes in food consumption and preparation by communities living in central Germany between the Early Neolithic and the Late Bronze Age, as well as in their relation with innovations in pottery styles and decorations. In a groundbreaking study, researchers identified a generalized inclusion of dairy products in prehistoric diets, a preference in consuming pork with the arrival of communities from the Eurasian Steppe, and...

      

      
        How plants 'mate' for life and repel other suitors
        Researchers have used a unique microscopic technique to examine the dynamics of pollen tubes in the Arabidopsis plant. They were able to observe the mechanism of one-to-one pollen tube guidance, a process that ensures successful pollination of plants. This process is influenced by multi-step repelling and attracting signals. The results are important for the cultivation of crops, especially under unfavorable environmental conditions.

      

      
        Chocolate that harnesses the full potential of the cocoa fruit
        Researchers have developed a type of chocolate that is more sustainable and nutritious than conventional varieties. Cocoa-fruit chocolate uses cocoa fruit jelly as a replacement for powdered sugar, reducing the sugar content and increasing the product's nutritional value. This new chocolate recipe also has the potential to diversify the income sources of small farmers.

      

      
        Night-time heat significantly increases the risk of stroke
        Researchers show that nocturnal heat significantly increases the risk of stroke. The findings can contribute to the development of preventive measures: With them, the population can better protect themselves against the risks of climate change with increasingly frequent hot nights. In addition, knowledge of the consequences of hot nights can improve patient care.

      

      
        Improving statistical methods to protect wildlife populations
        In human populations, it is relatively easy to calculate demographic trends and make projections of the future if data on basic processes such as births and immigration is known. The data, given by individuals, can be also death and emigration, which subtract. In the wild, on the other hand, understanding the processes that determine wildlife demographic patterns is a highly complex challenge for the scientific community. Although a wide range of methods are now available to estimate births and d...

      

      
        Hope for a cure for visceral leishmaniasis, an often fatal infectious disease
        Leishmaniasis is a tropical disease affecting a growing number of people worldwide. Each year, between 700,000 and 1 million new cases are reported. Caused by a protozoan parasite of the genus Leishmania, which is transmitted to humans by the simple bite of a sand fly, leishmaniasis comprises three clinical forms, of which the visceral form is the most serious. If left untreated, visceral leishmaniasis, also known as black fever, is almost always fatal.

      

      
        Matcha mouthwash inhibits bacteria that causes periodontitis
        Matcha, a finely ground green tea powder, may help keep bacteria that causes periodontitis at bay.

      

      
        Researchers find unique adaptations of fungus associated with bee bread
        The past attempts of honey bee researchers to inventory the fungal diversity in honey bee colonies revealed that Aspergillus flavus is frequently found in hives. In a new study, researchers have discovered that this fungus is uniquely adapted to survive in bee colonies.

      

      
        Food for thought: Study links key nutrients with slower brain aging
        A new study suggests better nutrition might help prevent cognitive decline. Working with a group of 100 cognitively healthy participants aged 65 to 75, a research team combined neuroscience with nutritional science to identify a specific nutrient profile linked with better performance on cognitive tests. Nutrient biomarkers identified via blood tests revealed a combination of fatty acids, antioxidants and carotenoids, and two forms of Vitamin E and choline -- very similar to the Mediterranean die...

      

      
        Rabies outbreaks in Costa Rica cattle linked to deforestation
        Deforestation in Costa Rica raises the risk of cattle becoming infected with rabies by vampire bats, finds a new study.

      

      
        Researchers discover hidden step in dinosaur feather evolution
        Scientists discover 'zoned development' in dinosaur skin, with zones of reptile-style scales and zones of bird-like skin with feathers. A new dinosaur skin fossil has been found to be composed of silica -- the same as glass.

      

      
        Studies reveal cell-by-cell changes caused when pig hearts and kidneys are transplanted into humans
        Two new studies detail the changes seen at the single-cell level in pig organs and recipient human bodies before, during, and just after the xenotransplantation surgeries in the decedents.

      

      
        Clarifying the cellular mechanisms underlying periodontitis with an improved animal model
        Although periodontitis is an extremely prevalent disorder, it is challenging to conduct detailed and comprehensive analyses of its progression at the cellular level. Recently, researchers developed an improved periodontitis mouse model that simplifies the collection and analysis of multiple periodontal tissue types. Using this model, they clarified the role of an important signaling pathway in the inflammatory response of periodontal tissue, paving the way for better diagnostic and therapeutic st...

      

      
        Green infrastructure plans need to consider historical racial inequalities
        Urban greening projects should consider historical development patterns and past discriminatory practices to avoid exacerbating the unequal distribution of environmental benefits, says an urban and regional planning professor.

      

      
        Highly sensitive fiber optic gyroscope senses rotational ground motion around active volcano
        Researchers have built a prototype fiber optic gyroscope for high resolution, real-time monitoring of ground rotations caused by earthquakes in the active volcanic area of Campi Flegrei in Naples, Italy. A better understanding of the seismic activity in this highly populated area could improve risk assessment and might lead to improved early warning systems.

      

      
        Warming climate intensifies flash droughts worldwide
        Sudden, severe dry spells known as flash droughts are rising in intensity around the world, with a notable exception in mountainous Central Asia, where flash drought extent is shrinking, according to new research. Heat and changes to precipitation patterns caused by a warming climate are driving these trends, the study found.

      

      
        A rise in sea urchins and related damage to kelp forests impacts Oregon's gray whales and their food
        A recent boom in the purple sea urchin population off the southern Oregon Coast appears to have had an indirect and negative impact on the gray whales that usually forage in the region, a new study shows.

      

      
        New research reveals that prehistoric seafloor pockmarks off the California coast are maintained by powerful sediment flows
        New research on a field of pockmarks -- large, circular depressions on the seafloor -- offshore of Central California has revealed that powerful sediment flows, not methane gas eruptions, maintain these prehistoric formations.

      

      
        Can coal mines be tapped for rare earth elements?
        A team of geologists analyzed 3,500 samples taken in and around coal mines in Utah and Colorado. Their findings open the possibility that these mines could see a secondary resource stream in the form of rare earth metals used in renewable energy and numerous other high-tech applications.

      

      
        Electric school buses may yield significant health and climate benefits, cost savings
        Replacing diesel school buses with electric school buses may yield up to $247,600 in climate and health benefits per individual bus, according to a new study. The researchers found that these benefits -- including fewer greenhouse gas emissions and reduced rates of adult mortality and childhood asthma -- and their associated savings are strongest in large cities and among fleets of old (2005 and before) buses.

      

      
        'Vigorous melting' at Antarctica's Thwaites 'Doomsday' Glacier
        Glaciologists show evidence of warm ocean water intruding kilometers beneath grounded ice at Thwaites Glacier in West Antarctica. The findings suggest that existing climate models are underestimating the impact of ocean and ice interactions in future sea level rise projections.

      

      
        The impacts of climate change on food production
        A new study shows that climate change has led to decreased pollen production from plants and less pollen diversity than previously thought, which could have a significant impact on food production.

      

      
        Digging up good news for microbial studies
        Findings indicate that soil stored under refrigerated or air-dried conditions can still retain the needed information for understanding microbial community composition and structure for many years.
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The global clean water crisis looms large | ScienceDaily
Water scarcity will intensify with climate and socioeconomic change, disproportionately impacting populations located in the Global South. So concludes a new Utrecht University article published in Nature Climate Change on 23 May 2024, which used a state-of-the-art global water quantity and quality model to estimate clean water scarcity until the end of the century.


						
Humans require clean water for drinking and sanitation purposes, but also for the production of food, energy and manufactured goods. As communities and policymakers grapple with water scarcity issues on the ground, researchers at Utrecht University aim to shed light on the escalating global clean water crisis.

Current and future water scarcity

Using simulations from a state-of-the-art water quantity and quality model, the authors assess present-day and future global water scarcity. "Climate change and socioeconomic developments have multi-faceted impacts on the availability and quality of, and demands for, water resources in the future," says lead author Dr. Edward Jones. "Changes in these three aspects are crucial for evaluating future water scarcity."

The study estimates that 55% of the global population currently lives in areas that experience a lack of clean water in at least one month per year. "By the end of the century, this may be as high as 66%," remarks Jones.

Strong regional differences in future water scarcity

While global water scarcity is projected to intensify in the future, both the changes and impacts will not occur equally across all world regions. Future increases in water scarcity in Western Europe and North America, for example, are concentrated in just a few months of the year -- predominantly driven by water quantity aspects. Conversely, water scarcity increases in developing countries are typically more widespread in space and persist for a larger portion of the year.




Jones remarks, "Increases in future exposure are largest in the Global South. These are typically driven by a combination of rapid population and economic growth, climate change and deteriorating water quality."

Quality: the invisible part of water scarcity

Water quality -- despite being crucial for safe water use -- remains an under-represented component of water scarcity assessments. "Previous assessments still predominantly focus on water quantity aspects only," explains Jones. "Yet, the safe use of water also depends on the quality."

Therefore, a key aim of this study was also to normalise the inclusion of water quality in water scarcity assessments -- and in the design of management strategies for alleviating water scarcity.

Jones concludes, "The lack of clean water presents a systemic risk to both humans and ecosystems, which is becoming increasingly difficult to ignore. Our work highlights that, alongside substantially reducing our water demands, we must place an equally strong focus on eliminating water pollution in order to turn the tide on the global water crisis."
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Foraging ants navigate more efficiently when given energy-drink-like doses of caffeine | ScienceDaily
Ants who receive a caffeine-laced sugary reward become more efficient at navigating back to the reward's location compared to ants that only receive sugar. Researchers report on May 23 in the journal iScience that caffeinated ants move toward the reward via a more direct path but do not increase their speed, suggesting that caffeine improved their ability to learn. The study was conducted on Argentine ants (Linepithema humile), a globally invasive species, and the researchers say that incorporating caffeine into ant baits could aid efforts to control the ants by improving bait uptake.


						
"The idea with this project was to find some cognitive way of getting the ants to consume more of the poisonous baits we put in the field," says the first author and doctoral researcher Henrique Galante, a computational biologist at the University of Regensburg. "We found that intermediate doses of caffeine actually boost learning -- when you give them a bit of caffeine, it pushes them into having straighter paths and being able to reach the reward faster."

Argentine ants are one of the most ecologically harLmful and costly invasive species worldwide. Control efforts, which focus on using poisonous baits, have proven ineffective, likely due to low bait uptake and bait abandonment. The researchers wanted to test whether using caffeine, which has been shown to improve learning in honeybees and bumblebees, might improve the ants' ability to learn the bait location and guide their nestmates back there.

"We're trying to make them better at finding these baits, because the faster they go and come back to them, the more pheromone trails they lay, the more ants will come, and, therefore, the faster they will spread the poison in the colony before they realize it's poison," says Galante.

In the lab, the researchers tested whether different concentrations of caffeine would impact the ants' ability to locate and relocate a sugary reward. The ants walked down a Lego drawbridge onto a testing platform -- an A4 sheet of paper overlaying an acrylic surface -- on which the researchers had placed a drop of sucrose solution laced with 0, 25 ppm, 250 ppm, or 2,000 ppm of caffeine.

"The lowest dose we used is what you find in natural plants, the intermediate dose is similar to what you would find in some energy drinks, and the highest amount is set to be the LD50 of bees -- where half the bees fed this dose die -- so it's likely to be quite toxic for them," says Galante.

The researchers used an automated tracking system to monitor how fast the ants traveled to and from the reward and the directness of their route. Overall, they tested 142 ants, and each ant was tested four times. The ants were given the opportunity to offload the food they had collected in between trials, and researchers also removed and replaced the piece of paper so that the ants would not be able to follow their own pheromone trail back to the reward location.




Without caffeine, the ants did not learn to navigate to the reward location more quickly on subsequent foraging trips, suggesting that they had not successfully committed its location to memory. However, ants whose sugary reward contained low or intermediate doses of caffeine became more efficient at relocating the reward. Foraging time dropped by 28% per visit for ants that received 25 ppm of caffeine and by 38% per visit for ants that received 250 ppm of caffeine, meaning that if an ant took 300 s in its first visit, by the final trial, it would be expected to take 113 s at the low caffeine dose and 54 s at the intermediate dose. This effect was not seen at the highest caffeine dose.

The researchers showed that caffeine lowered the ants' foraging times by making them more efficient, not by making them speedier. There was no effect of caffeine on the ants' pace at any dosage, but ants that received low to intermediate doses of caffeine trips traveled by less tortuous paths.

"What we see is that they're not moving faster, they're just being more focused on where they're going," says Galante. "This suggests that they know where they want to go, therefore, they have learned the locations of the reward."

Caffeine had no impact on the ants' homing ability (how efficiently they traveled back to the nest), though their paths home became less winding with each trip regardless of caffeine.

The researchers are optimistic that caffeine could help efforts to control Argentine ants, but further research is needed first. They're currently testing caffeine-laced baits in a more naturalistic field setting in Spain and also plan to investigate whether there is any interaction between caffeine and the bait poison.

This research was supported by the European Research Council, the Deutsche Forschungsgemeinschaft, and the University of Regensburg




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240523112447.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Exploring diversity in cell division | ScienceDaily
Cell division is one of the most fundamental processes of life. From bacteria to blue whales, every living being on Earth relies on cell division for growth, reproduction, and species survival. Yet, there is remarkable diversity in the way different organisms carry out this universal process. A new study from EMBL Heidelberg's Dey group and their collaborators, recently published in Nature, explores how different modes of cell division evolved in close relatives of fungi and animals, demonstrating, for the first time, the link between an organism's life cycle and the way their cells divide.


						
Despite last sharing a common ancestor over a billion years ago, animals and fungi are similar in many ways. Both belong to a broader group called 'eukaryotes' -- organisms whose cells store their genetic material inside a closed compartment called the 'nucleus'. The two differ, however, in how they carry out many physiological processes, including the most common type of cell division -- mitosis.

Most animal cells undergo 'open' mitosis, in which the nuclear envelope -- the two-layered membrane separating the nucleus from the rest of the cell -- breaks down when cell division begins. However, most fungi use a different form of cell division -- called 'closed' mitosis -- in which the nuclear envelope remains intact throughout the division process. However, very little is known about why or how these two distinct modes of cell division evolved and what factors determine which mode would be predominantly followed by a particular species.

This question captured the attention of scientists in the Dey Group at EMBL Heidelberg, who investigate the evolutionary origins of the nucleus and cell division. "By studying diversity across organisms and reconstructing how things evolved, we can begin to ask if there are universal rules that underlie how such fundamental biological processes work," said Gautam Dey, Group Leader at EMBL Heidelberg.

In 2020, during the COVID-19 lockdown, an unexpected path to answering this question grew out of discussions between Dey's group and Omaya Dudin's team at the Swiss Federal Institute of Technology (EPFL), Lausanne. Dudin is an expert in an unusual group of marine protists -- Ichthyosporea. Ichthyosporea are closely related to both fungi and animals, with different species lying closer to one or the other group on the evolutionary family tree.

The Dey and Dudin groups, in collaboration with Yannick Schwab's group at EMBL Heidelberg, decided to probe the origins of open and closed mitosis using Ichthyosporea as a model. Interestingly, the researchers found that certain species of Ichthyosporea undergo closed mitosis while others undergo open mitosis. Therefore, by comparing and contrasting their biology, they could obtain insights into how organisms adapt to and use these two cell division modes.

Hiral Shah, an EIPOD fellow working across the three groups, led the study. "Having recognised very early that Ichthyosporea, with their many nuclei and key evolutionary position between animal and fungi, were well-suited for addressing this question, it was clear that this would require bringing together the cell biological and technical expertise of the Dey, Dudin, and Schwab groups, and this is exactly what the EIPOD fellowship allowed me to do," said Shah.




Upon closely probing the mechanisms of cell division in two species of Ichthyosporeans, the researchers found that one species, S. arctica, favours closed mitosis, similar to fungi. S. arctica also has a life cycle with a multinucleate stage, where many nuclei exist within the same cell -- another feature shared with many fungal species as well as the embryonic stages of certain animals, such as fruit flies. Another species, C. perkinsii, turned out to be much more animal-like, relying on open mitosis. Its life cycle involves primarily mononucleate stages, where each cell has a single nucleus.

"Our findings led to the key inference that the way animal cells do mitosis evolved hundreds of millions of years before animals did. The work therefore has direct implications for our general understanding of how eukaryotic cell division mechanisms evolve and diversify in the context of diverse life cycles, and provides a key piece of the animal origins puzzle," said Dey.

The study combined expertise in comparative phylogenetics, electron microscopy (from the Schwab Group and the electron microscopy core facility (EMCF) at EMBL Heidelberg), and ultrastructure expansion microscopy, a technique that involves embedding biological samples in a transparent gel and physically expanding it. Additionally, Eelco Tromer, from the University of Groningen in the Netherlands, and Iva Tolic, from the Ru?er Boskovi? Institute in Zagreb, Croatia, provided expertise in comparative genomics and mitotic spindle geometry and biophysics, respectively.

"The first time we saw an expanded S. arctica nucleus, we knew this technique would change the way we study the cell biology of non-model organisms," said Shah, who brought back the expansion microscopy technique to EMBL Heidelberg after a stint at the Dudin lab. Dey agrees: "A key breakthrough in this study came with our application of ultrastructure expansion microscopy (U-ExM) to the analysis of the ichthyosporean cytoskeleton. Without U-ExM, immunofluorescence and most dye labelling protocols do not work in this understudied group of marine holozoans."

This study also demonstrates the importance of going beyond traditional model organism research when trying to answer broad biological questions, and the potential insights further research on Ichthyosporean systems might reveal. "Ichthyosporean development displays remarkable diversity," said Dudin. "On one hand, several species exhibit developmental patterns similar to those of early insect embryos, featuring multinucleated stages and synchronised cellularisation. On the other hand, C. perkinsii undergoes cleavage division, symmetry breaking, and forms multicellular colonies with distinct cell types, similar to the 'canonical view' of early animal embryos. This diversity not only helps in understanding the path to animals but also offers a fascinating opportunity for comparative embryology outside of animals, which is, in itself, very exciting."

The project's inherent interdisciplinarity served not only as a good testbed for this type of collaborative research but also for the unique postdoctoral training afforded at EMBL. "Hiral's project nicely illustrates the virtue of the EIPOD programme: a truly interdisciplinary project, bundling innovative biology with advanced methods, all contributing to a truly spectacular personal development," said Schwab. "We (as mentors) witnessed the birth of a strong scientist, and this is really rewarding!"

The Dey, Dudin, and Schwab groups are currently also collaborating on the PlanExM project, part of the TREC expedition -- an EMBL-led initiative to explore and sample the biodiversity along European coasts. PlanExM aims to apply expansion microscopy to study the ultrastructural diversity of marine protists directly in environmental samples. "The project grew out of the realisation that U-ExM is going to be a game-changer for protistology and marine microbiology," said Dey. With this project, as well as others currently underway, the research team hopes to shed further light on the diversity of life on Earth and the evolution of the fundamental biological processes.
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Australian study proves 'humans are planet's most frightening predator' | ScienceDaily
Australia lacks fearsome large carnivores like lions and wolves, and the relative lack of fear that marsupials like kangaroos and wallabies show to dogs (and other introduced carnivores) has been attributed to a lack of evolutionary experience with large mammalian predators. This, however, overlooks the 50,000-year-long presence in Australia of the world's most fearsome predator -- the human 'super predator.'


						
A new study conducted by Western University biology professor Liana Zanette, in collaboration with Calum Cunningham and Chris Johnson from the University of Tasmania, demonstrates kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator. Findings of the study, were published May 21 in the journal Proceedings of the Royal Society B.

These results greatly strengthen findings from similar studies by Zanette and her collaborators, and others, conducted in North America, Europe, Africa and Asia, which show wildlife worldwide fear the human 'super predator' far more than lions, leopards, cougars, bears, wolves or dogs.

For this new study, Zanette and her colleagues worked in the eucalypt forest in Tasmania and experimentally demonstrated that kangaroos, wallabies and other marsupials were 2.4 times more likely to flee in response to hearing human voices compared to hearing dogs, Tasmanian devils or wolves. Every species in the marsupial community, moreover, demonstrated the same pattern, being roughly twice as likely to flee from humans as the next most frightening predator, which in each case was dogs, and all were most vigilant to humans.

"These results greatly expand the growing experimental evidence that wildlife worldwide perceive humans as the planet's most frightening predator," said Zanette, a renowned wildlife ecologist. "The very substantial fear of humans demonstrated here, and in comparable recent experiments, can be expected to have dramatic ecological consequences, because other new research has established that fear itself can reduce wildlife numbers, and fear of humans can cause cascading impacts on multiple species throughout entire landscapes."

To conduct their experiment, the team deployed hidden automated camera-speaker systems that, when triggered by an animal passing within a short distance (approximately 10 meters, or 30 feet), filmed the response to humans speaking calmly, dogs barking, Tasmanian devils snarling, wolves howling or non-threatening controls, such as sheep bleating.

"Global surveys show humans kill prey at much higher rates than other predators, making humans a 'super predator,' and the profound fear of humans being revealed in wildlife everywhere is wholly consistent with humanity's unique lethality," said Zanette. "Humans are 'the invisible killer' insofar as we do not often think of ourselves as a major predator, let alone the most dangerous, but wildlife clearly think differently -- and recognize us for what we are."
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Cement recycling method could help solve one of the world's biggest climate challenges | ScienceDaily
Researchers from the University of Cambridge have developed a method to produce very low emission concrete at scale -- an innovation that could be transformative in the transition to net zero.


						
The method, which the researchers say is "an absolute miracle," uses the electrically-powered arc furnaces used for steel recycling to simultaneously recycle cement, the carbon-hungry component of concrete.

Concrete is the second-most-used material on the planet, after water, and is responsible for approximately 7.5% of total anthropogenic CO2 emissions. A scalable, cost-effective way of reducing concrete emissions while meeting global demand is one of the world's biggest decarbonisation challenges.

The Cambridge researchers found that used cement is an effective substitute for lime flux, which is used in steel recycling to remove impurities and normally ends up as a waste product known as slag. But by replacing lime with used cement, the end product is recycled cement that can be used to make new concrete.

The cement recycling method developed by the Cambridge researchers, reported in the journal Nature, does not add any significant costs to concrete or steel production and significantly reduces emissions from both concrete and steel, due to the reduced need for lime flux.

Recent tests carried out by the Materials Processing Institute, a partner in the project, showed that recycled cement can be produced at scale in an electric arc furnace (EAF), the first time this has been achieved. Eventually, this method could produce zero emission cement, if the EAF was powered by renewable energy.

"We held a series of workshops with members of the construction industry on how we could reduce emissions from the sector," said Professor Julian Allwood from Cambridge's Department of Engineering, who led the research. "Lots of great ideas came out of those discussions, but one thing they couldn't or wouldn't consider was a world without cement."

Concrete is made from sand, gravel, water, and cement, which serves as a binder. Although it's a small proportion of concrete, cement is responsible for almost 90% of concrete emissions. Cement is made through a process called clinkering, where limestone and other raw materials are crushed and heated to about 1,450degC in large kilns. This process converts the materials into cement, but releases large amounts of CO2 as limestone decarbonates into lime.




Over the past decade, scientists have been investigating substitutes for cement, and have found that roughly half of the cement in concrete can be replaced with alternative materials, such as fly ash, but these alternatives need to be chemically activated by the remaining cement in order to harden.

"It's also a question of volume -- we don't physically have enough of these alternatives to keep up with global cement demand, which is roughly four billion tonnes per year," said Allwood. "We've already identified the low hanging fruit that helps us use less cement by careful mixing and blending, but to get all the way to zero emissions, we need to start thinking outside the box."

"I had a vague idea from previous work that if it were possible to crush old concrete, taking out the sand and stones, heating the cement would remove the water, and then it would form clinker again," said first author Dr Cyrille Dunant, also from the Department of Engineering. "A bath of liquid metal would help this chemical reaction along, and an electric arc furnace, used to recycle steel, felt like a strong possibility. We had to try."

The clinkering process requires heat and the right combination of oxides, all of which are in used cement, but need to be reactivated. The researchers tested a range of slags, made from demolition waste and added lime, alumina and silica. The slags were processed in the Materials Processing Institute's EAF with molten steel and rapidly cooled.

"We found the combination of cement clinker and iron oxide is an excellent steelmaking slag because it foams and it flows well," said Dunant. "And if you get the balance right and cool the slag quickly enough, you end up with reactivated cement, without adding any cost to the steelmaking process."

The cement made through this recycling process contains higher levels of iron oxide than conventional cement, but the researchers say this has little effect on performance.




The Cambridge Electric Cement process has been scaling rapidly, and the researchers say they could be producing one billion tonnes per year by 2050, which represents roughly a quarter of current annual cement production.

"Producing zero emissions cement is an absolute miracle, but we've also got to reduce the amount of cement and concrete we use," said Allwood. "Concrete is cheap, strong and can be made almost anywhere, but we just use far too much of it. We could dramatically reduce the amount of concrete we use without any reduction in safety, but there needs to be political will to make that happen.

"As well as being a breakthrough for the construction industry, we hope that Cambridge Electric Cement will also be a flag to help the government recognise that the opportunities for innovation on our journey to zero emissions extend far beyond the energy sector."

The researchers have filed a patent on the process to support its commercialisation. The research was supported in part by Innovate UK and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI).
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The origin of the sun's magnetic field could lie close to its surface | ScienceDaily
The sun's surface is a brilliant display of sunspots and flares driven by the solar magnetic field, which is internally generated through a process called dynamo action. Astrophysicists have assumed that the sun's field is generated deep within the star. But an MIT study finds that the sun's activity may be shaped by a much shallower process.


						
In a paper appearing in Nature, researchers at MIT, the University of Edinburgh, and elsewhere find that the sun's magnetic field could arise from instabilities within the sun's outermost layers.

The team generated a precise model of the sun's surface and found that when they simulated certain perturbations, or changes in the flow of plasma (ionized gas) within the top 5 to 10 percent of the sun, these surface changes were enough to generate realistic magnetic field patterns, with similar characteristics to what astronomers have observed on the sun. In contrast, their simulations in deeper layers produced less realistic solar activity.

The findings suggest that sunspots and flares could be a product of a shallow magnetic field, rather than a field that originates deeper in the sun, as scientists had largely assumed.

"The features we see when looking at the sun, like the corona that many people saw during the recent solar eclipse, sunspots, and solar flares, are all associated with the sun's magnetic field," says study author Keaton Burns, a research scientist in MIT's Department of Mathematics. "We show that isolated perturbations near the sun's surface, far from the deeper layers, can grow over time to potentially produce the magnetic structures we see."

If the sun's magnetic field does in fact arise from its outermost layers, this might give scientists a better chance at forecasting flares and geomagnetic storms that have the potential to damage satellites and telecommunications systems.

"We know the dynamo acts like a giant clock with many complex interacting parts," says co-author Geoffrey Vasil, a researcher at the University of Edinburgh. "But we don't know many of the pieces or how they fit together. This new idea of how the solar dynamo starts is essential to understanding and predicting it."

The study's co-authors also include Daniel Lecoanet and Kyle Augustson of Northwestern University, Jeffrey Oishi of Bates College, Benjamin Brown and Keith Julien of the University of Colorado at Boulder, and Nicholas Brummell of the University of California at Santa Cruz.




Flow zone

The sun is a white-hot ball of plasma that's boiling on its surface. This boiling region is called the "convection zone," where layers and plumes of plasma roil and flow. The convection zone comprises the top one-third of the sun's radius and stretches about 200,000 kilometers below the surface.

"One of the basic ideas for how to start a dynamo is that you need a region where there's a lot of plasma moving past other plasma, and that shearing motion converts kinetic energy into magnetic energy," Burns explains. "People had thought that the sun's magnetic field is created by the motions at the very bottom of the convection zone."

To pin down exactly where the sun's magnetic field originates, other scientists have used large three-dimensional simulations to try to solve for the flow of plasma throughout the many layers of the sun's interior. "Those simulations require millions of hours on national supercomputing facilities, but what they produce is still nowhere near as turbulent as the actual sun," Burns says.

Rather than simulating the complex flow of plasma throughout the entire body of the sun, Burns and his colleagues wondered whether studying the stability of plasma flow near the surface might be enough to explain the origins of the dynamo process.

To explore this idea, the team first used data from the field of "helioseismology," where scientists use observed vibrations on the sun's surface to determine the average structure and flow of plasma beneath the surface.




"If you take a video of a drum and watch how it vibrates in slow motion, you can work out the drumhead's shape and stiffness from the vibrational modes," Burns says. "Similarly, we can use vibrations that we see on the solar surface to infer the average structure on the inside."

Solar onion

For their new study, the researchers collected models of the sun's structure from helioseismic observations. "These average flows look sort like an onion, with different layers of plasma rotating past each other," Burns explains. "Then we ask: Are there perturbations, or tiny changes in the flow of plasma, that we could superimpose on top of this average structure, that might grow to cause the sun's magnetic field?"

To look for such patterns, the team utilized the Dedalus Project -- a numerical framework that Burns developed that can simulate many types of fluid flows with high precision. The code has been applied to a wide range of problems, from modeling the dynamics inside individual cells, to ocean and atmospheric circulations.

"My collaborators have been thinking about the solar magnetism problem for years, and the capabilities of Dedalus have now reached the point where we could address it," Burns says.

The team developed algorithms that they incorporated into Dedalus to find self-reinforcing changes in the sun's average surface flows. The algorithm discovered new patterns that could grow and result in realistic solar activity. In particular, the team found patterns that match the locations and timescales of sunspots that have been have observed by astronomers since Galileo in 1612.

Sunspots are transient features on the surface of the sun that are thought to be shaped by the sun's magnetic field. These relatively cooler regions appear as dark spots in relation to the rest of the sun's white-hot surface. Astronomers have long observed that sunspots occur in a cyclical pattern, growing and receding every 11 years, and generally gravitating around the equator, rather than near the poles.

In the team's simulations, they found that certain changes in the flow of plasma, within just the top 5 to 10 percent of the sun's surface layers, were enough to generate magnetic structures in the same regions. In contrast, changes in deeper layers produce less realistic solar fields that are concentrated near the poles, rather than near the equator.

The team was motivated to take a closer look at flow patterns near the surface as conditions there resembled the unstable plasma flows in entirely different systems: the accretion disks around black holes. Accretion disks are massive disks of gas and stellar dust that rotate in towards a black hole, driven by the "magnetorotational instability," which generates turbulence in the flow and causes it to fall inward.

Burns and his colleagues suspected that a similar phenomena is at play in the sun, and that the magnetorotational instability in the sun's outermost layers could be the first step in generating the sun's magnetic field.

"I think this result may be controversial," he ventures. "Most of the community has been focused on finding dynamo action deep in the sun. Now we're showing there's a different mechanism that seems to be a better match to observations." Burns says that the team is continuing to study if the new surface field patterns can generate individual sunspots and the full 11-year solar cycle.

This research was supported, in part, by NASA.
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Promethium bound: Rare earth element's secrets exposed | ScienceDaily
Scientists have uncovered the properties of a rare earth element that was first discovered 80 years ago at the very same laboratory, opening a new pathway for the exploration of elements critical in modern technology, from medicine to space travel.


						
Promethium was discovered in 1945 at Clinton Laboratories, now the Department of Energy's Oak Ridge National Laboratory, and continues to be produced at ORNL in minute quantities. Some of its properties have remained elusive despite the rare earth element's use in medical studies and long-lived nuclear batteries. It is named after the mythological Titan who delivered fire to humans and whose name symbolizes human striving.

"The whole idea was to explore this very rare element to gain new knowledge," said Alex Ivanov, an ORNL scientist who co-led the research. "Once we realized it was discovered at this national lab and the place where we work, we felt an obligation to conduct this research to uphold the ORNL legacy."

The ORNL-led team of scientists prepared a chemical complex of promethium, which enabled its characterization in solution for the first time. Thus, they exposed the secrets of this extremely rare lanthanide, whose atomic number is 61, in a series of meticulous experiments.

Their landmark study, published in the journal Nature, marks a significant advance in rare earth research and might rewrite chemistry textbooks.

"Because it has no stable isotopes, promethium was the last lanthanide to be discovered and has been the most difficult to study," said ORNL's Ilja Popovs, who co-led the research. Most rare earth elements are lanthanides, elements from 57 -- lanthanum -- to 71 -- lutetium -- on the periodic table. They have similar chemical properties but differ in size.

The other 14 lanthanides are well understood. They are metals with useful properties that make them indispensable in many modern technologies. They are workhorses of applications such as lasers, permanent magnets in wind turbines and electric vehicles, X-ray screens and even cancer-fighting medicines.




"There are thousands of publications on lanthanides' chemistry without promethium. That was a glaring gap for all of science," said ORNL's Santa Jansone-Popova, who co-led the study. "Scientists have to assume most of its properties. Now we can actually measure some of them."

The research relied on unique resources and expertise available at DOE national laboratories. Using a research reactor, hot cells and supercomputers, as well as the accumulated knowledge and skills of 18 scientists in different fields, the authors detailed the first observation of a promethium complex in solution.

The ORNL scientists bound, or chelated, radioactive promethium with special organic molecules called diglycolamide ligands. Then, using X-ray spectroscopy, they determined the properties of the complex, including the length of the promethium chemical bond with neighboring atoms -- a first for science and a longstanding missing piece to the periodic table of elements.

Promethium is very rare; only about a pound occurs naturally in the Earth's crust at any given time. Unlike other rare earth elements, only minute quantities of synthetic promethium are available because it has no stable isotopes.

For this study, the ORNL team produced the isotope promethium-147, with a half-life of 2.62 years, in sufficient quantities and at a high enough purity to study its chemical properties. ORNL is the United States' only producer of promethium-147.

Notably, the team provided the first demonstration of a feature of lanthanide contraction in solution for the whole lanthanide series, including promethium, atomic number 61. Lanthanide contraction is a phenomenon in which elements with atomic numbers between 57 and 71 are smaller than expected. As the atomic numbers of these lanthanides increase, the radii of their ions decrease. This contraction creates distinctive chemical and electronic properties because the same charge is limited to a shrinking space. The ORNL scientists got a clear promethium signal, which enabled them to better define the shape of the trend -- across the series.




"It's really astonishing from a scientific viewpoint. I was struck once we had all the data," said Ivanov. "The contraction of this chemical bond accelerates along this atomic series, but after promethium, it considerably slows down. This is an important landmark in understanding the chemical bonding properties of these elements and their structural changes along the periodic table."

Many of these elements, such as those in the lanthanide and actinide series, have applications ranging from cancer diagnostics and treatment to renewable energy technologies and long-lived nuclear batteries for deep space exploration.

The achievement will, among other things, ease the difficult job of separating these valuable elements, according to Jansone-Popova. The team has long worked on separations for the whole series of lanthanides, "but promethium was the last puzzle piece. It was quite challenging," she said. "You cannot utilize all these lanthanides as a mixture in modern advanced technologies, because first you need to separate them. This is where the contraction becomes very important; it basically allows us to separate them, which is still quite a difficult task."

The research team used several premier DOE facilities in the project. At ORNL, promethium was synthesized at the High Flux Isotope Reactor, a DOE Office of Science user facility, and purified at the Radiochemical Engineering Development Center, a multipurpose radiochemical processing and research facility. Then, the team performed X-ray absorption spectroscopy at the National Synchrotron Light Source II, a DOE Office of Science user facility at DOE's Brookhaven National Laboratory, specifically working at the Beamline for Materials Measurement, which is funded and operated by the National Institute of Standards and Technology.

The team also performed quantum chemical calculations and molecular dynamics simulations at the Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility at ORNL, using the lab's Summit supercomputer, the only computational resource capable of providing the necessary calculations at the time. In addition, the researchers used resources of the Compute and Data Environment for Science at ORNL. They expect future calculations to be performed on ORNL's Frontier, the world's most powerful supercomputer and the first exascale system, which is able to perform more than a quintillion calculations each second.

Popovs emphasized that the ORNL-led accomplishments can be attributed to teamwork. Each of the Nature paper's 18 authors was critical to the project, he said.

The achievement sets the stage for a new era of research, the scientists said. "Anything that we would call a modern marvel of technology would include, in one shape or another, these rare earth elements," Popovs said. "We are adding the missing link."

Besides Popovs, Ivanov and Jansone-Popova from ORNL's Chemical Sciences Division, the paper's co-authors include Darren Driscoll, Subhamay Pramanik, Jeffrey Einkauf, Santanu Roy and Thomas Dyke, also of ORNL's Chemical Sciences Division; Frankie White, Richard Mayes, Laetitia Delmau, Samantha Cary, April Miller and Sandra Davern of ORNL's Radioisotope Science and Technology Division; Matt Silveira and Shelley VanCleve of ORNL's Isotope Processing and Manufacturing Division; Dmytro Bykov of the National Center for Computational Sciences at ORNL; and Bruce Ravel of the National Institute of Standards and Technology.

This work was primarily co-sponsored by DOE's Office of Science for ligand synthesis, lanthanide complexation studies, crystallization processes, spectroscopic analyses and simulation efforts. The production, purification and preparation of the promethium sample were supported by the DOE Isotope Program, managed by the Office of Science for Isotope R&D and Production. The single-crystal X-ray diffraction data collection and refinement were supported by the DOE Office of Science.
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New AI accurately predicts fly behavior | ScienceDaily
We've been told, "The eyes are the window to the soul." Well, windows work two ways. Our eyes are also our windows to the world. What we see and how we see it help determine how we move through the world. In other words, our vision helps guide our actions, including social behaviors. Now, a young Cold Spring Harbor Laboratory (CSHL) scientist has uncovered a major clue into how this works. He did it by building a special AI model of the common fruit fly brain.


						
CSHL Assistant Professor Benjamin Cowley and his team honed their AI model through a technique they developed called "knockout training." First, they recorded a male fruit fly's courtship behavior -- chasing and singing to a female. Next, they genetically silenced specific types of visual neurons in the male fly and trained their AI to detect any changes in behavior. By repeating this process with many different visual neuron types, they were able to get the AI to accurately predict how the real fruit fly would act in response to any sight of the female.

"We can actually predict neural activity computationally and ask how specific neurons contribute to behavior," Cowley says. "This is something we couldn't do before."

With their new AI, Cowley's team discovered that the fruit fly brain uses a "population code" to process visual data. Instead of one neuron type linking each visual feature to one action, as previously assumed, many combinations of neurons were needed to sculpt behavior. A chart of these neural pathways looks like an incredibly complex subway map and will take years to decipher. Still, it gets us where we need to go. It enables Cowley's AI to predict how a real-life fruit fly will behave when presented with visual stimuli.

Does this mean AI could someday predict human behavior? Not so fast. Fruit fly brains contain about 100,000 neurons. The human brain has almost 100 billion.

"This is what it's like for the fruit fly. You can imagine what our visual system is like, " says Cowley, referring to the subway map.

Still, Cowley hopes his AI model will someday help us decode the computations underlying the human visual system.

"This is going to be decades of work. But if we can figure this out, we're ahead of the game," says Cowley. "By learning [fly] computations, we can build a better artificial visual system. More importantly, we're going to understand disorders of the visual system in much better detail."

How much better? You'll have to see it to believe it.
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Smoke covered 70% of California during biggest wildfire years | ScienceDaily
As much as 70% of California was covered by wildfire smoke during parts of 2020 and 2021, according to a study from the University of California, Davis. The study, published today in the journal Communications: Earth & Environment, combined lake-based sensors with satellite imagery to find that maximum smoke cover has increased by about 116,000 square miles since 2006.


						
The study measured lake responses to wildfire smoke in 2018, 2020 and 2021 -- the three largest fire seasons on record in California. It found the lakes were exposed on average to 33 days of high-density smoke between July and October, with August and September having the highest number of smoky days.

The extent of wildfire in California has quintupled since the 1970s, the study notes. Yet little is known about the impact of smoke on lake ecosystems.

"We're looking at a scenario where for the next 100 years or longer, smoke will be a feature on the landscape," said senior author Steven Sadro, a UC Davis limnologist and associate professor in the department of Environmental Science and Policy. "What does that mean for fundamental ecology? What are the implications of those changes? Those are the big questions we're focused on in aquatic systems."

Science and serendipity

Answering those questions requires a bit of serendipity. Scientific instrumentation needs to be present in lakes when and where wildfire smoke occurs to measure effects.

As smoke settled over the state throughout the three main study years, scientific sensors in 10 lakes were taking note of the changes.




The lakes spanned a gradient of California landscapes, from cold mountain lakes to murky warmer waters. They stretched from Castle Lake in the Klamath Mountains, to Lake Tahoe and Emerald Lake in the southern Sierra Nevada, Clear Lake in the Coast Range, and a site in the Sacramento-San Joaquin River Delta.

"We were measuring things like temperature, light and oxygen in the water," said lead author Adrianne Smits, a research scientist in the UC Davis Environmental Science and Policy Department. "These are all components of lake productivity and health. We were interested in how those things change under smoky conditions."

The scientists hypothesized that smoke and ash would "dim the lights," affecting rates of photosynthesis and respiration of the lake's plant and aquatic life -- the foundation of healthy lake ecosystems.

Changed by smoke

The study verified that wildfire smoke does change light, water temperature and oxygen in lakes -- the basic drivers of lake function and health -- but those changes are as variable as the unique lakes studied.

Smits said there is no one answer to how wildfire smoke impacts lakes other than, "It depends." Lake size, depth, smoke cover, nutrient levels and more dictate how a lake responds to the changes. But lakes are changing.




"We're seeing changes -- often decreases -- in photosynthesis and respiration rates that drive almost everything else," said Smits. "Food webs, algal growth, the ability to emit or sequester carbon -- those are dependent on these rates. They're all related, and they're all being changed by smoke."

This points to the need for more research to understand how the scale, scope and intensity of recent and future wildfires affect lake ecosystems.

"We need to reframe how we're thinking about wildfire smoke -- as a seasonal weather phenomenon and not just an 'event' that happens and goes away," said Smits. "We think about it for our health, but we should be thinking about it for ecosystem health, as well."

Co-authoring institutions include the UC Davis Tahoe Environmental Research Center; UC Davis Land, Air and Water Resources; University of Nevada-Reno; and Universidad Nacional del Sur in Argentina.

The study was funded through a grant for Rapid Response Research (RAPID) by the National Science Foundation.
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'Fossilizing' cracks in infrastructure creates sealing that can even survive earthquakes | ScienceDaily
Various forms of underground activity, such as deep wells or the disposal of hazardous materials, require the long-term sealing of rocks. A team of researchers has developed an innovative method based on fossilization processes to seal cracks and fractures in rock using a "concretion-forming resin." The results were published in Communications Engineering.


						
The underground disposal of pollutants, such as radioactive waste and carbon dioxide, poses unique challenges. To avoid their release, it is necessary to seal the shafts and boreholes used for investigations and ensure that there are no leaks from the rock for long periods of time. Unfortunately, current cement-based sealing materials do not offer long-term functionality and durability. Especially in earthquake-prone countries, such as Japan, this may cause future complications, such as leaks.

To find a solution, lead researcher Hidekazu Yoshida of the Nagoya University Museum turned to his expertise in fossil preservation in calcium carbonate concretions. He understood that such concretions form quite rapidly within a few weeks to years, and fossils in concretions remain remarkably intact for millions of years, even when extracted from locations prone to weathering and seismic disturbances. He mused about the potential use of a similar approach in an industrial context.

"I realized that well-preserved fossils in concretions had withstood weathering and the like for tens to hundreds of thousands of years in the natural environment," Yoshida said. "I became inspired by studying how fast concretions were formed and why the fossils inside were preserved so well."

One reason for the durability of fossils is the concretion process. This is a natural fossilization process in which minerals in groundwater precipitate out of the water and accumulate around the organic material. Calcite in the groundwater seals the remains by forming crystals around them, binding the surrounding sediments. This mechanism creates an almost impenetrable fossil, with the crystals blocking even small, micrometer-sized openings.

Based on the concretion-forming process, the researchers mixed two agents to develop a "concretion-forming resin." The resin holds the ions needed to form calcite when water is introduced. Calcite forms impenetrable crystals in cracks and holes, reproducing the concretion formation process seen in nature, only much faster.

During a test in an underground laboratory 350 meters below the surface in Hokkaido, the northernmost island of Japan, the researchers discovered that their resin-based material had remarkable sealing abilities. When applied to flow-paths in the rock, it sealed them completely and rapidly.

The area experienced six earthquakes in the space of two days, including a magnitude 5.4 earthquake, putting their resin to the ultimate test. Despite a further five earthquakes during the test period, the cracks remained sealed. In fact, open cracks even resealed as the crystals reformed.

"The earthquakes were coincidence; something we never expected and planned for," Yoshida said. "They were a surprise to us, but it was such a great opportunity to see the material's performance. Such a fast-acting and sustained sealing effect of rock fractures, including post-earthquake crack repair, has never been reported before. Conventional cement materials cannot achieve this result."

The group is working closely with the Japan Atomic Energy Agency, Sekisui Chemical Co., and Chubu Electric Power Co., Ltd. to ensure that the resin will be commercially viable. Following their successful test, the team anticipates a wide range of applications, including long-term underground sequestration of radioactive waste and carbon dioxide, sealing abandoned oil wells, groundwater control during rock and mine excavation, and repair of cracks in ageing infrastructure such as roads and buildings.
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Excavation reveals 'major' ancient migration to Timor Island | ScienceDaily
The discovery of thousands of stone artefacts and animal bones in a deep cave in Timor Island has led archaeologists to reassess the route that early humans took to reach Australia.


						
Researchers from The Australian National University (ANU), Flinders University, University College London (UCL) and the ARC Centre of Excellence for Australian Biodiversity and Heritage dated and analysed the artefacts and sediment at the Laili rock shelter in central-north Timor-Leste, north of Australia, to pinpoint the arrival of the colonists.

They detected a human "arrival signature" from about 44,000 years ago, suggesting there were no humans on the island prior to this time.

"Unlike other sites in the region, the Laili rock shelter preserved deep sediments dating between 59,000 and 54,000 years ago which showed no clear signs of human occupation," Dr Shimona Kealy, from the ANU College of Asia and the Pacific, said.

"When we analyse and compare markers of human occupation from other sites across Timor-Leste and nearby Flores Island, we can confidently say humans were also absent throughout the wider region of the southern Wallacean islands.

"This is significant as these islands were most likely a gateway crossing for ancient humans making the crossing to Australia."

Study co-author Professor Sue O'Connor, also from ANU, said Timor Island has long been considered a stepping stone island for the first human migration between mainland Southeast Asia and into Australia and New Guinea. But the new findings challenge this theory.




"The absence of humans on Timor Island earlier than at least 50,000 years ago is significant as it indicates that these early humans arrived on the island later than previously believed," she said.

"This provides further evidence to suggest early humans were making the crossing to Australia using the stepping stone island of New Guinea, rather than Timor Island as researchers had previously suggested.

"In addition to prompting a re-evaluation of the route and timing of earliest human migration through Wallacea and into Sahul, our findings highlight the fact that migration into the islands was ongoing with occupation of the southern islands occurring thousands of years after the initial settlement of Australia."

The sediment from the site was analysed at the Flinders Microarchaeology Laboratory by co-author Associate Professor Mike Morley.

"The shift from pre-occupation to intensive human activity at the site was very clear in the sediments," Associate Professor Morley, from Flinders University, said.

"As soon as people arrived on the scene, their use of the cave was very intensive, with clear evidence of burning and trampling of the shelter floor underfoot."

The research team unearthed lots of small stone tools during the excavation, as well as charred fish bones.




"We know these people specialised in making tiny stone tools, but we're not 100 per cent sure what they were used for," Dr Kealy said.

"Because a lot of their diet was either shellfish or small animals, you don't really need big knives to gather that sort of food. But having small, fine tools is useful for things like stripping leaves to then weave into baskets, but also for creating wooden tools."

Based on the sheer number of artefacts unearthed at the site, the researchers say the migration to Timor Island was a "major" one. According to the researchers, these ancient humans likely made the crossing to Timor from nearby Flores Island and mainland Southeast Asia.

"The traditional view held by researchers is that early humans who were making these significant water crossings were stumbling upon these islands by mistake, largely because it was so long ago," Dr Kealy said.

"Their arrival on Timor was no accident. This was a major colonisation effort, evident through the sheer number of people who were making the journey.

"It's a testament to these peoples' level of maritime technology and the boats they created, but also their confidence and competence in braving maritime crossings."

The research is published in Nature Communications. This work was led by Dr Ceri Shipton from UCL and also involved scientists from Griffith University and the University of Wollongong.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240522130340.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Roots are a key to drought-tolerant maize | ScienceDaily
Maize can grow successfully in very different local conditions. An international study headed by the University of Bonn has now demonstrated the important role of the plant root system. The researchers analyzed more than 9,000 varieties in the study and were able to show that their roots varied considerably -- depending on how dry the location is where each variety was cultivated. They were also able to identify an important gene that plays a role in the plant's ability to adapt. This gene could be the key to developing varieties of maize that cope better with climate change. The results were recently published in the journal Nature Genetics.


						
It is a bushy plant with highly branched stems. Finger-length ears grow from the axils of their elongated leaves and every one of them consists of a dozen rock-hard seeds.

You have to look very closely to recognize kinship with one of the world's most important cultivated plants. And yet experts all agree that the genus teosinte is the ancestral form of all modern varieties of maize. Farmers in southwest Mexico began to select the progeny of teosinte plants that produced the most grains, and the tastiest grains, more than 9,000 years ago. Modern maize crops were cultivated in this way over the course of many generations and now maize is cultivated across all the continents. "We know that the appearance of the plants changed significantly during this time and, for example, the cobs have become much bigger and more prolific," explains Prof. Dr. Frank Hochholdinger from the Institute of Crop Science and Resource Conservation (INRES) at the University of Bonn. "Up to now relatively little has been known, however, about how the root system developed over this period of domestication and afterwards."

Roots in paper cigars

This has now changed thanks to the new study. Over the last eight years, the participating research groups have investigated around 9,000 varieties of maize and 170 varieties of teosinte around the world. The researchers collected seeds and placed them onto special brown paper, which was then rolled into a cigar shape and stored upright in narrow glass beakers. "Around 14 days after germination, we unrolled the paper so that we could observe the early development of the roots without the interference of any soil adhered to them," says Hochholdinger. In cooperation with a research group headed by Dr. Robert Koller (Forschungszentrum Julich), the researchers also studied root growth in soil. They used a method that is more commonly known from the field of medicine for this purpose -- magnetic resonance imaging.

The results showed how the root structure has radically changed during the domestication of teosinte to cultivated maize. "In the maize varieties, we often find seminal roots shortly after germination -- with as many as ten or more of these roots in some varieties," explains Dr. Peng Yu, who is head of an Emmy Noether research group at INRES and has recently accepted the offer of a professorship at TU Munich. "This is not the case with teosinte." Seminal roots give the seedlings an initial advantage under optimal conditions: They enable them to absorb large amounts of nutrients from the soil very rapidly. "However, we noticed that another type of root -- the lateral roots -- suffer as a consequence," says Yu.

Lateral roots are especially important for the uptake of water because they greatly enlarge the root surface. This is probably the reason why the number of seminal roots varies considerably depending on the variety: Maize varieties that have adapted to dry conditions grow significantly fewer seminal roots and more lateral roots. When breeding these varieties, farmers in the past were unknowingly selecting plants that have led to the development of this root structure.




160 candidate genes identified

The researchers also investigated which genetic material was responsible for the growth of seminal roots and were able to identify more than 160 candidate genes. "We then studied one of these genes named ZmHb77 in more detail," says Hochholdinger. "We noticed that plants with this gene grew more seminal and at the same time fewer lateral roots."

The researchers deliberately switched off this gene in some plants and were able to change the root structure so that they could better tolerate periods of drought. "This gene is thus important for breeding drought-tolerant varieties," explains the researcher. "In view of climate change, these varieties will become increasingly important if we want to avoid more and more crop failures in the future."

The study is also a good example of successful international cooperation: Researchers from 20 different research groups participated in the work. "The cooperation with the research group headed by Tianyu Wang at the Chinese Academy of Agricultural Sciences was especially important," emphasizes Hochholdinger. "He investigated countless varieties of maize that are cultivated in different regions throughout China. On the other hand, the work to analyze which genes frequently occur in which regions was carried out by our US partners from Pennsylvania State University. Among other things, the researchers there used a special simulation software to investigate the role played by the availability of water."

The following institutions participated in the study: University of Bonn, Chinese Academy of Agricultural Sciences, Pennsylvania State University (USA), Southwest University Chongqing (China), Institute of Natural Resources and Agrobiology of Seville (Spain), Pablo de Olavide University (Spain), Forschungszentrum Julich, Leibniz Institute of Plant Genetics and Crop Plant Research, University of Florida (USA), University of Bologna (Italy), Technical University of Munich, UCLouvain (Universite catholique de Louvain/Belgium), China Agricultural University and Iowa State University (USA).

The research was funded by, among others, the German Research Foundation (DFG), the National Science Foundation (NSF), the National Key Research and Development Program of China and the U.S. Department of Agriculture.
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Cuddled cows who work as therapy animals showed a strong preference for women compared to men, study finds | ScienceDaily

In turn, the research, which opens a new era on whether some therapies may be initially stronger based upon gender and not procedure, highlighted that the women also reported greater attachment behaviours towards the steers.

Dr Katherine Compitus, Clinical Assistant Professor at New York University, and Dr Sonya Bierbower, Associate Professor at United States Military Academy West Point, conducted the research using the Human-Animal Interaction Scale (HAIS) as a measurement tool.

HAIS is a 24-item self-report instrument designed to describe and quantify behaviours performed by humans and nonhuman animals during an episode of interaction.

Enrichment benefits of cattle involved in bovine-assisted therapy

The scientists examined the behavioural and cognitive traits of cattle who work as therapy animals and special attention was paid to the welfare and enrichment benefits of cattle involved in bovine-assisted therapy.

Dr Compitus and Dr Bierbower, who conducted their study at the Surrey Hills Sanctuary in New York State, USA, with two steers -- named Magnus and Callum -- and 11 people aged 13 to 79, say little research has so far addressed the therapeutic benefits of animal-assisted interventions with farm animals.




Of the research sample, six were females and five were males.

Dr Compitus said, "We have discovered in the current study that bovine-assisted therapy may not only be an effective treatment model that benefits human participants but appears to be enriching to the cattle participants as well, as shown by their proximity to and continuous interactions with humans."

Integrative model used in conjunction with other methods

Animal-assisted therapy (AAT) is an integrative model used in conjunction with other methods such as psychodynamic psychotherapy and cognitive behavioural therapy.

The most common AAT model, the scientists say, is when a companion animal, such as a dog or cat, is integrated into a therapeutic plan.

This model, they add, has been studied with a variety of populations and conditions, from treating substance abuse to autism, often with positive results.




Organizations that certify therapy animals will sometimes certify several species of animals to work as a therapeutic partner, such as llamas, miniature horses, and rabbits.

However, to date there has been little research addressing the therapeutic benefits of animal-assisted interventions with farm animals. Cows have special behavioural traits that allow them to bond with people in a way that is unique to their size and temperament.

Dr Bierbower said, "Two of the gaps in the research we address in this study are the inclusion of cattle in AAT and an examination of the cognitive processes of animals involved in AAT."

Cattle that enjoy human company will have reduced stress signals

Cattle that are uncomfortable with a human presence, the researchers suggest, will show an increase in stress signals such as vocalizations when involved in therapy work, while cattle that enjoy human company will have reduced stress signals.

Other notable behaviours in cattle during AAT may include lying down and licking or smelling the person. This is indicative of their comfort level with humans since cows are known to engage in social grooming.

With the two cattle in the study, Dr Compitus and Dr Bierbower found that after 45 minutes of contact with the humans, Magnus and Callum often smelled or licked them and accepted food from them.

They also allowed physical human-initiated interactions in the form of hugs, grooming, petting, or kisses.

The animals rarely made unfriendly or aggressive gestures towards them, though they would occasionally decline to interact.

One participant stated that she was worried the bulls would be more aggressive but "fell in love with cows" after the session. All participants reported having an overall positive session with the steers and most stated they would recommend bovine assisted therapy to a friend.

Strong preference or interactions with women compared to men

Dr Compitus said, "The results of this study show that the steers showed a strong preference or interactions with women compared to men, and, in turn, the women reported stronger attachment behaviours towards the steers.

"It is unclear without further testing whether the animals sought out the attention of women in general or if the women were more likely to initiate the actions when compared to the men participants."

The scientists conclude that they discovered in the study that bovine-assisted therapy may not only be an effective treatment model that benefits human participation but appears to be enriching to the cattle participants, as well, as shown by their proximity to and continuous interactions with humans.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240522130323.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Milk from before antibiotic era were resistant to antibiotic tetracycline | ScienceDaily
Sometime in the 1940s or so, someone in what is now the Department of Pathobiology and Veterinary Science got a lyophilizer, a piece of equipment that freeze-dries samples, says Director of the Connecticut Veterinary Medical Diagnostic Laboratory (CVMDL) Dr. Guillermo Risatti. Risatti explains that at that time, the microbiology lab was very active in testing milk for the dairy farms in the region. With an exciting new piece of equipment, it seems they started lyophilizing hundreds of samples.


						
The samples have been in storage ever since. Beyond the scant details that these are milk samples containing Streptococcus bacteria from the 1940s, Risatti explains that he and his colleagues -- CVMDL Research Associate Dr. Zeinab Helal, Ji-Yeon Hyeon (now at College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea), and Dong-Hun Lee (also now at College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea) -- were interested in exploring their microbial history.

Risatti says that over the years, the data was lost, so researchers don't have precise details of the provenance of the samples. But knowing a bit of history about the department, they can deduce some information.

"We believe that most of them came from Connecticut or perhaps from cases from the region, but we cannot say which parts," Risatti says. "Most likely, this lab provided a testing service to locals, as this was mainly a pathology lab. Now it's more like a diagnostic lab, and we receive samples from all over the region, including New York and New Jersey."

Learning about what these historical samples hold could help with research in unexpected ways, but the first step is piecing together the lost details. To do this, Risatti explains that the team established a workflow using standard techniques to streamline processes to analyze the visual characteristics, called phenotype, and to analyze their genotype with genomic sequencing.

Different species of Streptococcus use different strategies to inflict disease in the organisms they infect. These virulence factors are used to differentiate one species of Streptococcus from another and are one way to distinguish samples through phenotypic analysis. Another phenotypic analysis includes testing bacteria for their susceptibility to antibiotics.

The researchers started with 50 samples collected from 1941 to 1947, and they found that the samples contained seven different Streptococcus species, including two subspecies of S. dysgalactiae. Interestingly, the researchers found some of the samples were resistant to the antibiotic tetracycline and did not carry antibiotic resistance genes typically seen in today's antibiotic-resistant bacterial strains. Since these samples were collected prior to the antibiotic era, the results add to a growing body of literature showing that antibiotic resistance occurred naturally before humans discovered and began to use antibiotics.




"Antibiotic resistance is a very big area of research, and it has been for many years," says Risatti. "We did not go any further with our analysis because we don't have the tools here, but we hope to bring this information to the public. I think it could be the jumpstart for somebody to study further."

Risatti explains the hope is to partner with large agencies like the CDC and the Department of Public Health to help bolster antibiotic resistance research.

In developing the workflow, Risatti also praised the work of students Jillian Baron '24 (CAHNR) and Patricia Arceta '24 (CAHNR):

"This is a good platform for undergraduate students to gain experience and publish their findings. I am surprised by how eager these young people are. I am glad we can provide the space to do these things."

With an eye toward the future, Risatti is excited about potential future collaborations: "I hope that people can see a link between what we do at CVMDL and human health."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240522130318.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Naturally occurring substance in pomegranates can improve treatment of Alzheimer's disease | ScienceDaily
A substance naturally occurring in i.a. pomegranates, strawberries and walnuts can improve memory and treatment of Alzheimer's disease, a new study conducted at the University of Copenhagen concludes.


						
Forgetfulness, difficulty finding words and confusion about time and place. These are some of the most common symptoms of Alzheimer's disease.

Now researchers at the University of Copenhagen have discovered that an ordinary fruit can help.

"Our study on mouse models with AD shows that urolithin A, which is a naturally occurring substance in i.a. pomegranates, can alleviate memory problems and other consequences of dementia," says Vilhelm Bohr, who is Affiliate Professor at the Department of Cellular and Molecular Medicine at the University of Copenhagen and prevoiusly Department Chair at the US National Institute on Aging.

This is good news for patients with dementia -- a disease that is difficult to treat.

"Even though the study was conducted on mouse models, the prospects are positive. So far, research has shown promising results for the substance in the muscles, and clinical trials on humans are being planned."

Substance improves brain function

The researchers previously discovered that a specific molecule, nicotinamide riboside (NAD supplement), plays a key role in neurodegenerative diseases such as Alzheimer's and Parkinson's, as it actively helps remove damaged mitochondria from the brain.




"Many patients with neurodegenerative diseases experience mitochondrial dysfunction, also known as mitophagy. This means that the brain has difficulties removing weak mitochondria, which thus accumulate and affect brain function. If you are able to stimulate the mitophagy process, removing weak mitochondria, you will see some very positive results," Vilhelm Bohr explains.

The results of the new study show that a substance found in pomegranates, urolithin A, removes weak mitochondria from the brain just as effectively as NAD supplement.

Possible preventive effect 

The researchers still don't know how much urolithin A is needed to improve memory and alleviate symptoms of i.a. Alzheimer's.

"We still cannot say anything conclusive about the dosage. But I imagine that it is more than a pomegranate a day. However, the substance is already available in pill form, and we are currently trying to find the right dosage," Vilhelm Bohr says.

He also hopes the substance can be used for preventive purposes with no significant side effects.

"The advantage of working with a natural substance is the reduced risk of side effects. Several studies so far show that there are no serious side effects of NAD supplementation. Our knowledge of urolithin A is more limited, but as I mentioned, clinical trials with Urolithin A have been effective in muscular disease, and now we need to look at Alzheimers disease. ," he says and adds:

"If we are going to eat something in the future to reduce the risk of Alzheimer's, which we talk a lot about, we have to make sure there are no significant side effects."
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New insights into the degradation dynamics of organic material in the seafloor | ScienceDaily
The long-term deposition of organic material in sediments on the ocean floor is a key process in the global carbon cycle. The question of whether, from a chemical perspective, the deposited material is more similar to marine algae or the microorganisms that decompose the algal biomass is largely unresolved.


						
For their study, the team fed organic material labeled with 13C carbon -- either an algae-lipid mix or crude proteins -- and observed it in the laboratory for 400 days. The microbial communities originate from a sediment core obtained off Helgoland. The initial question was: What happens to fresh biomass and which microorganisms are involved in its processing? This was the first time that the formation of new biomass from secondary producers and its turnover was quantified more precisely.

The team has found that microbial communities can be stimulated by the addition of lipids and proteins and not only decompose fresh biomass that is easier to digest, but also decompose more of the old organic carbon that is otherwise difficult to break down. This new finding is relevant because the input of fresh organic matter is increased by human-made, climate-induced environmental changes, such as expanding low oxygen zones in the ocean, melting sea ice or glacier retreat.

"Our study is the first to link the degradation of labile organic matter to the growth of microbes and the consequences for the composition of the organic matter that is eventually buried in marine sediment. We were surprised to find that the addition of fresh organic matter had a disproportionately large and long-lasting effect on the degradation of old, supposed to be refractory organic matter," says Prof Jack Middelburg from Utrecht University (Netherlands), co-author of the study and Professor of Excellence in the Cluster of Excellence "The Ocean Floor -- Earth's Unexplored Interface" at MARUM. As part of this cluster's research, the study has provided crucial insights into the link between organic matter deposition events and the long-term preservation of organic carbon and thus connects the research units Receiver, Reactor and Recorder.

The input of fresh organic matter into the seafloor could increase due to climate-related changes in the environment. These will not only have a direct impact on the microorganisms living on and in the ocean floor, but also on the carbon cycle and thus on the feedback with the climate system in a way that is still largely unexplored.

MARUM produces fundamental scientific knowledge about the role of the ocean and the seafloor in the total Earth system. The dynamics of the oceans and the seabed significantly impact the entire Earth system through the interaction of geological, physical, biological and chemical processes. These influence both the climate and the global carbon cycle, resulting in the creation of unique biological systems. MARUM is committed to fundamental and unbiased research in the interests of society, the marine environment, and in accordance with the sustainability goals of the United Nations. It publishes its quality-assured scientific data to make it publicly available. MARUM informs the public about new discoveries in the marine environment and provides practical knowledge through its dialogue with society. MARUM cooperation with companies and industrial partners is carried out in accordance with its goal of protecting the marine environment.
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Study finds widespread 'cell cannibalism,' related phenomena across tree of life | ScienceDaily
In a new review paper, Carlo Maley and Arizona State University colleagues describe cell-in-cell phenomena in which one cell engulfs and sometimes consumes another. The study shows that cases of this behavior, including cell cannibalism, are widespread across the tree of life.


						
The findings challenge the common perception that cell-in-cell events are largely restricted to cancer cells. Rather, these events appear to be common across diverse organisms, from single-celled amoebas to complex multicellular animals.

The widespread occurrence of such interactions in non-cancer cells suggests that these events are not inherently "selfish" or "cancerous" behaviors. Rather, the researchers propose that cell-in-cell phenomena may play crucial roles in normal development, homeostasis and stress response across a wide range of organisms.

The study argues that targeting cell-in-cell events as an approach to treating cancer should be abandoned, as these phenomena are not unique to malignancy.

By demonstrating that occurrences span a wide array of life forms and are deeply rooted in our genetic makeup, the research invites us to reconsider fundamental concepts of cellular cooperation, competition and the intricate nature of multicellularity. The study opens new avenues for research in evolutionary biology, oncology and regenerative medicine.

The new research, published in the Nature journal Scientific Reports, is the first to systematically investigate cell-in-cell phenomena across the tree of life. The group's findings could help redefine the understanding of cellular behavior and its implications for multicellularity, cancer and the evolutionary journey of life itself.

"We first got into this work because we learned that cells don't just compete for resources -- they actively kill and eat each other," Maley says. "That's a fascinating aspect of the ecology of cancer cells. But further exploration revealed that these phenomena happen in normal cells, and sometimes neither cell dies, resulting in an entirely new type of hybrid cell."

Maley is a researcher with the Biodesign Center for Biocomputing, Security and Society; professor in the School of Life Sciences at ASU; and director of the Arizona Cancer Evolution Center.




The study was conducted in collaboration with first author Stefania E. Kapsetaki, formerly with ASU and now a researcher at Tufts University, and Luis Cisneros, formerly with ASU and currently a researcher at Mayo Clinic.

From selfish to cooperative cell interactions

Cell-in-cell events have long been observed but remain poorly understood, especially outside the context of immune responses or cancer. The earliest genes responsible for cell-in-cell behavior date back over 2 billion years, suggesting the phenomena play an important, though yet-to-be-determined, role in living organisms. Understanding the diverse functions of cell-in-cell events, both in normal physiology and disease, is important for developing more effective cancer therapies.

The review delves into the occurrence, genetic underpinnings and evolutionary history of cell-in-cell phenomena, shedding light on a behavior once thought to be an anomaly. The researchers reviewed more than 500 articles to catalog the various forms of cell-in-cell phenomena observed across the tree of life.

The study describes 16 different taxonomic groups in which cell-in-cell behavior is found to occur. The cell-in-cell events were classified into six distinct categories based on the degree of relatedness between the host and prey cells, as well as the outcome of the interaction (whether one or both cells survived).

A spectrum of cell-in-cell behaviors are highlighted in the study, ranging from completely selfish acts, where one cell kills and consumes another, to more cooperative interactions, where both cells remain alive. For example, the researchers found evidence of "heterospecific killing," where a cell engulfs and kills a cell of a different species, across a wide range of unicellular, facultatively multicellular, and obligate multicellular organisms. In contrast, "conspecific killing," where a cell consumes another cell of the same species, was less common, observed in only three of the seven major taxonomic groups examined.




Obligate multicellular organisms are those that must exist in a multicellular form throughout their life cycle. They cannot survive or function as single cells. Examples include most animals and plants. Facultative multicellular organisms are organisms that can exist either as single cells or in a multicellular form depending on environmental conditions. For example, certain types of algae may live as single cells in some conditions but form multicellular colonies in others.

The team also documented cases of cell-in-cell phenomena where both the host and prey cells remained alive after the interaction, suggesting these events may serve important biological functions beyond just killing competitors.

"Our categorization of cell-in-cell phenomena across the tree of life is important for better understanding the evolution and mechanism of these phenomena," Kapsetaki says. "Why and how exactly do they happen? This is a question that requires further investigation across millions of living organisms, including organisms where cell-in-cell phenomena may not yet have been searched for."

Ancient genes

In addition to cataloging the diverse cell-in-cell behaviors, the researchers also investigated the evolutionary origins of the genes involved in these processes. Surprisingly, they found that many of the key cell-in-cell genes emerged long before the evolution of obligate multicellularity.

"When we look at genes associated with known cell-in-cell mechanisms in species that diverged from the human lineage a very long time ago, it turns out that the human orthologs (genes that evolved from a common ancestral gene) are typically associated with normal functions of multicellularity, like immune surveillance," Cisneros says.

In total, 38 genes associated with cell-in-cell phenomena were identified, and 14 of these originated over 2.2 billion years ago, predating the common ancestor of some facultatively multicellular organisms. This suggests that the molecular machinery for cell cannibalism evolved before the major transitions to complex multicellularity.

The ancient cell-in-cell genes identified in the study are involved in a variety of cellular processes, including cell-cell adhesion, phagocytosis (engulfment), intracellular killing of pathogens and regulation of energy metabolism. This diversity of functions indicates that cell-in-cell events likely served important roles even in single-celled and simple multicellular organisms well before the emergence of complex multicellular life.
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Conservation of nature's strongholds needed to halt biodiversity loss | ScienceDaily
To achieve global biodiversity targets, conservationists and governments must prioritize the establishment and effective management of large, interconnected protected areas with high ecological integrity, John G. Robinson from the Wildlife Conservation Society, US, and colleagues argue in an essay publishing May 21 in the open-access journal PLOS Biology.


						
The Kunming-Montreal Global Biodiversity Framework (GBF), signed at the 2022 Conference of Parties to the UN Convention on Biological Diversity in Montreal, recognized the importance of protecting large areas of natural habitat to maintain the resilience and integrity of ecosystems. To halt biodiversity loss, these protected and conserved areas need to be in the right places, connected to one another, and well managed. One of the GBF targets is to protect at least 30% of the global land and ocean by 2030, known as the 30x30 target.

To achieve GBF targets, the authors propose prioritizing large, interconnected protected areas with high ecological integrity, that are effectively managed and equitably governed. They emphasize the importance of conserving landscapes at scales large enough to encompass functioning ecosystems and the biodiversity they contain. In many cases, this will require interconnected groups of protected areas that are managed together. Effective governance means that the diversity of stakeholders and rights holders are recognized and that the costs and benefits are shared equitably between them. The authors argue that protected and conservation areas that meet all four criteria -- which they name "Nature's Strongholds" -- will be disproportionately important for biodiversity conservation. They identify examples of Nature's Strongholds in the high-biodiversity tropical forest regions of Central Africa and the Amazon.

By applying the four criteria presented in this essay to identify Nature's Strongholds around the world, governments and conservationists can coordinate their efforts to best address threats to biodiversity, the authors say.

The authors add, "'Nature's Strongholds' -- large, interconnected, ecologically intact areas that are well managed and equitably governed -- are identified in Amazonia and Central Africa. The approach offers an effective way to conserve biodiversity at a global scale."
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Body lice may be bigger plague spreaders than previously thought | ScienceDaily
A new laboratory study suggests that human body lice are more efficient at transmitting Yersinia pestis, the bacterium that causes plague, than previously thought, supporting the possibility that they may have contributed to past pandemics. David Bland and colleagues at the United States' National Institute of Allergy and Infectious Diseases present these findings in the open-access journal PLOS Biology on May 21.


						
Y. pestis has been the culprit behind numerous pandemics, including the Black Death of the Middle Ages that killed millions of people in Europe. It naturally cycles between rodents and fleas, and fleas sometimes infect humans through bites; thus, fleas and rats are thought to be the primary drivers of plague pandemics. Body lice -- which feed on human blood -- can also carry Y. pestis, but are widely considered to be too inefficient at spreading it to contribute substantially to outbreaks. However, the few studies that have addressed lice transmission efficiency have disagreed considerably.

To help clarify the potential role of body lice in plague transmission, Bland and colleagues conducted a series of laboratory experiments in which body lice fed on blood samples containing Y. pestis. These experiments involved the use of membrane feeders, which simulate warm human skin, enabling scientists to study transmission potential in a laboratory setting.

They found that the body lice became infected with Y. pestis and were capable of routinely transmitting it after feeding on blood containing levels of the pathogen similar to those found in actual human plague cases.

They also found that Y. pestis can infect a pair of salivary glands found in body lice known as the Pawlowsky glands, and lice with infected Pawlowsky glands transmitted the pathogen more consistently than lice whose infection was limited to their digestive tract. It is thought that Pawlowsky glands secrete lubricant onto the lice's mouthparts, leading the researchers to hypothesize that, in infected lice, such secretions may contaminate mouthparts with Y. pestis, which may then spread to humans when bitten.

These findings suggest that body lice may be more efficient spreaders of Y. pestis than previously thought, and they could have played a role in past plague outbreaks.

The authors add, "We have found that human body lice are better at transmitting Yersinia pestis than once appreciated and achieve this in more than one way. We describe a new bite-based mechanism in which a set of accessory salivary glands unique to lice, termed the Pawlowsky glands, become infected with Y. pestis and secrete lubricant containing plague bacilli onto the insect's mouthparts prior to blood feeding."
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Alaska's rusting waters: Pristine rivers and streams turning orange | ScienceDaily
Dozens of Alaska's most remote streams and rivers are turning from a crystal clear blue into a cloudy orange, and the staining could be the result of minerals exposed by thawing permafrost, new research in the Nature journal Communications: Earth and Environment finds.


						
For the first time, a team of researchers from the National Park Service, U.S. Geological Survey, the University of California, Davis, and other institutions have documented and sampled some of the impaired waters, pinpointing 75 locations across a Texas-sized area of northern Alaska's Brooks Range.

These degraded rivers and streams could have significant implications for drinking water and fisheries in Arctic watersheds as the climate changes, the researchers said.

"The more we flew around, we started noticing more and more orange rivers and streams," said lead author Jon O'Donnell, an ecologist for the NPS' Arctic Inventory and Monitoring Network. "There are certain sites that look almost like a milky orange juice.

Those orange streams can be problematic both in terms of being toxic but might also prevent migration of fish to spawning areas."

Visible from space

O'Donnell first noticed an issue when he visited a river in 2018 that appeared rusty despite having been clear the year prior. He began asking around and compiling locations while grabbing water samples when possible in the remote region, where helicopters are generally the only way to access the rivers and streams.




"The stained rivers are so big we can see them from space," said Brett Poulin, an assistant professor of environmental toxicology at UC Davis who was a principal investigator in the research. "These have to be stained a lot to pick them up from space."

Poulin, whose expertise is in water chemistry, thought the staining looked similar to what happens with acid mine drainage, except no mines are near any of the impaired rivers, including along the famed Salmon River and other federally protected waters.

One hypothesis is that the permafrost, which is essentially frozen ground, stores minerals and as the climate warmed, the metal ores that were once locked up were exposed to water and oxygen, resulting in the release of acid and metals.

"Chemistry tells us minerals are weathering," Poulin said. "Understanding what's in the water is a fingerprint as to what occurred."

The impacted rivers are on federal lands managed by Bureau of Land Management, Fish and Wildlife Service and NPS, including Gates of the Arctic and Kobuk Valley national parks.

Poulin and Ph.D. candidate Taylor Evinger analyzed initial samples, then collected their own on a trip last August, while others took samples in June and July. This year, they will take three trips during the summer to collect additional samples.




Acidic water releasing metals

Some samples from the impaired waters have a pH of 2.3 compared to the average pH of 8 for these rivers. This means the sulfide minerals are weathering, resulting in highly acidic and corrosive conditions that release additional metals. Elevated or high levels of iron, zinc, nickel, copper and cadmium have been measured.

"We see a lot of different types of metals in these waters," Evinger said. "One of the most dominant metals is iron. That's what is causing the color change."

While O'Donnell first noticed a change in 2018, satellite images have turned up stained waters dating back to 2008.

"The issue is slowly propagating from small headwaters into bigger rivers over time," he said. "When emergent issues or threats come about, we need to be able to understand them."

Understanding risk

The researchers are in the second year of a three-year grant aimed at understanding what is happening in the water, modeling what other areas may be at risk and assessing implications for drinking water and fishing stocks.

The problem is growing and affecting habitat, water quality and other ecological systems, turning healthy areas into degraded habitats with fewer fish and invertebrates. If rural communities rely on these rivers for drinking water, they could require treatment eventually, and the fishing stocks that feed local residents could be affected.

"There's a lot of implications," O'Donnell said. "As the climate continues to warm, we would expect permafrost to continue to thaw and so wherever there are these types of minerals, there's potential for streams to be turning orange and becoming degraded in terms of water quality."

More work is needed to better understand the problem and whether rivers and streams can rebound, perhaps after cold weather promotes permafrost recovery.

"I think there will be a lot more detailed work to follow up to address some of the uncertainties that we currently have," O'Donnell said.

Scientists from Alaska Pacific University, Colorado State University, University of Alaska Anchorage and UC Riverside also contributed to the research.

The research was funded by U.S. Geological Survey-NPS Water Quality Partnership program, the U.S. Geological Survey Changing Arctic Ecosystem Initiative and the NPS Arctic Inventory and Monitoring Program.
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Detecting odors on the edge: Researchers decipher how insects smell more with less | ScienceDaily
Whether it's the wafting aroma of our favorite meal or the dangerous fumes seeping from a toxic chemical, the human sense of smell has evolved into a sophisticated system that processes scents through several intricate stages. The brains of mammals have billions of neurons at their disposal to recognize odors they are exposed to, from pleasant to pungent.


						
Insects such as fruit flies, on the other hand, have a mere 100,000 neurons to work with. Yet their survival is dependent upon their ability to decipher the meaning of complex odor mixtures around them to locate food, seek potential mates and avoid predators. Scientists have pondered how insects are able to smell, or extract information from odors, with a much smaller olfactory sensory system compared with mammals.

Scientists at the University of California San Diego believe they have an answer to this puzzling question. Palka Puri, a physics Ph.D. student, together with Postdoctoral Scholar Shiuan-Tze Wu, Associate Professor Chih-Ying Su and Assistant Professor Johnatan Aljadeff (all in the Department of Neurobiology) have uncovered how fruit flies use a simple, efficient system to recognize odors.

"Our work sheds light on the sensory processing algorithms insects use to respond to complex olfactory stimuli," said Puri, the first author of the paper, published in the Proceedings of the National Academy of Sciences. "We showed that the specialized organization of insect sensory neurons holds the key to the puzzle -- implementing an essential processing step that facilitates computations in the central brain."

Previous investigations of the odor processing system in flies focused on the central brain as the main hub for processing odor signals. But the new study shows that the effectiveness of the insect's sensory capabilities relies on a "pre-processing" stage in the periphery of their sensory system, which prepares the odor signals for computations that occur later in the central brain region.

Flies smell through their antennae, which are replete with sensory hairs that detect elements of the environment around them. Each sensory hair usually features two olfactory receptor neurons, or ORNs, that are activated by different odor molecules in the environment. Intriguingly, ORNs in the same sensory hair are strongly coupled by electrical interactions.

"This scenario is akin to two current-carrying wires placed close together," explained Puri. "The signals carried by the wires interfere with each other through electromagnetic interactions."

In the case of the fly olfactory system, however, this interference is beneficial. The researchers showed that as flies encounter an odor signal, the specific pattern of interference between the receptors helps flies quickly compute the "gist" of the odor's meaning: "Is it good or bad for me?" The result of this preliminary evaluation in the periphery is then relayed to a specific region in the fly's central brain, where the information about odors present in the outside world is translated to a behavioral response.




The researchers constructed a mathematical model of how odor signals are processed by electrical coupling between ORNs. They then analyzed the wiring diagram ("connectome") of the fly brain, a large-scale dataset generated by scientists and engineers at Howard Hughes Medical Institute's research campus. This allowed Puri, Aljadeff and their colleagues to trace how odor signals from the sensory periphery are integrated in the central brain.

"Remarkably, our work shows that the optimal odor blend -- the precise ratio to which each sensory hair is most sensitive -- is defined by the genetically predetermined size difference between the coupled olfactory neurons," said Aljadeff, a faculty member in the School of Biological Sciences. "Our work highlights the far-reaching algorithmic role of the sensory periphery for the processing of both innately meaningful and learned odors in the central brain."

Aljadeff describes the system with a visual analogy. Like a specialized camera that can detect specific types of images, the fly has developed a genetically driven method to distinguish between images, or in this case, mixtures of odors.

"We discovered that the fly brain has the wiring to read the images from this very special camera to then initiate behavior," he said.

To arrive at these results, the research was integrated with previous findings from Su's lab that described the conserved organization of ORNs in the fly olfactory system into sensory hairs. The fact that signals carried by the same odor molecules always interfere with each other, in every fly, suggested to the researchers that this organization has meaning.

"This analysis shows how neurons in higher brain centers can take advantage of balanced computation in the periphery," said Su. "What really brings this work to another level is how much this peripheral pre-processing can influence higher brain function and circuit operations."

This work may inspire research into the role of processing in peripheral organs in other senses, such as sight or hearing, and help form a foundation for designing compact detection devices with the ability to interpret complex data.

"These findings yield insight into the fundamental principles of complex sensory computations in biology, and open doors for future research on using these principles to design powerful engineered systems," said Puri.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240521204310.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Recycling carbon dioxide into household chemicals | ScienceDaily
A low-cost, tin-based catalyst can selectively convert carbon dioxide to three widely produced chemicals -- ethanol, acetic acid and formic acid.


						
Lurking within the emissions from many industrial operations is an untapped resource -- carbon dioxide (CO2). A contributor of greenhouse gas and global warming, it could instead be captured and converted to value-added chemicals.

In a collaborative project involving the U.S. Department of Energy's (DOE) Argonne National Laboratory, Northern Illinois University and Valparaiso University, scientists report a family of catalysts that efficiently converts CO2 into ethanol, acetic acid or formic acid. These liquid hydrocarbons are among the most produced chemicals in the U.S. and are found in many commercial products. For example, ethanol is a key ingredient in numerous household products and an additive to nearly all U.S. gasoline.

The catalysts are based on tin metal deposited over a carbon support. ?"If fully developed, our catalysts could convert the CO2 produced at various industrial sources to valuable chemicals," said Di-Jia Liu. ?"These sources include fossil fuel power plants and bio-fermentation and waste treatment facilities." Liu is a senior chemist at Argonne and a senior scientist in the Pritzker School of Molecular Engineering at the University of Chicago.

The method used by the team is called electrocatalytic conversion, meaning that CO2 conversion over a catalyst is driven by electricity. By varying the size of tin used from single atoms to ultrasmall clusters and also to larger nano-crystallites, the team could control the CO2 conversion to acetic acid, ethanol and formic acid, respectively. Selectivity for each of these chemicals was 90% or higher. ?"Our finding of a changing reaction path by the catalyst size is unprecedented," Liu said.

Computational and experimental studies revealed several insights into the reaction mechanisms forming the three hydrocarbons. One important insight was that the reaction path completely changes when the ordinary water used in the conversion is switched to deuterated water (deuterium is an isotope of hydrogen). This phenomenon is known as the kinetic isotope effect. It has never been previously observed in CO2 conversion.

This research benefited from two DOE Office of Science user facilities at Argonne -- the Advanced Photon Source (APS) and Center for Nanoscale Materials (CNM). ?"Using the hard X-ray beams available at the APS, we captured the chemical and electronic structures of the tin-based catalysts with different tin loadings," said Chengjun Sun, an Argonne physicist. In addition, the high spatial resolution possible with a transmission electron microscope at CNM directly imaged the arrangement of tin atoms, from single atoms to small clusters, with the different catalyst loadings.




According to Liu, ?"Our ultimate goal is to use locally generated electricity from wind and solar to produce desired chemicals for local consumption."

This would require integrating the newly discovered catalysts into a low-temperature electrolyzer to carry out the CO2 conversion with electricity supplied by renewable energy. Low-temperature electrolyzers can operate at near ambient temperature and pressure. This allows rapid start and stop to accommodate the intermittent supply of renewable energy. It is an ideal technology to serve this purpose.

"If we can selectively produce only the chemicals in need near the site, we can help to cut down on CO2 transport and storage costs," Liu noted. ?"It would truly be a win-win situation for local adopters of our technology."

Support for the research came from DOE's Office of Energy Efficiency and Renewable Energy under the Advanced Manufacturing Office, Industrial Efficiency & Decarbonization Office. Additional support was provided by Argonne's Laboratory Directed Research and Development fund.
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Legacy of Indigenous stewardship of camas dates back more than 3,500 years | ScienceDaily
An Oregon State University study found evidence that Indigenous groups in the Pacific Northwest were intentionally harvesting edible camas bulbs at optimal stages of the plant's maturation as far back as 3,500 years ago.


						
The findings contribute to the growing body of research around Traditional Ecological Knowledge and practices, demonstrating the care and specificity with which Indigenous groups have been stewarding and cultivating natural resources for millennia.

Camas is an ecological and cultural keystone, meaning it is a species that many other organisms depend on and that features prominently within many cultural practices.

"If you think about salmon as being a charismatic species that people are very familiar with, camas is kind of the plant equivalent," said Molly Carney, an assistant professor of anthropology in OSU's College of Liberal Arts and lead author on the study. "It is one of those species that really holds up greater ecosystems, a fundamental species which everything is related to."

An eye-catching blue flower that grows widely throughout the Pacific Northwest, camas is referred to in Indigenous calendars across the region, with the plant's growth stages used as a sort of seasonal benchmark. It is often included in traditional First Food ceremonies, in which tribal communities mark the coming of spring with the first salmon run or the first edible roots after a long winter, Carney said.

Camas bulbs must be baked for two to three days to render them edible. Once soft, the bulbs taste a bit like sweet potato, Carney said. Traditional baking was done in underground ovens using heated rocks.

The archaeological record Carney examined included the remains of these large pit ovens. After cooking the bulbs, Indigenous peoples had many ways to process camas and were able to store it for many months at a time. (Even Lewis and Clark's diaries mention eating camas they were given by Nez Perce tribal members.)

In the recent study, published in The Holocene, Carney looked at camas bulbs from the Willamette Valley in Oregon dating back 8,000 years to determine when in their life cycle they were harvested. Similar to how tree rings help to estimate how old a tree is, counting the interior leaf scales of a camas bulb lets you estimate its age. Camas grows to harvestable size in three to five years, depending on soil conditions.




Camas baking ovens from 4,400 years ago have been recorded at a Long Tom River archaeological site near Veneta, Ore., but for several thousand years, the bulbs appeared to have been harvested somewhat indiscriminately. Carney found that around 3,500 years ago, the bulbs started being harvested more selectively at the point when the plants were four or five years old and had reached sexual maturity.

This timing in the Late Holocene period lines up with broader climatic shifts in the region, the researchers noted, coming around the same time as low-magnitude fires became more commonplace in the landscape. Carney also studied lake-core evidence from the floor of Beaver Lake, collected by Central Washington University researcher Megan Walsh, that gives credence to the theory that controlled burns were used intentionally to create optimal conditions for camas and other plants starting 3,000 to 4,000 years ago.

Based on her research, Carney says it's clear that Native communities at the time were not selectively harvesting for the biggest possible bulbs, but rather stewarding camas to be sustainable over time.

"They were trying to maintain the age structure of these camas populations within a pretty narrow window," she said. "When I had the opportunity to harvest alongside tribal communities, as they harvest, they replant the smaller bulbs as they go. They're really sowing for future harvest, and that's what I think was happening here."

The shift from haphazard harvesting to selective stewardship among tribal communities appears to have occurred at approximately the same time throughout the Pacific Northwest, Carney said. And for the practice to be successful, it would have required community-wide agreement and cooperation to leave immature camas bulbs in the ground until the optimal harvest point, as well as to conduct the type of cultural burning necessary to maintain healthy growing spaces, the researchers note.

"We have these records showing that people were taking active roles in creating landscapes that fit their needs, and that they've been doing so for 3,500 years at least, based on these two proxies of camas and fire," Carney said. "That provides a powerful claim for restoring these practices."

Co-author on the study was Thomas Connolly from the Museum of Natural and Cultural History at the University of Oregon. The project was approved by the Confederated Tribes of Grand Ronde Historic Preservation Office.
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Drug-like inhibitor shows promise in preventing flu | ScienceDaily
Currently available flu medications only target the virus after it has already established an infection, but what if a drug could prevent infection in the first place? Now, scientists at Scripps Research and the Albert Einstein College of Medicine have designed drug-like molecules to do just that, by thwarting the first stage of influenza infection.


						
The drug-like inhibitors block the virus from entering the body's respiratory cells -- specifically, they target hemagglutinin, a protein on the surface of type A influenza viruses. The findings, published in the Proceedings of the National Academy of Sciences on May 16, 2024, represent an important step forward in developing a drug that can prevent influenza infection.

"We're trying to target the very first stage of influenza infection since it would be better to prevent infection in the first place, but these molecules could also be used to inhibit the spread of the virus after one's infected," says corresponding author Ian Wilson, DPhil, the Hansen Professor of Structural Biology at Scripps Research.

The inhibitors will need to be further optimized and tested before they can be assessed as antivirals in humans, but the researchers say that these molecules ultimately have the potential to help prevent and treat seasonal flu infections. And, unlike vaccines, the inhibitors likely wouldn't need to be updated yearly.

The researchers had previously identified a small molecule, F0045(S), with a limited capacity to bind and inhibit H1N1 type A influenza viruses.

"We began by developing a high-throughput hemagglutinin binding assay that allowed us to rapidly screen large libraries of small molecules and found the lead compound F0045(S) with this process," says corresponding author Dennis Wolan, PhD, senior principal scientist at Genentech and former associate professor at Scripps Research.

In this study, the team aimed to optimize F0045(S)'s chemical structure to design molecules with better drug-like properties and more specific binding ability to the virus. To start, the Wolan lab used "SuFEx click-chemistry," which was first developed by two-time Nobel laureate and co-author K. Barry Sharpless, PhD, to generate a large library of candidate molecules with various tweaks to F0045(S)'s original structure. When they screened this library, the researchers identified two molecules -- 4(R) and 6(R) -- with superior binding affinity compared to F0045(S).




Next, Wilson's lab produced X-ray crystal structures of 4(R) and 6(R) bound to the flu hemagglutinin protein so that they could identify the molecules' binding sites, determine the mechanisms behind their superior binding ability, and identify areas for improvement.

"We showed that these inhibitors bind much more tightly to the viral antigen hemagglutinin than the original lead molecule did," says Wilson. "By using click-chemistry, we basically extended the compounds' ability to interact with influenza by making them target additional pockets on the antigen surface."

When the researchers tested 4(R) and 6(R) in cell culture to verify their antiviral properties and safety, they found 6(R) was non-toxic and had more than 200-times improved cellular antiviral potency compared to F0045(S).

Finally, the researchers used a targeted approach to further optimize 6(R) and develop compound 7, which proved to have even better antiviral ability.

"This is the most potent small-molecule hemagglutinin inhibitor developed to date," says corresponding author Seiya Kitamura, who worked on the project as a postdoctoral fellow at Scripps Research and is now an assistant professor at the Albert Einstein College of Medicine.

In future studies, the team plans to continue to optimize compound 7 and to test the inhibitor in animal models of influenza.

"In terms of potency, it will be hard to improve the molecule any further, but there are many other properties to consider and optimize, for example, pharmacokinetics, metabolism and aqueous solubility," says Kitamura.

Because the inhibitors developed in this study only target H1N1 strains of influenza, researchers are also working to develop equivalent drug-like inhibitors to target other strains of influenza such as H3N2 and H5N1.

 This work was supported by the NIH, the Nathan Shock Institute of Aging Research, and Einstein-Montefiore.
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Cosmic rays illuminate the past | ScienceDaily
Researchers at the University of Bern have for the first time been able to pin down a prehistoric settlement of early farmers in northern Greece dating back more than 7,000 years to the year. For this they combined annual growth ring measurements on wooden building elements with the sudden spike of cosmogenic radiocarbon in 5259 BC. This provides a reliable chronological reference point for many other archaeological sites in Southeast Europe.


						
Dating finds plays a key role in archaeology. It is always essential to find out how old a tomb, settlement or single object is. Determining the age of finds from prehistoric times has only been possible for a few decades. Two methods are used for this: dendrochronology, which enables dating on the basis of sequences of annual rings in trees, and radiocarbon dating, which can calculate the approximate age of the finds by the decay rate of the radioactive carbon isotope 14C contained in the tree rings.

A team led by the Institute of Archaeological Sciences at the University of Bern has now succeeded in precisely dating timber from the archaeological site of Dispilio in northern Greece, where dating to the year had previously not been possible, to different building activities between 5328 and 5140 BC. The researchers made use of high-energy particles from space, which can be reliably dated to 5259 BC. Their research has been published in the journal Nature Communications.

Tree-ring chronologies and the 14C method have their limits

Dendrochronology uses characteristic patterns of broad and narrow annual growth rings in wood, which are influenced by climatic conditions. As a result, a wooden object can be dated by comparing the annual growth ring widths with already existing standard or regional chronologies. "In Central Europe there is a tree-ring chronology that goes back almost 12,500 years into the past -- to the year 10,375 BC. However, this chronology only applies to certain regions. There is no consistent chronology for the Mediterranean region," says the lead author of the study, Andrej Maczkowski from the Institute of Archaeological Sciences at the University of Bern.

Therefore, dendrochronological dating from this region must be classified as 'floating' using radiocarbon dating. As long as a tree is alive, it absorbs the radioactive isotope 14C (radiocarbon) contained in the Earth's atmosphere through photosynthesis. When it dies, it no longer absorbs 14C; the isotope decays with a half-life of 5730 years. A laboratory measurement method can then be used to determine how much 14C is still contained in a particular tree ring and thus calculate the tree's approximate time of death over the known half-life. "However, the accuracy of such classifications is in the best case within the range of decades," says Maczkowski. "Until recently, it was therefore believed that dendrochronological dating to the year was only possible if a continuous regional tree-ring chronology was available, which is the case for prehistoric periods in just three regions worldwide: this is the southwestern United States, the northern Alpine foothills and England/Ireland," explains Albert Hafner, Professor of Prehistoric Archaeology at the University of Bern and senior author of the study.

Paradigm shift thanks to Japanese physicist

In 2012, a solution to the problem emerged: Japanese physicist Fusa Miyake discovered that a massive influx of cosmic rays, presumably due to solar flares, can cause an uptick in the atmosphere's 14C content, which is deposited in the respective years' tree rings. These spikes can be accurately dated on the basis of long tree-ring chronologies, and because they are global events, they are important anchor points, especially in regions without consistent annual growth ring chronologies. "Miyake recognized the first anchor points of this kind and thus brought about a paradigm shift in prehistoric archaeology," says Albert Hafner. Today, a dozen of these Miyake events are known up until 12,350 BC, and the two important events in 5259 and 7176 BC were only discovered in 2022 by researchers at ETH Zurich. No such events of similar magnitude have been recorded in the past few centuries. If an event of this magnitude, as in 5259 BC, happens today it will likely have a disastrous effect on telecommunications and electronics.




Miyake event enables dating in Dispilio

The research team from the EXPLO project led by the University of Bern (see box) has succeeded in establishing an annual growth ring chronology spanning 303 years, which ends in 5140 BC, by analyzing 787 pieces of timber from the archaeological site of Dispilio on Lake Orestida in northern Greece. The identified settlement phases show various house building activities over 188 years between 5328 and 5140 BC. This precise dating is possible because there was a known Miyake event during this period in 5259 BC.

Researchers at ETH Zurich were able to detect a spike in radiocarbon content during this time by radiocarbon dating several individually defined annual growth rings. It was therefore a question of reproducing this peak, which is reflected globally in the annual growth ring chronologies of Siberian larch, American pine, and European oak, on the annual growth ring chronology from Dispilio in Greece and connecting it to the anchor point 5259 BC. "The Balkans is therefore the first region in the world to benefit from this paradigm shift and to be able to successfully determine absolute dating independently of a consistent calendar," says Albert Hafner.

Andrej Maczkowski adds: "We expect that other chronologies for the region from this period can now be linked to the 'Dispilio Chronology' in rapid succession. This paves the way to developing a regional dendrochronology for the southern Balkans. "The Balkans have the oldest lakeside settlements in Europe, whose sites are dated to just after 6000 BC. The region played a key role in the expansion of agriculture in Europe.
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PFAS exposure in men linked to the health of their offspring | ScienceDaily
Wayne State University researchers are reporting new findings that demonstrate a link between exposure to per- and polyfluorinated alkyl substances (PFAS) in males and health issues in their offspring.


						
The study, "Mixtures of per- and polyfluoroalkyl substances (PFAS) alter sperm methylation and long-term reprogramming of offspring liver and fat transcriptome," published recently in Environment International, assessed the effect of PFAS mixtures on the sperm methylome and transcriptional changes in offspring metabolic tissues such as in the liver and fat.

"PFAS research is important, especially in Michigan," said Michael C. Petriello, Ph.D., assistant professor in the Institute of Environmental Health Sciences and the Department of Pharmacology. "It has been recently in the news, since the EPA is finally starting to regulate PFAS chemicals and include them as part of the Clean Water Act. All over the country, communities will have standards they will have to meet. PFAS are associated with many chronic diseases and can impact inflammation and the immune system, for instance. This work is focused on reproductive outcomes, fertility and offspring metabolism. The idea that exposure of the father could affect the health of offspring is entirely new."

"Dr. Petriello's prior work has shown that PFAS exposure has effects on cardio-metabolic health," said J. Richard Pilsner, Ph.D., M.P.H., professor of obstetrics and gynecology, associate director of the C.S. Mott Center for Human Growth and Development and the Robert J. Sokol, M.D. Endowed Chair of Molecular Obstetrics and Gynecology. "What my research has done is examine paternal exposures and how they may affect the next generation through sperm-related markers. The burden has always been on maternal health during pregnancy in regard to the health of offspring. This research shows that environmental health prior to conception also is a key factor that affects offspring health and development."

The team's results demonstrate that exposure to a mixture of legacy and newly emerging PFAS chemicals in adult male mice result in aberrant sperm methylation and altered gene expression of offspring liver and fat in a sex-specific manner. These data indicate that preconception PFAS exposure in males can be transmitted to affect phenotype in the next generation.

"I hope these findings promote an appreciation of male health on their offspring's development," said Pilsner. "In addition to female partners, clinical doctors advising male partners that their pre-conception health impacts their children's health would be a significant change to positively impact future generations."

"This cutting-edge research may have a significant impact on how individuals look at harmful chemicals in their communities, and ultimately how medical professionals advise their patients," said Ezemenari M. Obasi, Ph.D., vice president for research at Wayne State University. "Our researchers are playing a crucial role in investigating new methods to improve the well-being of people locally, nationally and beyond, and are an excellent example of how Wayne State is empowering health in our neighborhoods, as well as fueling innovation with creative solutions to benefit the public."
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Regional differences in bird diversity in agroforestry systems | ScienceDaily
The diversity and ecological functionality of bird communities in tropical agroforestry systems are shaped by the surrounding landscape, in particular the extent and composition of the forest. An international research team led by the University of Gottingen has now investigated the composition and ecological traits of bird communities in 23 cocoa agroforestry systems in Peru. The Universities of Wurzburg and Vienna and the Alliance Biodiversity International in Peru were also involved in the study. The scientists found very different results depending on the region, and therefore emphasise the importance of tailoring agroforestry management strategies according to the region. The results were published in the journal Conservation Science and Practice.


						
The cocoa agroforestry systems studied are located in two contrasting Peruvian regions: one with seasonally dry tropical forests and one with subtropical humid rainforests along the Andes. In both regions, cocoa agroforestry systems exist at different distances from natural forest, and increasing distance reduces the biodiversity in these agroforestry systems. The two regions differ greatly in their climate, as well as the structure and complexity of the forest vegetation. "We found a much higher richness of bird species in the humid subtropical forest than in the dry forest -- 179 species compared to just 64," says first author Dr Carolina Ocampo-Ariza from the University of Gottingen. "In the dry forest landscapes, distance from the natural forest strongly influences the composition of bird communities, but less so the proportion of creatures that eat insects, which is a particularly important factor for biological pest control in cocoa farms." Compared with cocoa farms that were right next to natural forest, if there was a distance of one kilometre, farms in the subtropical forest experienced a decrease of 27 percent in the proportion of insects in the birds' diet; whereas for farms in the dry forest, the decrease was just 3 percent.

"These large regional differences in Peru show that agroforestry management needs to be adapted regionally to support optimal preservation and promotion of bird diversity and its ecosystem services. This is particularly true for biological pest control, which is important for cocoa yields," says Ocampo-Ariza. "The proximity of cocoa cultivation to the nearest natural forest plays a special role for bird diversity and its ecosystem services." Co-author Professor Teja Tscharntke adds: "Forested landscapes are crucial for the biodiversity in agroforestry systems. In addition, it is necessary to maintain and encourage a large number of older shade-providing trees, in addition to complex vegetation, in the farming systems."
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What pottery reveals about prehistoric Central European culinary traditions | ScienceDaily
The first agricultural and pottery-producing societies settled in Central Europe 7,500 years ago with the dispersion of the Early Neolithic Linear Pottery Culture. Over the following millennia, an exceptional cultural diversity unfolded, which resulted in a wide range of pottery styles and decorations. Traditionally, archaeologists have studied pottery types and decorations to differentiate prehistoric cultures, but their contents and uses have been explored to a much lesser extent.


						
In a groundbreaking study recently published in PLOS ONE, scientists from the Universitat Autonoma de Barcelona (UAB) and the State Office for Heritage Management and Archaeology (LDA) of Saxony-Anhalt explored the culinary traditions of central Germany between the Early Neolithic and the Late Bronze Age (dating back 3,500 to 7,500 years), and cultural relations with changes in pottery styles and decorations. Within Central Europe, central Germany is one of the regions with the most pronounced prehistoric cultural diversity, due to the rich agricultural soils of the loess zone and other natural resources such as salt, which attracted people to settle there early on.

The study analysed fat residues trapped in a set of 124 pottery vessels of different shapes and sizes, with samples originating from graves and settlements, and conserved in the State Museum of Prehistory in Halle. The analyses allowed researchers to distinguish residual fats derived from milk, ruminant and non-ruminant animals, as well as of marine or plant origin. The samples analysed in this study make up the biggest archaeological data series for Germany so far.

Results reveal a variety of changes in the use of pottery and food preparation during this period, as well as complex relations these prehistoric populations established with food resources and the main means to cook, store, and eat them. "This has allowed us to see how specific culinary practices and tastes for different ways of cooking with pottery were developed, a diversity that would be very difficult to detect using other archaeological indicators," states Adria Breu, researcher at the UAB Department of Prehistory and first author of the article. "Although livestock populations, dominated mainly by cows and to a lesser extent by goats, sheep and pigs, remained stable over time, the consumption of animal products changed substantially during the period we studied," he added.

From dairy in cups to plates with pig-derived fats

The results show that in the Middle Neolithic period, some 5,500 years ago and coinciding with the Baalberge culture, came the first signs in the region of a generalised consumption of dairy products. This dietary change was linked to the creation of small cups and handled amphorae. The former would have been used to scoop milk products from other larger vessels frequently found in the settlements. This would be the first known case of prehistoric cups having a specialised use. "It is easy to imagine that in this period milk and its derivatives, cream, butter, cheese, and yogurt, were highly valued, and a tradition of drinking or eating them in such characteristic cups would have developed, similar to how we have breakfast cups," explains Adria Breu.

At the end of the Neolithic, 4,500 years ago, substantial changes occurred in the shapes and decorations of these cups, amphorae and vessels which give name to the Corded Ware Culture arriving from the Eurasian Steppe. The analyses detected that these types of pottery, particularly the double-handled amphorae, contained new marked culinary preferences for pig, with dairy products falling into the background. This change surprised researchers, since it was not accompanied by an increase in the population of pigs, and reinforces the idea of this animal's social value.




The analysis of corded ware vessels also challenges previous considerations. "The contents show that milk-derived food sources were not as important as expected among the populations arriving from Eastern Europe, which were considered to be pastoral nomads, nor does it confirm that the vessels were used for drinking beer, as has been previously claimed," explains Roberto Risch, researcher at the UAB and co-author of the study.

The intensive use of dairy products continued particularly amongst the Bell Beaker populations, who did not seem have the same preference for pork. The use of carinated beakers to store and serve dairy products was particularly common in burials near the circular enclosure of Pommelte. The majority of tombs presented one single drinking vessel as a grave good, in what would have been a specific funeral rite of this archaeological site.

A varied diet in standardised and multifunctional vessels

At the beginning of the Bronze Age, 4,000 years ago, the food of the Unetice culture was characterised by a greater variety of animal and plant products. Despite already having horses, this culture maintained a taste for pork, but abandoned the tradition of consuming milk in small cups.

Unetice was one of the first state-structured societies in Europe, along with El Argar in the Iberian Peninsula. Highly hierarchical, with powerful masters of time who encoded astronomical knowledge in the Nebra Sky Disc, they developed specialised crafts, such as earthenware. The consumption of food was produced in standardised and multifunctional vessels. "However, this increased standardisation was not a response to a more specialised use; on the contrary, the same cups, such as the typical carinated beakers, were used to prepare and consume foods related to a wide variety of fats, perhaps in an attempt to appear equal in a society that was becoming increasingly unequal," explains Roberto Risch.

In sum, the study demonstrates how combining fat residue analysis with more conventional contextual and typological studies of ceramics can reveal complex realities of changing culinary attitudes and practices that would otherwise be missed by other dietary indicators. "The complex trends detected in this work merit the development of future studies that include a larger number of samples from each period," researchers conclude.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240521124655.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How plants 'mate' for life and repel other suitors | ScienceDaily
A group of scientists from Nagoya University in Japan has used a specialized microscopic technique to observe the internal reproduction process of the Arabidopsis plant. Their findings, published in EMBO Reports, reveal the mechanism behind a female flower selectively attracting a single male counterpart. These findings provide insights that may help optimize seed production and improve agricultural breeding practices.


						
Angiosperms, commonly referred to as flowering plants, have male and female reproductive organs. In the process of plant reproduction, when a pollen grain that transports male gametes lands on the stigma of another flower, it initiates the formation of a pollen tube. The tube extends through the style and into the ovary, allowing sperm cells to reach the egg and central cells in an ovule for fertilization.

To better understand this process, the researchers created a unique microscopic technique using a two-photon microscope. According to the lead author, Yoko Mizuta, the three-year effort was like a journey. "It involved delicate sample handling techniques and optimization of conditions, such as excitation wavelengths, for achieving deep imaging of flowers," she explained.

Using their technique, the team was able to observe, for the first time, the elongation of multiple pollen tubes within a living pistil and their unique attraction to female tissue. This allowed them to identify a signal emitted by the maternal tissue that attracts pollen tubes by leading them to elongate along the stamen tissue and reach the site of fertilization. This is the signal that enables the precise management of one-to-one pollen tube guidance.

One-to-one pollen tube guidance is a critical process in plant reproduction that involves precise navigation of pollen tubes to individual ovules. This mechanism ensures the successful fertilization of angiosperms by facilitating the specific coupling between ovules and individual pollen tubes.

In addition to the signal that promotes attraction between individuals, Mizuta and her colleagues were also surprised to find a repulsion signal. This signal was emitted upon attracting a pollen tube, discouraging the further attraction of additional pollen tubes. In addition to the 45-minute blocking process that prevents multiple sperm from fertilizing the same ovule, a repulsion signal also directs rejected suitors towards other unpaired ovules.

"I find the repulsion system fascinating," Mizuta said. "The cells that generate the attraction system are mostly synergid cells, whereas the cells that generate the repulsion system include multiple types such as somatic and gametophytic cells at multistep levels. I find it very interesting that all couplings involve this mechanism of attracting and repelling."

Further analysis showed the complexity of the one-to-one pollen tube guidance process, revealing anintricate regulatory mechanism that requires the involvement of various cells in both male and female plants. This precise regulation ensures successful fertilization and efficient seed production, particularly under challenging environmental conditions.

Mizuta emphasized the importance of this mechanism in maximizing seed production. "By precisely orchestrating the behavior of pollen tubes, plants have evolved a mechanism to ensure successful fertilization and efficient seed production on dry land with a limited number of suitors," she remarked.

This research provides valuable information about how plants reproduce and has the potential to benefit agricultural breeding by increasing seed production and improving germination rates.
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Chocolate that harnesses the full potential of the cocoa fruit | ScienceDaily
Researchers at ETH Zurich have teamed up with the food industry to produce a whole- fruit variety of chocolate. This helps increase the value creation of cocoa farming -- and is healthier.


						
For many people, chocolate is a sweet delight: its main components are cocoa mass and cocoa butter, which are extracted from the cocoa fruit. What is less known, however, is that the cocoa fruit contains additional valuable ingredients that have been underutilised until now. Researchers at ETH Zurich have joined forces with the chocolate industry to investigate the potential for making maximum use of the cocoa fruit, which would increase the profitability of cocoa cultivation while making chocolate a healthier indulgence. As part of an Innosuisse project, a research team led by emeritus ETH professor Erich Windhab worked together with start- up Koa, which is dedicated to sustainable cocoa fruit cultivation, and Swiss chocolate manufacturer Felchlin to develop a recipe for cocoa- fruit chocolate.

Finding the perfect recipe

Kim Mishra, main author of the external pageNature Foodcall_madestudy, says that the cocoa fruit is similar to the honeydew melon: "These fruits have similar structures. Both have a hard outer shell that reveals the flesh of the fruit when cut open, as well as the cocoa beans or melon seeds and pulp in the interior." Conventional chocolate only makes use of the beans, but the researchers were able to use the flesh and parts of the fruit shell -- or the endocarp, to use the field- specific term -- for their cocoa- fruit chocolate recipe. They process it into powder and mix it with part of the pulp to form cocoa gel. This gel substance is extremely sweet and can replace the added powdered sugar that is normally part of the chocolate experience.

However, it was not easy for the scientists to find the perfect recipe for cocoa- fruit chocolate. They systematically tested the texture of various compositions in the lab. Too much fruit juice extracted from the pulp made for a clumpy chocolate, but too little resulted in an insufficiently sweet product. The research team therefore endeavoured to find the perfect balance between sweetness and texture. The issue with clumping does not arise when using powdered sugar. The experiments showed that chocolate may contain up to 20 percent of gel, which equivalates to the sweetness of chocolate with 5 to 10 percent powdered sugar. In comparison, conventional dark chocolate can easily contain between 30 and 40 percent powdered sugar.

To test the sensory experience of the new recipes, trained panellists from the Bern University of Applied Sciences taste- tested pieces of chocolate weighing 5 grams each, with some containing various amounts of powdered sugar and others containing the new variety sweetened with cocoa gel. "This allowed us to empirically determine the sweetness of our recipe as expressed in the equivalent amount of powdered sugar," says Mishra.

Healthy, sustainable and good for farmers

By using cocoa gel as a sweetener, cocoa- fruit chocolate boasts a higher fibre content than your average European dark chocolate (15 grams versus 12 grams per 100 grams). It also contains only 23 grams of saturated fat as opposed to the usual 33 grams. This means that ETH researchers were able to increase the fibre content by around 20 percent while reducing the saturated fat percentage by around 30 percent. "Fibre is valuable from a physiological perspective because it naturally regulates intestinal activity and prevents blood sugar levels from rising too rapidly when consuming chocolate. Saturated fat can also pose a health risk when too much is consumed. There's a relationship between increased consumption of saturated fats and increased risk of cardiovascular diseases," explains Mishra.

Small- scale farmers can diversify their product offerings and increase their income if other components of the cocoa fruit can be marketed for chocolate production instead of just the beans. And if most of the fruit can be used to produce cocoa- fruit chocolate, only the shell remains, which is traditionally used as fuel or composting material. "This means that farmers can not only sell the beans, but also dry out the juice from the pulp and the endocarp, grind it into powder and sell that as well," explains Mishra. "This would allow them to generate income from three value- creation streams. And more value creation for the cocoa fruit makes it more sustainable."

This doesn't mean that cocoa- fruit chocolate will be hitting grocery store shelves anytime soon, however. "Although we've shown that our chocolate is attractive and has a comparable sensory experience to normal chocolate, the entire value creation chain will need to be adapted, starting with the cocoa farmers, who will require drying facilities," says Mishra. "Cocoa- fruit chocolate can only be produced and sold on a large scale by chocolate producers once enough powder is produced by food processing companies." The first step has been taken: ETH has filed a patent for its cocoa- fruit chocolate recipe. The development of cocoa- fruit chocolate is a promising example of how technology, nutrition, eco- compatibility and income diversification for small farmers can all work in tandem to improve the entire value- creation chain of the cocoa plant.
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Night-time heat significantly increases the risk of stroke | ScienceDaily
In a recent study, researchers from Helmholtz Munich and the Augsburg University Hospital show that nocturnal heat significantly increases the risk of stroke. The findings can contribute to the development of preventive measures: With them, the population can better protect themselves against the risks of climate change with increasingly frequent hot nights. In addition, knowledge of the consequences of hot nights can improve patient care.


						
Climate change is resulting in more and more extreme weather events. These include extremely hot, so-called tropical nights. The research team led by Dr. Alexandra Schneider investigated the effects of night-time heat on the risk of stroke. "We wanted to understand the extent to which high night-time temperatures pose a health risk," says the head of the working group Environmental Risks at Helmholtz Munich. "This is important because climate change is causing night-time temperatures to rise much faster than daytime temperatures."

Data on 11,000 strokes from 15 years

In their study, the researchers analyzed data from Augsburg University Hospital. Its Department of Neurology has collected data on around 11,000 strokes over 15 years. The analysis shows that extreme heat at night increases the risk of stroke by seven percent. "Elderly people and women are particularly at risk, and it is mainly strokes with mild symptoms that are diagnosed in clinics after hot nights," says the study's lead author, Dr. Cheng He: "Our results make it clear that adjustments in urban planning and the healthcare system are extremely important to reduce the risks posed by rising night-time temperatures." This is all the more true as "we were able to show that the risk of stroke associated with high night-time temperatures increased significantly in the period 2013 to 2020 compared to the period 2006 to 2012," as Prof. Michael Ertl, head of the Stroke Unit and the neurovascular working group at Augsburg University Hospital, emphasizes. From 2006 to 2012, hot nights resulted in two additional strokes per year in the study area; from 2013 to 2020, there were 33 additional cases per year.

Recommendations for adaptation strategies and urban planning

The researchers plan to make their findings applicable in practical settings. To this end, they are working on recommendations for public adaptation strategies and urban planning, such as reducing the intensity of urban heat islands. The aim is to better protect the population from the effects of night-time heat. The study will also serve as a basis for further research to develop targeted preventive measures against stroke-promoting factors. "The earlier these preventive measures are implemented, the better," says Alexandra Schneider. The results of the study are also of great importance for hospitals. They will be able to better adapt to the frequency of strokes in the future: If the weather forecast predicts a hot night, it can be expected that more cases will come to the clinics. This allows clinics to provide more staff to care for patients as a precaution, explains Prof. Markus Naumann, Director of the Neurological University Hospital in Augsburg.

Background: What are tropical nights?

"Tropical nights" are defined using the so-called "Hot Night Excess Index" (HNE). It measures how much temperatures rise above a certain threshold value at night. The threshold value is the temperature that is only exceeded on the five percent warmest nights during the entire study period. In this study, this value is 14.6 degC. If temperatures rise above this value at night, this is categorized as a tropical night. The HNE index adds up how many degrees the temperatures are above this threshold during the night hours to determine the intensity of the heat.
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Improving statistical methods to protect wildlife populations | ScienceDaily
In human populations, it is relatively easy to calculate demographic trends and make projections of the future if data on basic processes such as births and immigration is known. The data, given by individuals, can be also death and emigration, which subtract. In the wild, on the other hand, understanding the processes that determine wildlife demographic patterns is a highly complex challenge for the scientific community. Although a wide range of methods are now available to estimate births and deaths in wildlife, quantifying emigration and immigration has historically been difficult or impossible in many populations of interest, particularly in the case of threatened species.


						
A paper published in the journal Biological Conservation warns that missing data on emigration and immigration movements in wildlife can lead to significant biases in species' demographic projections. As a result, projections about the short-, medium- and long-term future of study populations may be inadequate. This puts their survival at risk due to the implementation of erroneous or ineffective conservation strategies. The authors of the new study are Joan Real, Jaume A. Badia-Boher and Antonio Hernandez-Matias, from the Conservation Biology team of the Faculty of Biology of the University of Barcelona and the Institute for Research on Biodiversity (IRBio).

More reliable population predictions

This new study on population biology is based on data collected from 2008 to 2020 on the population of the Bonelli's eagle (Aquila fasciata), a threatened species that can be found in Catalonia in the coastal and pre-coastal mountain ranges, from the Emporda to Terres de L'Ebre. In the study, the team emphasises the precision of the population viability analysis (PVA) methodology to improve the management and conservation of long-lived species in the natural environment.

"Population viability analyses are a set of methods that allow us to project the demography of a species into the future, mainly to quantify the probability of extinction of a given species or population of interest," says Joan Real, professor at the Department of Evolutionary Biology, Ecology and Environmental Sciences and head of the Conservation Biology team.

"To date -- he continues -- these projections have mostly been carried out only with data on births and deaths, so that migration processes were ignored because of the difficulty of obtaining these data. In other words, we are trying to make demographic projections without considering two key demographic processes."

Threats affecting more and more species

In the study of wildlife, population models that do not incorporate immigration or emigration "have a considerable probability of leading to biased projections of future population trends. However, explicitly considering migratory processes allows us to consider all the key demographic processes that determine the future trend of a population," says expert Jaume A. Badia-Boher, first author of the study. "This allows us to be much more precise when making demographic predictions, and therefore also when planning future conservation strategies," he adds.




The development of new and more sophisticated statistical methods over the last decade has made it possible to estimate emigration and immigration in a much more accessible way than before. Including these processes in population viability analyses is therefore relatively straightforward, the paper details.

"This new perspective may imply a relevant advance in the reliability of population viability analyses, which will allow us to estimate the future trend of populations more accurately and propose conservation actions more efficiently," notes Professor Antonio Hernandez-Matias. "This is of great importance given that in the current context of global change the extinction rates of species are increasing, and more and more species require urgent and effective conservation actions to reverse their decline," the expert says.

Applying methodological developments to conserve biodiversity

Introducing changes in the structure and modelling of population viability analyses can lead to multiple benefits in many areas of biodiversity research and conservation. "Methodological advances are effective when they are applied. For this reason, the application of the new methodology in populations and species of conservation interest should be promoted. It is a priority to make these methodologies known to the scientific community, managers and administration, in order to prioritise conservation actions with the best available methods," say the authors.

"In the future, new methodologies must continue to be developed, as has been done in this study, as they are key to understanding how wild populations function, what measures need to be implemented to conserve them, and how to make these measures as efficient as possible. In the case of endangered species such as the Bonelli's eagle, knowing the rates of emigration and immigration is key to understanding the state of self-sustainability of a population, and thus implementing efficient conservation measures," concludes the team.
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Hope for a cure for visceral leishmaniasis, an often fatal infectious disease | ScienceDaily
A discovery by Simona Stager's team could help come up with a treatment to the most serious form of leishmaniasis.


						
Leishmaniasis is a tropical disease affecting a growing number of people worldwide. Each year, between 700,000 and 1 million new cases are reported. Caused by a protozoan parasite of the genus Leishmania, which is transmitted to humans by the simple bite of a sand fly, leishmaniasis comprises three clinical forms, of which the visceral form is the most serious. If left untreated, visceral leishmaniasis, also known as black fever, is almost always fatal. Most cases occur in Bangladesh, Brazil, Ethiopia, India, Nepal, and Sudan.

Professor Simona Stager of the Institut national de la recherche scientifique (INRS) and her team, in collaboration with other researchers from INRS and McGill University, have observed a surprising immune mechanism linked to chronic visceral leishmaniasis. This discovery could be an important step towards a new therapeutic approach to this disease. The results of their research have been published in the journal Cell Reports.

In many infections, CD4 T cells play a key role in defending the affected organism. Unfortunately, in the case of chronic infections such as leishmaniasis, maintaining the number of functional CD4 cells becomes an important issue, as the immune system is constantly activated to react against the pathogen affecting the infected person.

New immunity soldiers to the rescue

However, the study carried out by Professor Stager in her laboratory at INRS's Armand-Frappier Sante Biotechnologie Research Centre suggests that these cells may have more than one trick up their sleeve to maintain their vitality.

By observing these novel cells, the scientists noticed that they increase in number during the chronic phase of the disease and also that, like progenitor cells, they are capable of self-renewal or differentiation into other effector cells responsible for eliminating the parasite, or regulatory cells that inhibit the host's response.




Professor Simona Stager points out that CD4 T cells normally differentiate into effector cells from "naive" CD4 T cells. But during chronic infections, because of the constant need to generate effector cells, naive CD4 T cells are highly solicited and may become exhausted.

"We believe that in the chronic phase of visceral leishmaniasis, the new population we have identified is responsible for generating effector and regulatory cells. This would allow the host to prevent exhaustion of its existing pool of naive CD4 Tcells for a certain antigen," explains Ph.D. student and first author of the study, Sharada Swaminathan.

The new lymphocyte population discovered by the INRS team could be a decisive immune booster, taking over from over-solicited naive CD4 T cells.

"If we can figure out how to direct this new lymphocyte population to differentiate into a protective effector cell, it could help the host get rid of the Leishmania parasite."

--  Simona Stager, Vice-Director of the Infectiopole and member of Pasteur Network

A cure for other infections?

The study also mentions that cells similar to this new CD4 T lymphocyte population have been observed in mice infected with lymphocytic choriomeningitis virus and in mice carrying the H. polygyrus intestinal worm. So it is quite possible that this population is present in other chronic infections or in other chronic inflammatory environments.

This overlap sets the stage for an even wider scope for the discovery made by Professor Stager's team. "If our hypothesis is correct, these cells could be exploited therapeutically not only for visceral leishmaniasis, but also for other chronic infections," concludes the researcher.
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Matcha mouthwash inhibits bacteria that causes periodontitis | ScienceDaily
Periodontitis is an inflammatory gum disease driven by bacterial infection and left untreated it can lead to complications including tooth loss. The disease also been associated with diabetes mellitus, preterm birth, cardiovascular disease, rheumatoid arthritis and cancer. One of the chief bacterial culprits behind periodontitis is Porphyromonas gingivalis, which colonizes biofilms on tooth surfaces and proliferates in deep periodontal pockets.


						
Matcha, a finely ground green tea powder, may help keep P. gingivalis at bay. This week in Microbiology Spectrum, an open-access ASM journal, researchers in Japan report that matcha inhibited the growth of P. gingivalis in lab experiments. In addition, in a clinical study involving 45 people with periodontitis, people who used matcha mouthwash showed significantly lower levels of P. gingivalis in saliva samples than at the start of the study. "Matcha may have clinical applicability for prevention and treatment of periodontitis," the authors noted in the paper.

Camellia sinensis is a green tea plant that has long been studied for its potential antimicrobial effects against bacteria, fungi and viruses. A previous study on mice found that green tea extract can inhibit the growth of pathogens, including Escherichia coli. Other research has found that the extract can inhibit the growth of P. gingivalis and reduce its adherence to oral epithelial cells. In addition, observational studies have associated green tea consumption with better health.

Matcha, which is used in traditional ceremonies and for flavoring in beverages and sweets, is made from raw leaves of C. sinensis. For the new study, researchers from the Nihon University School of Dentistry at Matsudo, the National Institute of Infectious Disease in Tokyo and other institutions carried out a series of in vitro experiments to test the efficacy of a matcha solution against 16 oral bacterial species, including 3 strains of P. gingivalis. The matcha mouthwash showed little activity against strains of commensal oral bacteria.

Within 2 hours, nearly all the cultured P. gingivalis cells had been killed by the matcha extract, and after 4 hours of exposure, all the cells were dead. Those findings suggested a bactericidal activity against the pathogen.

The researchers then recruited 45 people diagnosed with chronic periodontitis at the Nihon University Hospital School of Dentistry at Matsudo for a follow up clinical study. The patients were randomly assigned to 3 groups: One group received barley tea mouthwash, the second received the mouthwash made from matcha extract, and the third received mouthwash that included sodium azulene sulfonate hydrate, which is used to treat inflammation. Saliva samples were collected before and after the intervention and analyzed using PCR, and participants were instructed to rinse twice daily.

The analysis revealed that patients in the group that used matcha mouthwash showed a significant reduction in the level of P. gingivalis. Patients in the other 2 groups did not show that same significant reduction.

While the new study isn't the first to probe the antimicrobial effects of tea-derived compounds on P. Gingivalis, the researchers note that it does support the potential benefits of matcha as part of a treatment plan for people with periodontal disease.
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Researchers find unique adaptations of fungus associated with bee bread | ScienceDaily
The past attempts of honey bee researchers to inventory the fungal diversity in honey bee colonies revealed that Aspergillus flavus is frequently found in hives. In a new study, researchers have discovered that this fungus is uniquely adapted to survive in bee colonies.


						
The western honey bee, Apis mellifera, stores large quantities of food in the form of bee bread, which is used as a main food source for the hive. The abundant nutritional value of this food source also makes it an appealing target for microorganisms. However, bee bread is acidic with little moisture, and is doused with the antimicrobial chemical propolis.

Despite the inhospitable nature of bee bread, the microbiome in hives consists of several bacterial and fungal species that are important to honey bee food preparation, storage, and digestion.

"Most of the research on bee bread has been focused on bacteria and it was assumed that fungi didn't play a big role because the bacteria made it too inhospitable to them," said Daniel Bush, a graduate student in the Berenbaum (IGOH/GEGC/GNDP) lab. "After talking to mycologists, I suspected that wasn't the case and I set out to demonstrate that fungi were capable of living successfully in bee bread."

In the study, the researchers used three strains of A. flavus: one that is not found in bee hives, a strain that was isolated from hives in central Illinois, and a pathogenic strain from a honey bee colony that had a stonebrood infection.

They first tested whether the strains showed any differences in their responses to pH and temperature. The latter was looked at because hives are characterized by higher year-round temperatures compared to the outside environments, which is a challenge for many microbes. Although the strains were all able to grow across different temperature ranges, they had visible growth differences under different pH conditions. The strain that was isolated from the hives was able to withstand low pH, while the other two could not.

The strains were also tested under different matric potential, which measures how much moisture is available, and response to propolis. "We saw that the strain from the hive was capable of dealing with extreme levels of environmental pressure from colony-specific sources," Bush said. "It was interesting that it could deal with propolis, which is believed to have fungicidal properties."

To better understand how the hive-associated fungal species were able to adapt, the researchers also sequenced the A. flavus strain and found that it had several genetic mutations that allowed it to tolerate the harsh conditions of the bee bread environment.




"We believe that these are signs that there is a level of adaptation for the fungus that helps it cohabitate with the bees," Bush said. "We suspect that there is some mutual benefit to both organisms, but we haven't found sufficient evidence yet."

The researchers are now hoping to study how the fungus performs on different compositions of bee bread during their life cycle. They hope that their work will shed light on how fungicides that are routinely used to protect the bee hives will affect these microbes.

The study "An Aspergillus flavus strain from bee bread of the Western honey bee (Apis mellifera) displays adaptations to distinctive features of the hive environment" was published in Ecology and Evolution and can be found at 10.1002/ece3.10918. The study was supported by the Agriculture and Food Research Initiative.
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Food for thought: Study links key nutrients with slower brain aging | ScienceDaily
Scientists have long been studying the brain with a goal of aiding healthier aging. While much is known about risk factors for accelerated brain aging, less has been uncovered to identify ways to prevent cognitive decline.


						
There is evidence that nutrition matters, and a novel study published in Nature Publishing Group Aging, from the University of Nebraska-Lincoln's Center for Brain, Biology and Behavior and the University of Illinois at Urbana-Champaign further signals how specific nutrients may play a pivotal role in the healthy aging of the brain.

The team of scientists, led by Aron Barbey, director of the Center for Brain, Biology and Behavior, with Jisheng Wu, a doctoral student at Nebraska, and Christopher Zwilling, research scientist at UIUC, performed the multimodal study -- combining state-of-the-art innovations in neuroscience and nutritional science -- and identified a specific nutrient profile in participants who performed better cognitively.

The cross-sectional study enrolled 100 cognitively healthy participants, aged 65-75. These participants completed a questionnaire with demographic information, body measurements and physical activity. Blood plasma was collected following a fasting period to analyze the nutrient biomarkers. Participants also underwent cognitive assessments and MRI scans. The efforts revealed two types of brain aging among the participants -- accelerated and slower-than-expected. Those with slower brain aging had a distinct nutrient profile.

The beneficial nutrient blood biomarkers were a combination of fatty acids (vaccenic, gondoic, alpha linolenic, elcosapentaenoic, eicosadienoic and lignoceric acids); antioxidants and carotenoids including cis-lutein, trans-lutein and zeaxanthin; two forms of vitamin E and choline. This profile is correlated with nutrients found in the Mediterranean diet, which research has previously associated with healthy brain aging.

"We investigated specific nutrient biomarkers, such as fatty acid profiles, known in nutritional science to potentially offer health benefits. This aligns with the extensive body of research in the field demonstrating the positive health effects of the Mediterranean Diet, which emphasizes foods rich in these beneficial nutrients," Barbey, Mildred Francis Thompson Professor of Psychology, said. "The present study identifies particular nutrient biomarker patterns that are promising and have favorable associations with measures of cognitive performance and brain health."

Barbey noted that previous research on nutrition and brain aging has mostly relied on food frequency questionnaires, which are dependent on participants' own recall. This study is one of the first and the largest to combine brain imaging, blood biomarkers and validated cognitive assessments.




"The unique aspect of our study lies in its comprehensive approach, integrating data on nutrition, cognitive function, and brain imaging," Barbey said. "This allows us to build a more robust understanding of the relationship between these factors. We move beyond simply measuring cognitive performance with traditional neuropsychological tests. Instead, we simultaneously examine brain structure, function, and metabolism, demonstrating a direct link between these brain properties and cognitive abilities. Furthermore, we show that these brain properties are directly linked to diet and nutrition, as revealed by the patterns observed in nutrient biomarkers."

The researchers will continue to explore this nutrient profile as it relates healthy brain aging. Barbey said it's possible, in the future, that the findings will aid in developing therapies and interventions to promote brain health.

"An important next step involves conducting randomized controlled trials. In these trials, we will isolate specific nutrients with favorable associations with cognitive function and brain health, and administer them in the form of nutraceuticals," Barbey said. "This will allow us to definitively assess whether increasing the levels of these specific nutrient profiles reliably leads to improvements in cognitive test performance and measures of brain structure, function, and metabolism."

Barbey is also co-editing an upcoming special collection for the Journal of Nutrition, "Nutrition and the Brain -- Exploring Pathways to Optimal Brain Health Through Nutrition," which is currently inviting submissions for consideration, and articles will begin publishing next year.

"There's immense scientific and medical interest in understanding the profound impact of nutrition on brain health," Barbey said. "Recognizing this, the National Institutes of Health recently launched a ten-year strategic plan to significantly accelerate nutrition research. Our work directly aligns with this critical initiative, aiming to contribute valuable insights into how dietary patterns influence brain health and cognitive function."
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Rabies outbreaks in Costa Rica cattle linked to deforestation | ScienceDaily
Deforestation in Costa Rica raises the risk of cattle becoming infected with rabies by vampire bats, finds a new study. Emerging Infectious Diseases published the research by disease ecologists at Emory University.


						
"A healthy tropical forest has phenomenal diversity -- not just among plants and mammals like monkeys and bats, but also among microorganisms," says Thomas Gillespie, Emory professor and chair of the Department of Environmental Sciences and senior author of the study. "When you destroy parts of a forest, the diversity goes down and the dynamics of disease transmission may change in a way that leads to the emergence of new pathogens or the reemergence of existing ones."

The Costa Rica economy relies heavily on ecotourism. Approximately 25% of its territory is protected under its National System of Conservation Areas, the largest percentage of protected areas accounted for by any country in the world, according to the Global Alliance of National Parks.

Agriculture, however, is also an important economic sector and often encroaches into unprotected tropical forest areas. Livestock farms cover about 38% of the country's territory, according to the United Nations Environment Program.

"The government has done an amazing job of protecting much of its tropical forest," Gillespie says. "In some areas, however, the country has high rates of deforestation due to clearing of the land for agricultural uses. It's a big dichotomy."

Rabies is a viral disease most often transmitted by the bite of a rabid mammal. Vaccination campaigns have been largely effective at preventing rabies outbreaks in dogs in Costa Rica. The virus, though, keeps reemerging in cattle, spread by vampire bats.

Found in tropical and subtropical areas of Central and South America, vampire bats feed solely on blood. Unlike other bats, they can walk -- and even run -- on land. They feed at night, stealthily approaching a sleeping mammal. Razor-sharp teeth and surgical precision allow the bats to make an incision in an animal, such as in the hock of a cow, without the animal feeling it. An anticoagulant in vampire bat saliva keeps the blood flowing as the bat laps up a meal.




The researchers wanted to better understand the factors associated with rabies outbreaks in cattle in Costa Rica.

They drew from data of the National Animal Health Service of Costa Rica to map the time and locations of rabies outbreaks in cattle from 1985 to 2020 in both northern and southern regions of the country where tropical forest has been cleared for agriculture. They also mapped land-use data across the same time for the outbreak sites, including a radius of 10 kilometers for each site, the maximum foraging range for vampire bats.

They then used geographic information system software to generate spatial probability estimations based on these known outbreaks.

The results showed a link between the location of forest habitat and an outbreak. Each one-kilometer increase in distance from forest increased the probability of an outbreak by 4%.

The researchers theorize that decreased availability of bat-roosting sites within forested habitat appears to increase the preference of vampire bats to feed on cattle, as opposed to wild mammals.

"We found the highest probability of rabies outbreaks in Puntarenas Province in the south, indicating the need for localized, preventative interventions in that region to avoid rabies reemergence in people," says Julie Clennon, an eco-epidemiologist in Emory's Department of Environmental Sciences and co-author of the study.




A growing number of studies show a similar pattern linking the destruction of tropical forests with disease reemergence, Gillespie says, including a reemergence of hanta viruses in the Amazon associated with soybean production and the reemergence of the Lassa virus in West Africa, linked to oil-palm production.

In a previous study, the researchers and colleagues showed that shifts in the feeding preferences of vampire bats due to human land-use changes in Costa Rica altered the gut microbial communities and immune systems of the bats. Such shifts could potentially make bats more susceptible to pathogens and more likely to spread them.

"When governments make decisions about large-scale land-use changes, they need to consider the potential of disease emergence, or reemergence, along with the potential for increased greenhouse-gas emissions," Gillespie says.

In addition to their association with the destruction of natural habitat, cows and other ruminant animals emit methane, a potent greenhouse gas, as they digest grasses. And the greenhouse gas nitrous oxide is emitted from the manure of ruminants.

"As an individual, you may want to reduce beef in your diet as much as possible," Gillespie says, "both to improve your own health and that of the planet. We are currently using natural resources at a rate that's not sustainable."

First author of the current paper is Christie Jones, who did the work as a student in Emory's 4+1 BS/MPH program, where she received a bachelors in environmental sciences before entering an accelerated program for a master of public health at Rollins School of Public Health. Jones is currently studying medicine at the American University of the Caribbean.

Amanda Vicente, a former Emory postdoctoral fellow in the Gillespie lab who is now at the University of Oklahoma, is a co-author.

The work was funded by Emory University's Halle Institute for Global Research, the Department of Environmental Sciences and the Fox Center for Humanistic Inquiry, and the Fulbright Association.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240521124318.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers discover hidden step in dinosaur feather evolution | ScienceDaily
Palaeontologists at University College Cork (UCC) in Ireland have discovered that some feathered dinosaurs had scaly skin like reptiles today, thus shedding new light on the evolutionary transition from scales to feathers.


						
The researchers studied a new specimen of the feathered dinosaur Psittacosaurus from the early Cretaceous (135-120 million years ago), a time when dinosaurs were evolving into birds. The study shows, for the first time, that Psittacosaurus had reptile-like skin in areas where it didn't have feathers.

The study, published today in Nature Communications, was led by UCC palaeontologists Dr Zixiao Yang and Prof. Maria McNamara of UCC's School of Biological, Earth and Environmental Sciences, who teamed with scientists based in Nanjing University (China).

The team used ultraviolet (UV) light to identify patches of preserved skin, which are invisible in natural light. Further investigation of the fossil skin using X-rays and infrared light revealed spectacular details of preserved cellular structure.

Dr Yang says:

"The fossil truly is a hidden gem. The fossil skin is not visible to the naked eye, and it remained hidden when the specimen was donated to Nanjing University in 2021. Only under UV light is the skin visible, in a striking orange-yellow glow.

"What is really surprising is the chemistry of the fossil skin. It is composed of silica -- the same as glass. This type of preservation has never been found in vertebrate fossils. There are potentially many more fossils with hidden soft tissues awaiting discovery."

The most exciting aspect of the discovery, however, is what it tells us about the evolution of feathers in dinosaurs. Prof. McNamara, senior author on the study, says:




"The evolution of feathers from reptilian scales is one of the most profound yet poorly understood events in vertebrate evolution. While numerous fossils of feathers have been studied, fossil skin is much more rare.

"Our discovery suggests that soft, bird-like skin initially developed only in feathered regions of the body, while the rest of the skin was still scaly, like in modern reptiles. This zoned development would have maintained essential skin functions, such as protection against abrasion, dehydration and parasites. The first dinosaur to experiment with feathers could therefore survive and pass down the genes for feathers to their offspring."

The Psittacosaurus specimen NJUES-10 is currently housed in Nanjing University.
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Studies reveal cell-by-cell changes caused when pig hearts and kidneys are transplanted into humans | ScienceDaily
Surgical teams at NYU Langone Health performed the world's first genetically modified pig kidney transplants into a human body in September and November 2021, and then transplanted two pig hearts in the summer of 2022. These procedures were done in patients declared dead based on neurologic criteria (decedents) and maintained on ventilators with the consent of their families. Demonstrating the field's progress, NYU Langone in April 2024 transplanted a pig kidney into a living patient.


						
Now two new analyses, one published online on May 17 in Nature Medicine and the other May 21 in Med, reveal changes at the single-cell level in the organs and recipient's bodies before, during, and just after the xenotransplantation surgeries in the decedents. Teams of scientists had worked alongside the surgeons, taking blood and tissue samples to analyze changes in tens of thousands of collected cells.

Led by researchers at NYU Grossman School of Medicine and the Broad Institute of MIT and Harvard, the Med paper tracked the genetic and cellular activity in the two pig kidneys transplanted into humans, and compared them against pig kidney samples that had not been translated. To do so, the research team used several techniques, including single-cell RNA sequencing, which determined the order (sequence) of the molecular letters making up the pig and human genes active in various cell types during the procedures.

The study showed that the transplanted pig kidneys, while not rejected outright by the recipients' bodies (no immediate kidney failure), caused a strong reaction in human peripheral blood mononuclear cells (PBMCs). This set of immune cells can attack transplanted (foreign) organs much like they attack foreign invaders (e.g. viruses). While immediate rejection was not seen, in part due to treatment with medications that suppressed it, the new study found evidence of subtler reactions that could cause xenotransplants to fail over time.

Specifically, the pig kidneys were seen to trigger "antibody-mediated rejection" at the molecular level. As the body develops immune proteins called antibodies specific to a transplanted organ, they recruit natural killer cells, macrophages, and T cells that can injure it. The team also saw an uptick in pig kidneys of tissue repair mechanisms, where certain cells multiply as part of the growth involved in healing. Normal cells that transform into cancer cells also grow aggressively, so the mechanism bears watching.

"We have detailed the cellular mechanisms that dictate how human immune cells react to a xenotransplant in the short term," said Jef Boeke, PhD, a co-senior author on both studies, and director of the Institute for System Genetics at NYU Grossman School of Medicine. "These results give us new insights into how we might further engineer pig organs for transplant, or tailor immunosuppression treatments to improve tolerance of a foreign organ."

By tracking the interplay between the kidneys and human system several times each day, the researchers found that pig kidney immune cells drove reactions right after the transplant, but that human immune cells infiltrated the pig organs by 48 hours to dominate signaling. Measuring the degree to which pig immune cells trigger the first wave of immune attack on xenotransplants will shape efforts to prevent irreversible cellular damage to them, say the study authors.




Transplanted Hearts

The other new paper, published in Nature Medicine, featured a "multiomics" analysis of pig hearts and surrounding human cells in decedents. This included analyses every six hours after transplant of gene activity (transcriptomics), as well of proteins (proteomics), lipids, and metabolites (intermediates in biological pathways) present in cells.

Rapid, massive increases in the number of certain cell types were also seen in decedents receiving pig hearts. In one of the decedents (D1) but not the other, activated T cell and natural killer (NK) cell populations within the PBMC group increased from about one percent 30 hours post-transplant to more than 20 percent of the entire PBMC population by 66 hours after the procedure. This dramatic immune reaction to the organ, a complication called perioperative cardiac xenograft dysfunction (PCXD), came with a damaging inrush of immune cells (inflammation), and misplaced healing attempts (tissue remodeling) that thicken tissue and can hinder function.

The worse outcomes experienced by the one decedent may be partly because this heart was smaller than anticipated for the recipient's size, and required an extra procedure to compensate for it, the researchers said. These factors may have cut off blood flow and the oxygen supply to the heart for longer, which is known to cause ischemia reperfusion injury when the supply is restored. The research team observed that PCXD-related immune reactions to the pig organ got worse in the presence of this recipient's reperfusion injury.

"This study demonstrated that multiomics can be used to reveal a broad picture of what is happening in the recipient of a xenograft," said Brendan Keating, PhD, a co-senior author on both studies and faculty in Department of Surgery at NYU Grossman School of Medicine. "The team that did the xenotransplant had several theories about why the first decedent was having more issues, but multiomics helped to define the complications, and may be used to counter them moving forward."
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Clarifying the cellular mechanisms underlying periodontitis with an improved animal model | ScienceDaily
Periodontal disease, represented by periodontitis, is the leading cause of tooth loss and affects close to one in five adults worldwide. In most cases, this condition occurs as a result of an inflammatory response to bacterial infection of the tissue around teeth. As the condition worsens, the gums begin to pull away, exposing teeth roots and bone. Notably, the incidence of periodontitis becomes more prevalent with age and with populations worldwide living longer, developing a solid understanding of its underlying causes and progression is important.


						
In a study recently published in Nature Communications on March 28, 2024, researchers from Tokyo Medical and Dental University (TMDU) found a way to achieve this by improving upon a widely used animal model to study periodontitis.

Studying periodontitis directly in humans is challenging. As a result, scientists often resort to animal models for preclinical research. For instance, the "mouse ligature-induced periodontitis model," since its inception in 2012, has enabled researchers to study the cellular mechanisms underlying this condition. Simply put, with this model, periodontal disease is artificially induced by ligating silk threads onto the molars of mice models, which induces plaque accumulation. While convenient and effective, this model, however, fails to capture the complete picture of periodontitis. "Even though the periodontal tissue is composed of gingiva, periodontal ligament, alveolar bone, and cementum, analyses are usually performed exclusively on gingival samples due to technical and quantitative limitations," remarks lead author Mr. Anhao Liu. "This sampling strategy limits the conclusions that may be drawn from these studies, so methods that allow for the simultaneous analysis of all tissue components are needed."

To address this limitation, the research team developed a modified ligature-induced periodontitis model. Instead of the classic single ligature, they used a triple ligature approach on the upper left molar of male mice. This strategy expanded the range of bone loss without causing severe bone destruction around the second molar, increasing the yield of the different types of periodontal tissue. "We isolated the three main tissue types and evaluated the RNA yield between the two models. The results showed that the triple-ligature model effectively increased the yield, achieving four times the yield of normal peri-root tissue and supporting the high-resolution analysis of different tissue types," explains senior author Dr. Mikihito Hayashi.

After confirming the efficacy of their modified model, the researchers proceeded to investigate the effects of periodontitis on gene expression among the different tissue types over time, focusing on genes related to inflammation and osteoclast differentiation. One of their main findings was that the expression of the Il1rl1 gene was markedly higher in peri-root tissue five days after ligation. This gene encodes the protein ST2 in both receptor and decoy isoform, which binds to a cytokine called IL-33 that is involved in inflammatory and immunoregulation processes.

To gain further insights into the role of this gene, the team induced periodontitis in genetically modified mice that lacked the Il1rl1 or Il33 genes. These mice exhibited accelerated inflammatory bone destruction, highlighting the protective role of the IL-33/ST2 pathway. Further analysis of cells containing the ST2 protein in its receptor form, mST2, revealed that most of them were of macrophage lineage. "Macrophages are typically classified into two main types, pro-inflammatory and anti-inflammatory, based on their activation process. We found that mST2-expressing cells were unique in that they expressed some markers of both types of macrophages simultaneously," comments senior author Dr. Takanori Iwata. "These cells were present in the peri-root tissue before inflammation was triggered, so we named them 'periodontal tissue-resident macrophages.'"

Together, the findings of this study showcase the power of this modified animal model to study the full scope of periodontitis in greater detail, right down to the biomolecular level. "We suggest the possibility that a novel IL-33/ST2 molecular pathway regulating inflammation and bone destruction in periodontal disease, alongside specific macrophages in peri-root tissue, is deeply involved in periodontal disease. This will hopefully lead to the development of new treatment strategies and prevention methods," concludes senior author Dr. Tomoki Nakashima.
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Green infrastructure plans need to consider historical racial inequalities | ScienceDaily
Urban planners increasingly are interested in green infrastructure projects for the health and climate benefits they bring to cities. But without attention to historical development patterns and existing power structures, such projects may not benefit all residents equally and may exacerbate social and racial inequalities, says a group of researchers and practitioners of nature-based solutions for urban areas.


						
The researchers outlined their recommendations for a justice-oriented approach to urban greening projects in a paper published in the journal Urban Forestry and Urban Greening.

"For the environmental and ecological questions, we have a pretty good handle on what we need to do. The questions that are the hardest and the most important for people to tackle are how to work well with communities, particularly marginalized communities," said Rebecca Walker, a co-lead author of the paper and a professor of urban and regional planning at the University of Illinois Urbana-Champaign.

The other lead authors of the paper are Kate Derickson, a professor of geography, environment and society at the University of Minnesota and the co-director of the CREATE Initiative to address equitable access to environmental amenities; and Maike Hamann, a lecturer in development and sustainability at the Centre for Geography and Environmental Science at the University of Exeter in the United Kingdom.

Green infrastructure can benefit the ecosystem in multiple ways, such as flood and heat mitigation, carbon storage and sequestration, and opportunities for recreation and improvement in mental and physical health, said the researchers. But urban landscapes are unequal in the distribution of environmental benefits and harms.

For example, water quality standards for rivers in St. Louis, Missouri, reflect the city's racial geographies, with waterways in white neighborhoods historically managed for recreation and those in Black neighborhoods historically managed for industrial uses. Today the water quality standards for bodies of water in white neighborhoods remain higher than for those in Black neighborhoods, according to the paper.

"Plans must contend with the histories of discriminatory policies and practices that produced underlying inequalities, and be attentive to the ways that contemporary efforts might reproduce or undermine the structures driving inequities in urban greenspace. This is true for new greenspace developments, as well as changes to existing urban nature," the researchers wrote.




A variety of disciplines need to contribute to urban green infrastructure, including those that ask questions about the social implications of ecological and economic projects, they said.

"If they are already disproportionately located near more advantaged communities, as we invest and expand in those areas, the inequities get doubled down," Walker said.

Among the factors that planners should consider is the scale of a project and how a particular community might be affected by a project, the researchers said. For example, a wetlands mitigation program in Mississippi allowed developers to fill in wetlands in one location while buying wetland mitigation credits elsewhere. Residents of the small, Black community of Turkey Creek, Mississippi, argued that the practice harmed their neighborhood, which was hit hard by Hurricane Katrina, by removing wetlands that could absorb stormwater.

"This suggests that ... attempting to address large-scale issues (such as global climate change) cannot be done equitably without careful attention to local-scale issues (such as neighborhood flooding)," the researchers wrote.

Their research emphasizes the importance of building relationships with communities and accepting uncertainty about the outcomes of their work. While Derickson and Walker were working with a community on water quality and flooding issues, the community members repeatedly raised concerns about gentrification related to green infrastructure solutions. The researchers shifted their focus and developed an antigentrification toolkit offering ways to invest in urban greening without driving displacement of residents. Being open to ambiguity in defining a problem led to a new opportunity for their work to lead to justice-oriented policies, they said.

Finally, the researchers advocate for an approach that promotes modest projects that address the needs and priorities of a community's residents and allows them to help shape the projects over large developer-oriented infrastructure investments.

"While the uptake of urban green infrastructure represents a promising development in urban sustainability and development practices, it cannot be assumed that these projects will benefit all residents or promote urban equity. Indeed, the history of urban development and infrastructure projects shows that there is a tendency for such projects to consolidate benefits for powerful groups, often at the expense of the vulnerable or marginalized," the researchers wrote.
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Highly sensitive fiber optic gyroscope senses rotational ground motion around active volcano | ScienceDaily
Researchers have built a prototype fiber optic gyroscope for high resolution, real-time monitoring of ground rotations caused by earthquakes in the active volcanic area of Campi Flegrei in Naples, Italy. A better understanding of the seismic activity in this highly populated area could improve risk assessment and might lead to improved early warning systems.


						
"When seismic activity occurs, the Earth's surface experiences both linear and rotational movements," said research team leader Saverio Avino from the Consiglio Nazionale delle Ricerche Istituto Nazionale di Ottica (CNR-INO) in Italy. "Although rotations are generally very small and not usually monitored, the ability to capture them would provide a more complete understanding of the Earth's internal dynamics and seismic sources."

In Optica Publishing Group journal Applied Optics, the researchers report preliminary observational data from the rotational sensor, which is based on a 2-km long fiber-optic gyroscope. The sensor performed well while continuously recording data over five months and was able to detect noise and ground rotations from small to medium local earthquakes.

The metropolitan city of Naples has a population of around 3 million people and three active volcanoes. The entire area is covered by a grid of multiparametric sensors that provide real-time monitoring of various physical and chemical parameters used to study seismic and volcanic activity.

"The measurement of ground rotations will add another tile to this complex mosaic of sensors,"

said research team member Danilo Galuzzo from the National Institute of Geophysics and Volcanology (INGV). "This additional information will also aid in the comprehensive understanding of volcanic earthquake signals, which are crucial for detecting any changes in the dynamics of volcanoes."

Measuring rotational movement

Gyroscopes are devices used to detect and measure changes in orientation or angular velocity -- the rate at which an object rotates. For example, in smartphones simple gyroscopes detect and measure the device's orientation and rotation. To measure rotation in seismic waves from an earthquake or volcanic activity, the researchers developed a more complex gyroscope based on the Sagnac effect.




The Sagnac effect occurs when light traveling in opposite directions around a closed loop exhibits different travel times. This leads to measurable interference patterns in the light that depend on the rotation rate of the loop. By measuring the light interference, the angular velocity can be detected with high resolution.

"Our labs are located in the heart of an active volcanic area, thus creating a natural source of earthquakes," said Avino. "Because we experience small/medium earthquakes almost every day, we can measure and acquire a large number of data on ground rotations, which can be successively analyzed in to study seismic and volcanic phenomena of the Campi Flegrei region."

Capturing seismic activity

The researchers assembled a prototype fiber-optic rotational sensor using standard laboratory instrumentation and components. To test it, they injected light into a 2-kilometer-long optical fiber cable, similar to the ones used for optical telecommunication. The fiber cable formed a loop where the input and output are connected, creating a continuous light path with no breaks, and was precisely wound around an aluminum spool with a diameter of 25 cm to form a coil.

During the experiments, the optical sensor is kept in a controlled laboratory environment in a building that sits on top of a volcano caldera -- a large depression formed when a volcano erupts and collapses. "This first version of the system showed a resolution comparable to other state-of-the art fiber-optic gyroscopes," said the paper's first author Marialuisa Capezzuto, who is from CNR-INO and worked on the experimental apparatus. "It also had a very good duty cycle -- the time percentage the instrument is measuring/acquiring data -- which allowed us to run the system continuously for around five months."

"The prototype gyroscope can only measure one of the three directional components of the rotation movement. However, combining three of the same gyroscopes, each oriented to capture a different axis of rotation, could be used to capture all three components," said Luigi Santamaria Amato from the Italian Space Agency (ASI). Once the researchers have improved the resolution and stability of the single-axis system, they plan to set up a three-axis gyroscope. Eventually, they want to create a permanent ground rotation observatory in the Campi Flegrei area.
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Warming climate intensifies flash droughts worldwide | ScienceDaily
Sudden, severe dry spells known as flash droughts are rising in intensity around the world, with a notable exception in mountainous Central Asia, where flash drought extent is shrinking, according to new research. Heat and changes to precipitation patterns caused by a warming climate are driving these trends, the study found.


						
Flash droughts arrive suddenly, within weeks, hitting communities that are often not prepared and causing lasting impact. They are an emerging concern for water and food security. The new study is the first to apply a systematic, quantitative approach to the global incidence of flash drought, mapping hotspots and regions of rapid increases in recent decades.

"For many parts of the world, we saw flash droughts extending over larger areas, for longer time, with faster onset speed," said Maheshwari Neelam, a climate scientist at NASA's Marshall Space Flight Center and the Universities Space Research Association. She is the lead author of the study, published in Geophysical Research Letters, AGU's journal for high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

The study defined and tracked three critical measures of drought severity: speed of onset, duration and geographic extent. It analyzed 40 years of NASA's MERRA-2 climate data, from 1980 to 2019, drawn from weather observations, satellite imagery and modeled root-zone soil moisture, with the aim of improving prediction and disaster preparedness.

"For example, in watersheds in South America, onset is getting faster by about 0.12 days per year, so over a decade they are developing a day earlier. Extent is increasing by 1 to 3% per year," Neelam said. "The metrics can be used by early warning systems to incorporate rates of change in flash drought characteristics in risk assessment and disaster preparedness."

South America, particularly southern Brazil and the Amazon, is experiencing strong intensification in all three dimensions of flash drought, aligning with deforestation patterns in the region, high temperatures and less rain. Congo, Angola, Zambia, Zimbabwe, South Africa, Lesotho, and Madagascar are also hotspots. High temperatures were found to be more important than declining precipitation in the African watersheds.

Land cover is also important to flash drought vulnerability. Savanna and grasslands are more susceptible to flash droughts than other ecotypes, particularly in humid and semi-humid climates, the study found.

In Central Asian watersheds, centered on high mountains, including the Himalaya Karakoram, Tianshan and Hindu Kush, flash drought extent shrank over the study period, bucking the worldwide trend. Climate-driven changes in precipitation, melting snowpack and a shift from snow to rain in the mountains have kept soils moist. These changes can cause an increase in flash floods, which have been observed in the region, Neelam said.

Neelam emphasized the importance of understanding landscapes' response to disasters on a watershed scale for assessing water budgets and water management, transcending geopolitical boundaries.

"Natural hazards have no political values," Neelam said. "This is why we looked at watersheds and not countries."
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A rise in sea urchins and related damage to kelp forests impacts Oregon's gray whales and their food | ScienceDaily
A recent boom in the purple sea urchin population off the southern Oregon Coast appears to have had an indirect and negative impact on the gray whales that usually forage in the region, a new study shows.


						
When urchin numbers rise, the spiky marine invertebrates can devour kelp forests that are a critical habitat for zooplankton, the tiny aquatic organisms that are the primary prey of many marine animals. Damaged kelp forests lead to reductions in zooplankton, and with fewer zooplankton to feed on, gray whales spend less time foraging there, researchers with Oregon State University's Marine Mammal Institute found.

"This study shows the cascading impacts of a change in the coastal ocean ecosystem in a way that has not been documented before," said the study's lead author, Lisa Hildebrand, a doctoral candidate in the Marine Mammal Institute's Geospatial Ecology of Marine Megafauna Laboratory. "These impacts extend indirectly to a top predator, the gray whale, and it affects them in a negative way."

The study was recently published in Nature Scientific Reports. Co-authors are Associate Professor Leigh Torres, who leads the GEMM Lab at Hatfield Marine Science Center in Newport, and researchers Solene Derville and Ines Hildebrand of Torres' lab.

Sea urchin populations began to explode off the coast of Oregon following the Sea Star Wasting Syndrome pandemic that began in 2013. The pandemic led to an estimated 90% decline in sunflower sea stars, which are now listed as critically endangered.

Historically off the coast of Oregon, sunflower sea stars have been one of two natural predators of sea urchin. The other is the sea otter, which was wiped out of Oregon waters by fur trappers more than 100 years ago.

"In ecology, we think about the important role of redundancy in an ecosystem," Torres said. "This is a good example of an ecosystem that lacks redundancy due to the loss of sea otters. The system could not sustain itself without both the otters and the sea stars."

Sea urchins are naturally occurring in kelp forests, but the decline in sunflower sea stars meant there was no predator to keep the population in check. The researchers began to see the effects of that change in the ecosystem during their annual gray whale monitoring research in Port Orford.




Torres and her team have been monitoring gray whales and their environment in that region since 2015 as part of a 10-year study of the foraging ecology of gray whales in the Pacific Coast Feeding Group. This small subset of whales frequents near-shore waters along the Oregon and Pacific Northwest coast rather than traveling to the Arctic to forage each summer.

The research team, which includes local high school students and college undergraduates, spends six weeks each summer at OSU's Port Orford Field Station. The location is ideal because there's a large, protected cove that allows researchers to monitor whales easily from shore and also gives them access to the water, where they can collect zooplankton samples by kayak and use GoPro cameras to monitor underwater conditions.

"The overall goal of the research is to better understand what gray whales are feeding on near shore," Lisa Hildebrand said. "We first started to see these dramatic images of sea urchins feeding on the kelp in 2018 and even more in 2019."

The sea urchin-kelp dynamic has been well-studied, but this is the first study that looks beyond that relationship to the impacts on zooplankton that inhabit the kelp forest and their predators -- the gray whales.

The researchers found that as the kelp was damaged or destroyed, fewer zooplankton, and in particular the tiny mysid shrimp that make up a big portion of the gray whale's diet, remained in the near-shore waters. With fewer zooplankton in the area, the gray whales spent less time foraging there.

"In 2020 and 2021, we saw fewer whales and the whales we saw spent less time in that area," Torres noted. "We also noted declines in gray whales' body condition during these years while conducting other field studies off the coast of Newport."

The researchers can't say how exactly the decline in kelp leads to a decline in zooplankton, but they suspect the zooplankton may be using the kelp as a type of shelter, and it may be that zooplankton are retained within kelp beds because tides and currents are weaker inside these areas than outside, Hildebrand said.




The study highlights the ripple effects of ocean warming due to climate change, the researchers noted.

"Marine heatwaves and warmer ocean waters likely worsened the Sea Star Wasting Syndrome pandemic and young kelp tends to grow better in colder water. As a result, there was less drift kelp available for urchins to feed on in the nearshore system," Lisa Hildebrand said.

In 2023, the researchers noted that the region showed signs of recovery, with fewer urchins and more kelp, zooplankton and whales. These recent observations may be signs of the ecosystem returning to conditions favorable for kelp growth.

"We think and we hope this system is recovering and we'll continue to monitor it through our research," Torres said. "Oregonians love having gray whales feeding along our coast and they need a healthy habitat to ensure that continues."

The Marine Mammal Institute is part of Oregon State's College of Agricultural Sciences and is based at Hatfield Marine Science Center. The study was funded in part by Oregon Sea Grant.
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New research reveals that prehistoric seafloor pockmarks off the California coast are maintained by powerful sediment flows | ScienceDaily
New MBARI research on a field of pockmarks -- large, circular depressions on the seafloor -- offshore of Central California has revealed that powerful sediment flows, not methane gas eruptions, maintain these prehistoric formations. A team of researchers from MBARI, the United States Geological Survey (USGS), and Stanford University published their findings today in the Journal of Geophysical Research: Earth Surface. This work provides important information to guide decision-making about responsible use and management of the seafloor off California, including site assessments for the development of offshore wind farms.


						
The Sur Pockmark Field -- an area about the size of the city of Los Angeles that is located off the coast of Big Sur, California -- contains more than 5,200 circular depressions. These formations are approximately 200 meters (656 feet) across, roughly the distance of two football fields, and five meters (16 feet) deep. Past research in other parts of the world has suggested that similar large seafloor depressions were formed and maintained by methane gas bubbling up through the sediments. With wind farms slated for construction offshore of Central California, resource managers were concerned about how the presence of methane gas might impact the stability of the seafloor in this region.

The data collected by MBARI researchers and their collaborators found no evidence of methane at this site. Instead, the research team has proposed that sediment gravity flows -- similar to an avalanche of mud, sand, and water moving along the seafloor -- that have occurred in this region intermittently for hundreds of thousands of years maintain these seafloor formations.

"There are many unanswered questions about the seafloor and its processes," said MBARI Senior Research Technician Eve Lundsten, who led this work. "This research provides important data about the seafloor for resource managers and others considering potential offshore sites for underwater infrastructure to guide their decision-making."

The research team deployed MBARI's advanced underwater robots to study the Sur Pockmark Field. First, autonomous underwater vehicles (AUVs) -- torpedo-shaped, self-guided robots -- mapped the region. Previous maps of the seafloor were collected by sonar mounted on ships, but the distance between the ocean surface and the seafloor resulted in low-resolution data. AUVs can travel closer to the seafloor to visualize the terrain below in much greater detail. MBARI's seafloor mapping AUVs also carried technology to profile the sub-bottom layers of sediment below the seafloor. These maps then guided sampling with MBARI's remotely operated vehicle (ROV) Doc Ricketts. Operated by the research team in the control room aboard an MBARI research vessel, the ROV Doc Ricketts collected sediment samples to reconstruct the history of individual pockmarks.

These pockmarks are located on the continental margin, a dynamic section of the seafloor that connects the relatively shallow continental shelf to the deep sea. Sediment gravity flows can move massive amounts of material through this region intermittently. The data and samples collected by MBARI technology helped the research team piece together the history of sediment movements over this part of the seafloor.

The team found multiple layers of sandy deposits, called turbidites, in the sediment samples taken from the pockmarks and the sub-bottom images of the pockmark field. These deposits indicated that large sediment gravity flows in the region have occurred intermittently for at least the last 280,000 years. These sediment gravity flows appear to cause erosion in the center of each pockmark, maintaining these unique underwater morphologic features over time.




"We collected a massive amount of data, allowing us to make a surprising link between pockmarks and sediment gravity flows. We were unable to determine exactly how these pockmarks were initially formed, but with MBARI's advanced underwater technology, we've gained new insight into how and why these features have persisted on the seafloor for hundreds of thousands of years," said Lundsten.

Seafloor pockmarks have been found elsewhere around the world. In those locations, pockmarks have been associated with the release of methane gas or other fluids from the seafloor. Bubbling methane could potentially cause the seafloor to be unstable, which could pose risks for structures on the seafloor, like the anchors for offshore wind turbines. In October 2018, the U.S. Bureau of Ocean Energy Management (BOEM) announced areas offshore of Central California for potential wind energy leasing. MBARI quickly moved to conduct this research to answer critical questions about the stability of the seafloor to guide development of offshore wind energy in California.

"Expanding renewable energy is critical to achieving the dramatic cuts in carbon dioxide emissions needed to prevent further irreversible climate change. However, there are still many unanswered questions about the possible environmental impacts of offshore wind energy development," said MBARI President and CEO Chris Scholin. "This research is one of many ways that MBARI researchers are answering fundamental questions about our ocean to help inform decisions about how we use marine resources."

Because of the extensive efforts of MBARI, USGS, BOEM, and NOAA as part of the interagency Expanding Pacific Research and Exploration of Submerged Systems (EXPRESS) cooperative research campaign, the Sur Pockmark Field is now one of the best-studied areas of seafloor on the west coast of North America. However, there are still many questions to answer about these pockmarks, including how these features were initially formed hundreds of thousands of years ago.

Funding for this work was provided by the David and Lucile Packard Foundation, BOEM, and USGS.

Background

The seafloor plays an important ecological and societal role. It provides vital habitat for marine life and supports our modern infrastructure. However, we still have a lot to learn about seafloor processes. MBARI has an active research program that uses advanced robots to study and map the seafloor offshore of Central California. MBARI's Continental Margin Processes Team, led by Senior Scientist Charlie Paull, investigates how the morphology of the continental margin -- where the continental shelf transitions to the abyssal plain -- is sculpted and changed over time.




The Sur Pockmark Field is located offshore of Big Sur, California, along the continental margin at a depth of 500 to 1,500 meters (approximately 1,600 to 5,200 feet). Some of these pockmarks were initially discovered by MBARI scientists in 1998 during a seafloor survey using ship-mounted multibeam sonar. Additional ship surveys conducted by MBARI collaborators at the USGS and NOAA in 2018 showed that the pockmarks extend southward into the region off Morro Bay. These surveys have revealed more than 5,200 pockmarks spread out over 1,300 square kilometers (500 square miles), making this area the largest known pockmark field in North America.

The seafloor offshore of this remote stretch of the Central California coastline has historically been one of the least-studied regions of the continental margin off the west coast of North America. For the past six years, MBARI's Continental Margin Processes Team has been working to understand the origins of the pockmark formations, establish whether they are geologically active, and determine if they are areas of special biological significance.

Past research by MBARI, BOEM, and USGS examined the biological communities within the Sur Pockmark Field. This new research aimed to understand the geological processes that form and maintain pockmarks within the field.

The research team used mapping AUVs developed by engineers in MBARI's Seafloor Mapping Lab to visualize a portion of the Sur Pockmark Field in greater detail.

Bathymetric surveys by these underwater robots mapped 317 of the 5,251 pockmarks at one-meter resolution. At this fine resolution, it became apparent the pockmarks have very smooth, gradually-sloped sides. The pockmarks are on average 156 meters (512 feet) across, nearly circular in shape, and fairly evenly spaced apart. Additionally, the AUVs were outfitted with a chirp sub-bottom profiler that uses sound to reveal layers of sediment below the seafloor surface. Chirp profiles captured portions of the subsurface below approximately 200 pockmarks at the site.

These surveys captured an assortment of detailed seafloor data that would not be visible from ship-based mapping with multibeam sonar. That data allowed targeted sampling of pockmarks within the field.

The Continental Margin Processes Team conducted 30 dives with two of MBARI's ROVs to get a closer look at 21 pockmarks within the field. The team recorded 185 hours of seafloor video footage inside and adjacent to pockmarks. MBARI's ROV Doc Ricketts also collected 107 vibracores -- a 1.5-meter (five-foot) core of sediment dislodged into a metal tube by high-frequency vibrations -- and 433 pushcores -- a shallower 24-centimeter (9.4-inch) sample of sediment -- within and around five pockmarks.

A USGS cruise on the research vessel M/V Bold Horizon in 2019 collected deeper piston and gravity cores up to 7.5 meters (25 feet) in length. The piston cores were taken inside pockmarks and at background sites adjacent to but outside of the pockmarks for comparison.

Importantly, the research team found no evidence of methane gas in any of the samples or data that they collected. Instead, the subsurface profiles and sediment samples indicated that the pockmarks contain alternating layers of fine and coarse sediment.

The sandy deposits, or turbidites, were the key to unlocking the surprising story of massive sediment gravity flows passing over the whole area. Fine sediment on the seafloor was deposited slowly over time, then intermittent large sediment gravity flows left a characteristic layer of coarse sand. It appears these flows erode the pockmark centers, leaving behind sandy deposits across multiple pockmarks in the region at the same time.

Scientists have only recently begun to understand the patterns of erosion and deposition by sediment gravity flows in underwater canyons and channels. The Sur Pockmark Field is bordered by two channels -- the Lucia Chica Channel to the north and the San Simeon Channel to the south -- but is otherwise broad and open terrain.

Exactly how currents and sediments move over the dimpled surface of the Sur Pockmark Field is still unknown. However, the research team has proposed the unique seafloor morphology in this area may create flow patterns that erode the pockmark centers. In this region, sediment gravity flows are episodic, occurring tens of thousands of years apart. The last one was approximately 14,000 years ago. Computer modeling will be required to confirm if an unconfined flow passing over the pockmark field carries sufficient energy to erode and maintain the pockmarks.
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Can coal mines be tapped for rare earth elements? | ScienceDaily
Deposits of designated critical minerals needed to transition the world's energy systems away from fossil fuels may, ironically enough, be co-located with coal deposits that have been mined to produce the fossil fuel most implicated in climate change.


						
Now, research led by the University of Utah has documented elevated concentrations of a key subset of critical minerals, known as rare earth elements, or REEs, in active mines rimming the Uinta coal belt of Colorado and Utah.

These findings open the possibility that these mines could see a secondary resource stream in the form of metals used in renewable energy and numerous other high-tech applications, according to study co-author Lauren Birgenheier, an associate professor of geology and geophysics.

"The model is if you're already moving rock, could you move a little more rock for resources towards energy transition?" Birgenheier said. "In those areas, we're finding that the rare earth elements are concentrated in fine-grain shale units, the muddy shales that are above and below the coal seams."

This research was conducted in partnership with the Utah Geological Survey and Colorado Geological Survey as part of the Department of Energy-funded Carbon Ore, Rare Earth and Critical Minerals project, or CORE-CM. The new findings will form the basis for a grant request of an additional $9.4 million in federal funding to continue the research.

While these metals are crucial for U.S. manufacturing, especially in high-end technologies, they are largely sourced from overseas.

"When we talk about them as 'critical minerals,' a lot of the criticality is related to the supply chain and the processing," said Michael Free, a professor metallurgical engineering and the principal investigator on the DOE grant. "This project is designed around looking at some alternative unconventional domestic sources for these materials."

The association between coal and REE deposits has been well documented elsewhere, but little data had been previously gathered or analyzed in Utah and Colorado's coal fields.




"The goal of this phase-one project was to collect additional data to try and understand whether this was something worth pursuing in the West," said study co-author Michael Vanden Berg, Energy and Minerals Program Manager at the Utah Geological Survey. "Is there rare earth element enrichment in these rocks that could provide some kind of byproduct or value added to the coal mining industry?"

Researchers analyzed 3,500 samples from 10 mines, four mine waste piles, seven stratigraphically complete cores, and even some coal ash piles near power plants.

"The coal itself is not enriched in rare earth elements," Vanden Berg said. "There's not going to be a byproduct from mining the coal, but for a company mining the coal seam, could they take a couple feet of the floor at the same time? Could they take a couple feet of the ceiling? Could there be potential there? That's the direction that the data led us."

The team deployed two different methods to record levels of rare earths, expressed in parts per million, or ppm, in the samples. One was a hand-held device for quick readings in the field, the other used Inductively Coupled Plasma-Mass Spectrometry, or ICP-MS, in an on-campus lab.

"We're mostly using this portable x-ray fluorescence device, which is an analysis gun that we hold to the rock for two minutes, and it only gives us five or six of the 17 rare earth elements," Birgenheier said. If samples showed concentrations higher than 200 ppm, they ran a more complete analysis using the more costly mass spectrometry equipment.

The Department of Energy has set 300 ppm as the minimum concentration for rare earth mining to be potentially economically viable. But for the study, researchers deemed concentrations greater than 200 ppm to be considered "REE enriched."

The study found the highest prevalence of such concentrations in coal-adjacent formations of siltstone and shale, while sandstone and the coal itself were mostly devoid of rare earths.

The team has analyzed 11,000 samples to date, far more than were used in the published study. Next steps include determining how much rare earth ore is present, likely to be done with colleagues at the University of Wyoming and New Mexico Institute of Mining and Technology.
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Electric school buses may yield significant health and climate benefits, cost savings | ScienceDaily
Replacing diesel school buses with electric school buses may yield up to $247,600 in climate and health benefits per individual bus, according to a new study by researchers at Harvard T.H. Chan School of Public Health. The researchers found that these benefits -- including fewer greenhouse gas emissions and reduced rates of adult mortality and childhood asthma -- and their associated savings are strongest in large cities and among fleets of old (2005 and before) buses.


						
The study will be published in The Proceedings of the National Academy of Sciences on May 20, 2024.

While the health and climate benefits of switching from diesel vehicles to electric ones are well established, this is the first study to specifically quantify how electric school buses can improve human and planetary health.

"Research on air pollution and climate change should strive to quantify health benefits," said senior author Kari Nadeau, John Rock Professor of Climate and Population Studies and chair of the Department of Environmental Health. "Our findings can inform policymakers that greenhouse gas emissions and air pollution are reduced by implementing solutions like electric vehicle use. Our data offer strong evidence that accelerating the ongoing transition to electric school buses will benefit individual, public, and planetary health."

There are about half a million school buses in use in the U.S. and a substantial portion are older, highly polluting diesel buses. Switching to electric buses is a difficult decision for local, state, and federal officials as they are expensive and the health benefits are not well known.

To quantify how diesel and electric school buses impact the climate, the researchers compared the amounts of carbon dioxide emitted from diesel school bus tailpipes and from electric school buses' electricity generation and battery production. To assess the buses' health impacts, the researchers compared how their respective emissions contribute to fine particulate air pollution (PM2.5), which is linked to adult mortality and the onset of childhood asthma.

The study found that replacing an average diesel school bus in the U.S. fleet in 2017 with an electric one resulted in $84,200 in total benefits per individual bus. Each electric school bus emitted 181 fewer metric tons of carbon dioxide than its diesel counterpart, amounting to $40,400 worth of climate benefits. Meanwhile, each electric school bus was associated with $43,800 in health savings, from less air pollution and reduced rates of mortality and childhood asthma.




The study also found that electric school buses' health benefits vary depending on location and the age of the diesel bus being replaced. Large metropolitan areas -- defined as those with a population of more than one million -- derive the most significant health benefits from electrifying fleets of school buses, given the larger number of people whose air quality is improved. The researchers calculated that, in a large city, replacing a 2005 diesel school bus with an electric bus would achieve $207,200 in health benefits per bus.

"In a dense urban setting where old diesel buses still comprise most school bus fleets, the savings incurred from electrifying these buses outweigh the costs of replacement," Nadeau said. "Not to mention how the tangible benefits of electric school buses can improve lives -- especially for racial minorities and those living in low-income communities who are disproportionately impacted by the everyday health risks of air pollution."

Nadeau and her co-authors noted that the study did not tackle one important question: how electric school buses impact children's exposure to in-cabin air pollution while riding the bus. Additional research into this topic could further inform policy decisions.

Ernani Choma, research associate in the Department of Environmental Health, and Lisa Robinson, senior research scientist and deputy director of the Center for Health Decision Science, were co-authors.
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'Vigorous melting' at Antarctica's Thwaites 'Doomsday' Glacier | ScienceDaily
A team of glaciologists led by researchers at the University of California, Irvine used high-resolution satellite radar data to find evidence of the intrusion of warm, high-pressure seawater many kilometers beneath the grounded ice of West Antarctica's Thwaites Glacier.


						
In a study published today in Proceedings of the National Academy of Sciences, the UC Irvine-led team said that widespread contact between ocean water and the glacier -- a process that is replicated throughout Antarctica and in Greenland -- causes "vigorous melting" and may require a reassessment of global sea level rise projections.

The glaciologists relied on data gathered from March to June of 2023 by Finland's ICEYE commercial satellite mission. The ICEYE satellites form a "constellation" in polar orbit around the planet, using InSAR -- interferometer synthetic aperture radar -- to persistently monitor changes on the Earth's surface. Many passes by a spacecraft over a small, defined area render smooth data results. In the case of this study, it showed the rise, fall and bending of Thwaites Glacier.

"These ICEYE data provided a long-time series of daily observations closely conforming to tidal cycles," said lead author Eric Rignot, UC Irvine professor of Earth system science. "In the past, we had some sporadically available data, and with just those few observations it was hard to figure out what was happening. When we have a continuous time series and compare that with the tidal cycle, we see the seawater coming in at high tide and receding and sometimes going farther up underneath the glacier and getting trapped. Thanks to ICEYE, we're beginning to witness this tidal dynamic for the first time."

ICEYE Director of Analytics Michael Wollersheim, co-author, said, "Until now, some of the most dynamic processes in nature have been impossible to observe with sufficient detail or frequency to allow us to understand and model them. Observing these processes from space and using radar satellite images, which provide centimeter-level precision InSAR measurements at daily frequency, marks a significant leap forward."

Rignot said the project helped him and his colleagues develop a better understanding of the behavior of seawater on undersides of Thwaites Glacier. He said that seawater coming in at the base of the ice sheet, combined with freshwater generated by geothermal flux and friction, builds up and "has to flow somewhere." Water is distributed through natural conduits or collects in cavities, creating enough pressure to elevate the ice sheet.

"There are places where the water is almost at the pressure of the overlying ice, so just a little more pressure is needed to push up the ice," Rignot said. "The water is then squeezed enough to jack up a column of more than half a mile of ice."

And it's not just any seawater. For decades, Rignot and his colleagues have been gathering evidence of the impact of climate change on ocean currents, which push warmer seawater to the shores of Antarctica and other polar ice regions. Circumpolar deep water is salty and has a lower freezing point. While freshwater freezes at zero degrees Celsius, saltwater freezes at minus two degrees, and that small difference is enough to contribute to the "vigorous melting" of basal ice as found in the study.




Co-author Christine Dow, professor in the Faculty of Environment at the University of Waterloo in Ontario, Canada, said, "Thwaites is the most unstable place in the Antarctic and contains the equivalent of 60 centimeters of sea level rise. The worry is that we are underestimating the speed that the glacier is changing, which would be devastating for coastal communities around the world."

Rignot said that he hopes and expects the results of this project to spur further research on the conditions beneath Antarctic glaciers, exhibitions involving autonomous robots and more satellite observations.

"There is a lot of enthusiasm from the scientific community to go to these remote, polar regions to gather data and build our understanding of what's happening, but the funding is lagging," he said. "We operate at the same budget in 2024 in real dollars that we were in the 1990s. We need to grow the community of glaciologists and physical oceanographers to address these observation issues sooner rather than later, but right now we're still climbing Mount Everest in tennis shoes."

In the near term, Rignot, who is also a senior project scientist at NASA's Jet Propulsion Laboratory, said this study will provide a lasting benefit to the ice sheet modeling community.

"If we put this type of ocean-ice interaction into ice sheet models, I expect we will be able to do a much better job of reproducing what has happened in the past quarter century, which will lead to a higher level of confidence in our projections," he said. "If we could add this process we outlined in the paper, which is not included in most current models, the model reconstructions should match observations much better. It would be a big win if we could achieve that."

Dow added, "At the moment we don't have enough information to say one way or the other how much time there is before the oceanwater intrusion is irreversible. By improving the models and focusing our research on these critical glaciers, we will try to get these numbers at least pinned down for decades versus centuries. This work will help people adapt to changing ocean levels, along with focusing on reducing carbon emissions to prevent the worst-case scenario."

Rignot, Dow and Wollershiem were joined in this project by Enrico Ciraci, UC Irvine assistant specialist in Earth system science and NASA postdoctoral fellow; Bernd Scheuchl, UC Irvine researcher in Earth system science; and ICEYE's Valentyn Tolpekin. ICEYE is headquartered in Finland and operates from five international locations, including the United States. The research received financial support from NASA and the National Science Foundation.
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The impacts of climate change on food production | ScienceDaily
A new peer-reviewed study from researchers at The University of Texas at Arlington; the University of Nevada, Reno; and Virginia Tech shows that climate change has led to decreased pollen production from plants and less pollen more diversity than previously thought, which could have a significant impact on food production.


						
"This research is crucial as it examines the long-term impacts of climate change on plant-pollinator interactions," said Behnaz Balmaki, lead author of the study and an assistant professor of research in biology at UTA. "This study investigates how shifts in flowering times and extreme weather events affect the availability of critical food sources for insect pollinators."

The research team, which included UTA's Masoud A. Rostami, focused its study on the Great Basin and Sierra Nevada mountains. The Great Basin, which includes about 95% of Nevada as well as portions of California, Oregon, Idaho and Wyoming, is an ideal place for this type of research because the mountains shield the region from Pacific storms, rain and snow.

The Great Basin region is home to more than 200 butterfly species, many of which act as pollinators. Pollinators are important in agriculture because they carry pollen from the male to the female parts of flowers so they can become fertilized and produce fruit.

The research team created 19 sampling sites throughout the region, collecting a wide sample of butterflies to study how they distribute pollen to plants. In addition to the newly collected samples, the team also examined previously captured butterfly samples obtained between 2000 and 2021 that are stored at the University of Nevada, Reno Museum of Natural History.

"By analyzing 21 years of historical data, a very long period that provides clear views, the research offers detailed perspectives on the consequences of habitat loss, fragmented landscapes and changes in plant assemblages on pollination services," Balmaki said. "Our innovative use of museum specimens to track changes in pollen adds a new dimension to understanding these dynamics. These findings are vital for informing conservation efforts aimed at reducing biodiversity loss and preserving ecological balance, which are essential for sustaining natural ecosystems and human agriculture."

Another important aspect of this study is that it highlights the deep importance of pollinators in maintaining food production vital for human consumption and survival.

"Without effective pollination, many crops vital to the global food supply could fail," Balmaki said. "Our research underscores the necessity of developing targeted conservation policies to protect pollinators and maintain essential pollination services during global warming, thereby addressing some of the most significant environmental challenges of our time."
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Digging up good news for microbial studies | ScienceDaily
Post-doctoral researcher Joe Edwards and graduate student Sarah Love, both in the Department of Ecology and Evolutionary Biology, published findings this spring that can save fellow researchers a lot of time and energy when storing soil samples for later study of their microbial content.


						
The preferred method for storing soil samples for the study of microbes has long been to freeze them to keep the DNA intact for studies that might need to extract information years down the road. The downside is the need to power these freezers and maintain facilities to house them.

Edwards and Love examined a wide array of soil samples in a project funded by the National Science Foundation and the US Forest Service. Their analysis indicates that soil stored under refrigerated or air-dried conditions can still retain the needed information for understanding microbial community composition and structure for many years.

"We wanted to show that these air-dried soils were still useful for understanding soil microbial communities," said Edwards. "We're using dried soil microbes from an archived national database to look at long-term, continent-wide spatial patterns in fungal communities and compare those with forest census data from all of those same plots."

This soil database stores a history of the ecological changes in an area over long periods of time. Researchers want to study these soils with relatively new methods to build a timeline of ecological changes in fungi at the microbial level.

"This microbial sequencing technology has only been around for maybe the last 10 to 15 years or so," said Edwards. "We don't have very long-term trajectories for these microbiomes. The cool thing about these archives is that they were sampled more than once, so we have multiple resampling. We can look at how much of that community changes over time and get historical patterns for them, which is something really nobody has done yet."

The results that Edwards and Love found show that dry-storage soil samples can be extremely useful for studying how soil properties and fungal communities change over longer periods, potentially up to decades.

"What we were saying in the paper is a little nuanced," said Edwards. "We managed to maintain the environmental variance that was explained in the microbial community. The method isn't quite as reliable if you're just trying to track specific taxa of fungi across time. But for looking at broad patterns in community diversity and community composition, it's useful. We can get a good idea of the overall shape of these communities as they change over space and time."

Knowing the reliability of available archived information can help future researchers know that their samples will give them the accurate data they need.

Edwards and Love will apply the findings themselves to the next phase of their own soil research: sequencing thousands of air-dried soils from across the country. The information they find can offer important new understanding of long-term, global patterns of change.
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        The global clean water crisis looms large
        Water scarcity will intensify with climate and socioeconomic change, disproportionately impacting populations located in the Global South.

      

      
        Australian study proves 'humans are planet's most frightening predator'
        A new study demonstrates that kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator.

      

      
        Conservation of nature's strongholds needed to halt biodiversity loss
        To achieve global biodiversity targets, conservationists and governments must prioritize the establishment and effective management of large, interconnected protected areas with high ecological integrity, researchers argue in a new essay.

      

      
        Lung cancer study offers further evidence on importance of screening
        Researchers have demonstrated the benefits of lung cancer screening across socioeconomic groups. Evidence in the new study illustrates the value and importance of screening, especially for those who live in areas of economic deprivation.

      

      
        Green infrastructure plans need to consider historical racial inequalities
        Urban greening projects should consider historical development patterns and past discriminatory practices to avoid exacerbating the unequal distribution of environmental benefits, says an urban and regional planning professor.

      

      
        Electric school buses may yield significant health and climate benefits, cost savings
        Replacing diesel school buses with electric school buses may yield up to $247,600 in climate and health benefits per individual bus, according to a new study. The researchers found that these benefits -- including fewer greenhouse gas emissions and reduced rates of adult mortality and childhood asthma -- and their associated savings are strongest in large cities and among fleets of old (2005 and before) buses.

      

      
        'Vigorous melting' at Antarctica's Thwaites 'Doomsday' Glacier
        Glaciologists show evidence of warm ocean water intruding kilometers beneath grounded ice at Thwaites Glacier in West Antarctica. The findings suggest that existing climate models are underestimating the impact of ocean and ice interactions in future sea level rise projections.

      

      
        Mothers live longer as child mortality declines
        The dramatic decline in childhood mortality during the 20th century has added a full year to women's lives, according to a new study.

      

      
        Evolving market dynamics foster consumer inattention that can lead to risky purchases
        Researchers have developed a new theory of how changing market conditions can lead large numbers of otherwise cautious consumers to buy risky products such as subprime mortgages, cryptocurrency or even cosmetic surgery procedures.

      

      
        World leaders still need to wake up to AI risks
        Leading AI scientists are calling for stronger action on AI risks from world leaders, warning that progress has been insufficient since the first AI Safety Summit six months ago. Then, the world's leaders pledged to govern AI responsibly. However, twenty-five of the world's leading AI scientists say not enough is actually being done to protect us from the technology's risks.

      

      
        Decarbonization dynamics: New analysis unveils shifting trends in the voluntary carbon offset market
        Researchers have conducted a worldwide analysis of voluntary carbon offset programs and identified trends into which types of carbon reduction technologies are selected and prioritized. Their findings provide important insights for policymakers to improve the effectiveness and credibility of the carbon offset market.

      

      
        Robot-phobia could exacerbate hotel, restaurant labor shortage
        Using more robots to close labor gaps in the hospitality industry may backfire and cause more human workers to quit, according to a new study. The study, involving more than 620 lodging and food service employees, found that 'robot-phobia' -- specifically the fear that robots and technology will take human jobs -- increased workers' job insecurity and stress, leading to greater intentions to leave their jobs. The impact was more pronounced with employees who had real experience working with robot...

      

      
        Ukraine war caused migrating eagles to deviate from their usual flight plan, study finds
        When migrating through Ukraine in 2022, Greater Spotted Eagles were exposed to multiple conflict events that altered their migratory course, according to a new study.

      

      
        Better medical record-keeping needed to fight antibiotic overuse
        A lack of detailed record-keeping in clinics and emergency departments may be getting in the way of reducing the inappropriate use of antibiotics, a pair of new studies suggests. In one of the studies, about 10% of children and 35% of adults who got an antibiotic prescription during an office visit had no specific reason for the antibiotic in their record.

      

      
        Global life expectancy to increase by nearly 5 years by 2050 despite geopolitical, metabolic, and environmental threats
        The latest findings forecast that global life expectancy will increase by 4.9 years in males and 4.2 years in females between 2022 and 2050. Increases are expected to be largest in countries where life expectancy is lower, contributing to a convergence of increased life expectancy across geographies. The trend is largely driven by public health measures that have prevented and improved survival rates from cardiovascular diseases, COVID-19, and a range of communicable, maternal, neonatal, and nutr...

      

      
        Differing values of nature can still lead to joined up goals for sustainability
        Recognizing and respecting the different ways nature is valued can enable better environmental decision-making, according to new research.

      

      
        Can we revolutionize the chemical industry and create a circular economy? Yes, with the help of catalysts
        A new commentary paper puts forth a transformative solution to the unsustainable reliance on fossil resources by the chemical industry: catalysis to leverage sustainable waste resources, ushering the industry from a linear to a circular economy.

      

      
        Under stress, an observer is more likely to help the victim than to punish the perpetrator
        Being stressed while witnessing injustice may push your brain towards altruism, according to a new study.
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The global clean water crisis looms large | ScienceDaily
Water scarcity will intensify with climate and socioeconomic change, disproportionately impacting populations located in the Global South. So concludes a new Utrecht University article published in Nature Climate Change on 23 May 2024, which used a state-of-the-art global water quantity and quality model to estimate clean water scarcity until the end of the century.


						
Humans require clean water for drinking and sanitation purposes, but also for the production of food, energy and manufactured goods. As communities and policymakers grapple with water scarcity issues on the ground, researchers at Utrecht University aim to shed light on the escalating global clean water crisis.

Current and future water scarcity

Using simulations from a state-of-the-art water quantity and quality model, the authors assess present-day and future global water scarcity. "Climate change and socioeconomic developments have multi-faceted impacts on the availability and quality of, and demands for, water resources in the future," says lead author Dr. Edward Jones. "Changes in these three aspects are crucial for evaluating future water scarcity."

The study estimates that 55% of the global population currently lives in areas that experience a lack of clean water in at least one month per year. "By the end of the century, this may be as high as 66%," remarks Jones.

Strong regional differences in future water scarcity

While global water scarcity is projected to intensify in the future, both the changes and impacts will not occur equally across all world regions. Future increases in water scarcity in Western Europe and North America, for example, are concentrated in just a few months of the year -- predominantly driven by water quantity aspects. Conversely, water scarcity increases in developing countries are typically more widespread in space and persist for a larger portion of the year.




Jones remarks, "Increases in future exposure are largest in the Global South. These are typically driven by a combination of rapid population and economic growth, climate change and deteriorating water quality."

Quality: the invisible part of water scarcity

Water quality -- despite being crucial for safe water use -- remains an under-represented component of water scarcity assessments. "Previous assessments still predominantly focus on water quantity aspects only," explains Jones. "Yet, the safe use of water also depends on the quality."

Therefore, a key aim of this study was also to normalise the inclusion of water quality in water scarcity assessments -- and in the design of management strategies for alleviating water scarcity.

Jones concludes, "The lack of clean water presents a systemic risk to both humans and ecosystems, which is becoming increasingly difficult to ignore. Our work highlights that, alongside substantially reducing our water demands, we must place an equally strong focus on eliminating water pollution in order to turn the tide on the global water crisis."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240523112544.htm
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Australian study proves 'humans are planet's most frightening predator' | ScienceDaily
Australia lacks fearsome large carnivores like lions and wolves, and the relative lack of fear that marsupials like kangaroos and wallabies show to dogs (and other introduced carnivores) has been attributed to a lack of evolutionary experience with large mammalian predators. This, however, overlooks the 50,000-year-long presence in Australia of the world's most fearsome predator -- the human 'super predator.'


						
A new study conducted by Western University biology professor Liana Zanette, in collaboration with Calum Cunningham and Chris Johnson from the University of Tasmania, demonstrates kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator. Findings of the study, were published May 21 in the journal Proceedings of the Royal Society B.

These results greatly strengthen findings from similar studies by Zanette and her collaborators, and others, conducted in North America, Europe, Africa and Asia, which show wildlife worldwide fear the human 'super predator' far more than lions, leopards, cougars, bears, wolves or dogs.

For this new study, Zanette and her colleagues worked in the eucalypt forest in Tasmania and experimentally demonstrated that kangaroos, wallabies and other marsupials were 2.4 times more likely to flee in response to hearing human voices compared to hearing dogs, Tasmanian devils or wolves. Every species in the marsupial community, moreover, demonstrated the same pattern, being roughly twice as likely to flee from humans as the next most frightening predator, which in each case was dogs, and all were most vigilant to humans.

"These results greatly expand the growing experimental evidence that wildlife worldwide perceive humans as the planet's most frightening predator," said Zanette, a renowned wildlife ecologist. "The very substantial fear of humans demonstrated here, and in comparable recent experiments, can be expected to have dramatic ecological consequences, because other new research has established that fear itself can reduce wildlife numbers, and fear of humans can cause cascading impacts on multiple species throughout entire landscapes."

To conduct their experiment, the team deployed hidden automated camera-speaker systems that, when triggered by an animal passing within a short distance (approximately 10 meters, or 30 feet), filmed the response to humans speaking calmly, dogs barking, Tasmanian devils snarling, wolves howling or non-threatening controls, such as sheep bleating.

"Global surveys show humans kill prey at much higher rates than other predators, making humans a 'super predator,' and the profound fear of humans being revealed in wildlife everywhere is wholly consistent with humanity's unique lethality," said Zanette. "Humans are 'the invisible killer' insofar as we do not often think of ourselves as a major predator, let alone the most dangerous, but wildlife clearly think differently -- and recognize us for what we are."
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Conservation of nature's strongholds needed to halt biodiversity loss | ScienceDaily
To achieve global biodiversity targets, conservationists and governments must prioritize the establishment and effective management of large, interconnected protected areas with high ecological integrity, John G. Robinson from the Wildlife Conservation Society, US, and colleagues argue in an essay publishing May 21 in the open-access journal PLOS Biology.


						
The Kunming-Montreal Global Biodiversity Framework (GBF), signed at the 2022 Conference of Parties to the UN Convention on Biological Diversity in Montreal, recognized the importance of protecting large areas of natural habitat to maintain the resilience and integrity of ecosystems. To halt biodiversity loss, these protected and conserved areas need to be in the right places, connected to one another, and well managed. One of the GBF targets is to protect at least 30% of the global land and ocean by 2030, known as the 30x30 target.

To achieve GBF targets, the authors propose prioritizing large, interconnected protected areas with high ecological integrity, that are effectively managed and equitably governed. They emphasize the importance of conserving landscapes at scales large enough to encompass functioning ecosystems and the biodiversity they contain. In many cases, this will require interconnected groups of protected areas that are managed together. Effective governance means that the diversity of stakeholders and rights holders are recognized and that the costs and benefits are shared equitably between them. The authors argue that protected and conservation areas that meet all four criteria -- which they name "Nature's Strongholds" -- will be disproportionately important for biodiversity conservation. They identify examples of Nature's Strongholds in the high-biodiversity tropical forest regions of Central Africa and the Amazon.

By applying the four criteria presented in this essay to identify Nature's Strongholds around the world, governments and conservationists can coordinate their efforts to best address threats to biodiversity, the authors say.

The authors add, "'Nature's Strongholds' -- large, interconnected, ecologically intact areas that are well managed and equitably governed -- are identified in Amazonia and Central Africa. The approach offers an effective way to conserve biodiversity at a global scale."
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Lung cancer study offers further evidence on importance of screening | ScienceDaily
Researchers from the University of Liverpool and Queen Mary University of London have published the first study in the UK to demonstrate the benefits of lung cancer screening across socioeconomic groups. Evidence in the new study illustrates the value and importance of screening, especially for those who live in areas of economic deprivation[1].


						
Lung cancer affects the lives of about 40,000 people a year in the UK and previous studies from Liverpool researchers illustrate the unequivocal benefit of lung cancer screening in identified high risk groups.

In a newly published Lancet Regional Health Europe paper, lung cancer researchers further demonstrate the benefits of low-dose CT lung cancer screening. The latest study illustrates lung cancer outcomes are comparable across all socioeconomic groups.

Significantly, it also demonstrates that screening may provide additional health benefits for other smoking-related diseases. The analysis showed that conditions COPD and emphysema, both of which disproportionately affect lower socioeconomic groups, were less often the cause of death when subjects received a low-dose CT scan.

Researchers examined long-term outcomes of recruited participants from across the socioeconomic spectrum. This allowed assessment of the impact of socioeconomic status on a variety of aspects, including initial recruitment, selection for screening, lung cancer detection, and long-term mortality benefit from lung cancer and other diseases. It is shown that those from a lower socioeconomic group benefited from low-dose-CT screening in terms of lung cancer survival to the same extent as those from more affluent groups. However, they were more likely to benefit in terms of death from COPD and emphysema.

Professor John Field, Professor of Molecular Oncology, University of Liverpool and lead author on the paper said: "The impact of low-dose CT lung cancer screening has been previously demonstrated in a number of international clinical trials, including the UKLS study here in the UK. However, this is the first time that the long-term impact of risk-stratified lung cancer screening has been compared across different socioeconomic groups, demonstrating that those disadvantaged groups at the greatest risk of developing the disease benefit as much as those in less deprived areas."

Dr Chris Warburton, Respiratory Consultant at Liverpool University Hospitals NHS Foundation Trust and Clinical Lead for the Targeted Lung Health Check Programme for the NHS Cheshire and Merseyside Cancer Alliance said: "This is excellent data which demonstrates that lung cancer screening of high risk populations not only delivers benefits in lung cancer outcomes for the most deprived in our society, but it could also have wider beneficial effects on other smoking related diseases such as COPD and cardiovascular disease. The Cancer Alliance would encourage anyone offered a Lung Health Check to attend this important appointment which might just help to prolong their life."

Professor John Field worked with Dr Michael Davies, from the University of Liverpool's Institute of Systems, Molecular & Integrative Biology, and Daniel Vulkan, Professor Rhian Gabe, and Professor Stephen Duffy, from the Wolfson Institute of Preventive Medicine, Queen Mary University of London.




Professor Stephen Duffy said: "These results indicate the potential for lung cancer screening to address some serious inequalities in health. As the targeted programme is rolled out nationally, we need to make an effort to deliver the service to those deprived populations who need it most."

The UKLS study was funded by the Health Technology Assessment programme of the National Institute for Health Research (NIHR). Dr Michael Davies is a Roy Castle Lung Cancer Foundation Senior Research Fellow. Daniel Vulkan's and Professor Stephen Duffy's contributions to this research were funded by the NIHR Policy Research Programme.

[1] Deprivation, or lower socioeconomic status, as measured in the UK by the Index of Multiple Deprivation (IMD)
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Green infrastructure plans need to consider historical racial inequalities | ScienceDaily
Urban planners increasingly are interested in green infrastructure projects for the health and climate benefits they bring to cities. But without attention to historical development patterns and existing power structures, such projects may not benefit all residents equally and may exacerbate social and racial inequalities, says a group of researchers and practitioners of nature-based solutions for urban areas.


						
The researchers outlined their recommendations for a justice-oriented approach to urban greening projects in a paper published in the journal Urban Forestry and Urban Greening.

"For the environmental and ecological questions, we have a pretty good handle on what we need to do. The questions that are the hardest and the most important for people to tackle are how to work well with communities, particularly marginalized communities," said Rebecca Walker, a co-lead author of the paper and a professor of urban and regional planning at the University of Illinois Urbana-Champaign.

The other lead authors of the paper are Kate Derickson, a professor of geography, environment and society at the University of Minnesota and the co-director of the CREATE Initiative to address equitable access to environmental amenities; and Maike Hamann, a lecturer in development and sustainability at the Centre for Geography and Environmental Science at the University of Exeter in the United Kingdom.

Green infrastructure can benefit the ecosystem in multiple ways, such as flood and heat mitigation, carbon storage and sequestration, and opportunities for recreation and improvement in mental and physical health, said the researchers. But urban landscapes are unequal in the distribution of environmental benefits and harms.

For example, water quality standards for rivers in St. Louis, Missouri, reflect the city's racial geographies, with waterways in white neighborhoods historically managed for recreation and those in Black neighborhoods historically managed for industrial uses. Today the water quality standards for bodies of water in white neighborhoods remain higher than for those in Black neighborhoods, according to the paper.

"Plans must contend with the histories of discriminatory policies and practices that produced underlying inequalities, and be attentive to the ways that contemporary efforts might reproduce or undermine the structures driving inequities in urban greenspace. This is true for new greenspace developments, as well as changes to existing urban nature," the researchers wrote.




A variety of disciplines need to contribute to urban green infrastructure, including those that ask questions about the social implications of ecological and economic projects, they said.

"If they are already disproportionately located near more advantaged communities, as we invest and expand in those areas, the inequities get doubled down," Walker said.

Among the factors that planners should consider is the scale of a project and how a particular community might be affected by a project, the researchers said. For example, a wetlands mitigation program in Mississippi allowed developers to fill in wetlands in one location while buying wetland mitigation credits elsewhere. Residents of the small, Black community of Turkey Creek, Mississippi, argued that the practice harmed their neighborhood, which was hit hard by Hurricane Katrina, by removing wetlands that could absorb stormwater.

"This suggests that ... attempting to address large-scale issues (such as global climate change) cannot be done equitably without careful attention to local-scale issues (such as neighborhood flooding)," the researchers wrote.

Their research emphasizes the importance of building relationships with communities and accepting uncertainty about the outcomes of their work. While Derickson and Walker were working with a community on water quality and flooding issues, the community members repeatedly raised concerns about gentrification related to green infrastructure solutions. The researchers shifted their focus and developed an antigentrification toolkit offering ways to invest in urban greening without driving displacement of residents. Being open to ambiguity in defining a problem led to a new opportunity for their work to lead to justice-oriented policies, they said.

Finally, the researchers advocate for an approach that promotes modest projects that address the needs and priorities of a community's residents and allows them to help shape the projects over large developer-oriented infrastructure investments.

"While the uptake of urban green infrastructure represents a promising development in urban sustainability and development practices, it cannot be assumed that these projects will benefit all residents or promote urban equity. Indeed, the history of urban development and infrastructure projects shows that there is a tendency for such projects to consolidate benefits for powerful groups, often at the expense of the vulnerable or marginalized," the researchers wrote.
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Electric school buses may yield significant health and climate benefits, cost savings | ScienceDaily
Replacing diesel school buses with electric school buses may yield up to $247,600 in climate and health benefits per individual bus, according to a new study by researchers at Harvard T.H. Chan School of Public Health. The researchers found that these benefits -- including fewer greenhouse gas emissions and reduced rates of adult mortality and childhood asthma -- and their associated savings are strongest in large cities and among fleets of old (2005 and before) buses.


						
The study will be published in The Proceedings of the National Academy of Sciences on May 20, 2024.

While the health and climate benefits of switching from diesel vehicles to electric ones are well established, this is the first study to specifically quantify how electric school buses can improve human and planetary health.

"Research on air pollution and climate change should strive to quantify health benefits," said senior author Kari Nadeau, John Rock Professor of Climate and Population Studies and chair of the Department of Environmental Health. "Our findings can inform policymakers that greenhouse gas emissions and air pollution are reduced by implementing solutions like electric vehicle use. Our data offer strong evidence that accelerating the ongoing transition to electric school buses will benefit individual, public, and planetary health."

There are about half a million school buses in use in the U.S. and a substantial portion are older, highly polluting diesel buses. Switching to electric buses is a difficult decision for local, state, and federal officials as they are expensive and the health benefits are not well known.

To quantify how diesel and electric school buses impact the climate, the researchers compared the amounts of carbon dioxide emitted from diesel school bus tailpipes and from electric school buses' electricity generation and battery production. To assess the buses' health impacts, the researchers compared how their respective emissions contribute to fine particulate air pollution (PM2.5), which is linked to adult mortality and the onset of childhood asthma.

The study found that replacing an average diesel school bus in the U.S. fleet in 2017 with an electric one resulted in $84,200 in total benefits per individual bus. Each electric school bus emitted 181 fewer metric tons of carbon dioxide than its diesel counterpart, amounting to $40,400 worth of climate benefits. Meanwhile, each electric school bus was associated with $43,800 in health savings, from less air pollution and reduced rates of mortality and childhood asthma.




The study also found that electric school buses' health benefits vary depending on location and the age of the diesel bus being replaced. Large metropolitan areas -- defined as those with a population of more than one million -- derive the most significant health benefits from electrifying fleets of school buses, given the larger number of people whose air quality is improved. The researchers calculated that, in a large city, replacing a 2005 diesel school bus with an electric bus would achieve $207,200 in health benefits per bus.

"In a dense urban setting where old diesel buses still comprise most school bus fleets, the savings incurred from electrifying these buses outweigh the costs of replacement," Nadeau said. "Not to mention how the tangible benefits of electric school buses can improve lives -- especially for racial minorities and those living in low-income communities who are disproportionately impacted by the everyday health risks of air pollution."

Nadeau and her co-authors noted that the study did not tackle one important question: how electric school buses impact children's exposure to in-cabin air pollution while riding the bus. Additional research into this topic could further inform policy decisions.

Ernani Choma, research associate in the Department of Environmental Health, and Lisa Robinson, senior research scientist and deputy director of the Center for Health Decision Science, were co-authors.
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'Vigorous melting' at Antarctica's Thwaites 'Doomsday' Glacier | ScienceDaily
A team of glaciologists led by researchers at the University of California, Irvine used high-resolution satellite radar data to find evidence of the intrusion of warm, high-pressure seawater many kilometers beneath the grounded ice of West Antarctica's Thwaites Glacier.


						
In a study published today in Proceedings of the National Academy of Sciences, the UC Irvine-led team said that widespread contact between ocean water and the glacier -- a process that is replicated throughout Antarctica and in Greenland -- causes "vigorous melting" and may require a reassessment of global sea level rise projections.

The glaciologists relied on data gathered from March to June of 2023 by Finland's ICEYE commercial satellite mission. The ICEYE satellites form a "constellation" in polar orbit around the planet, using InSAR -- interferometer synthetic aperture radar -- to persistently monitor changes on the Earth's surface. Many passes by a spacecraft over a small, defined area render smooth data results. In the case of this study, it showed the rise, fall and bending of Thwaites Glacier.

"These ICEYE data provided a long-time series of daily observations closely conforming to tidal cycles," said lead author Eric Rignot, UC Irvine professor of Earth system science. "In the past, we had some sporadically available data, and with just those few observations it was hard to figure out what was happening. When we have a continuous time series and compare that with the tidal cycle, we see the seawater coming in at high tide and receding and sometimes going farther up underneath the glacier and getting trapped. Thanks to ICEYE, we're beginning to witness this tidal dynamic for the first time."

ICEYE Director of Analytics Michael Wollersheim, co-author, said, "Until now, some of the most dynamic processes in nature have been impossible to observe with sufficient detail or frequency to allow us to understand and model them. Observing these processes from space and using radar satellite images, which provide centimeter-level precision InSAR measurements at daily frequency, marks a significant leap forward."

Rignot said the project helped him and his colleagues develop a better understanding of the behavior of seawater on undersides of Thwaites Glacier. He said that seawater coming in at the base of the ice sheet, combined with freshwater generated by geothermal flux and friction, builds up and "has to flow somewhere." Water is distributed through natural conduits or collects in cavities, creating enough pressure to elevate the ice sheet.

"There are places where the water is almost at the pressure of the overlying ice, so just a little more pressure is needed to push up the ice," Rignot said. "The water is then squeezed enough to jack up a column of more than half a mile of ice."

And it's not just any seawater. For decades, Rignot and his colleagues have been gathering evidence of the impact of climate change on ocean currents, which push warmer seawater to the shores of Antarctica and other polar ice regions. Circumpolar deep water is salty and has a lower freezing point. While freshwater freezes at zero degrees Celsius, saltwater freezes at minus two degrees, and that small difference is enough to contribute to the "vigorous melting" of basal ice as found in the study.




Co-author Christine Dow, professor in the Faculty of Environment at the University of Waterloo in Ontario, Canada, said, "Thwaites is the most unstable place in the Antarctic and contains the equivalent of 60 centimeters of sea level rise. The worry is that we are underestimating the speed that the glacier is changing, which would be devastating for coastal communities around the world."

Rignot said that he hopes and expects the results of this project to spur further research on the conditions beneath Antarctic glaciers, exhibitions involving autonomous robots and more satellite observations.

"There is a lot of enthusiasm from the scientific community to go to these remote, polar regions to gather data and build our understanding of what's happening, but the funding is lagging," he said. "We operate at the same budget in 2024 in real dollars that we were in the 1990s. We need to grow the community of glaciologists and physical oceanographers to address these observation issues sooner rather than later, but right now we're still climbing Mount Everest in tennis shoes."

In the near term, Rignot, who is also a senior project scientist at NASA's Jet Propulsion Laboratory, said this study will provide a lasting benefit to the ice sheet modeling community.

"If we put this type of ocean-ice interaction into ice sheet models, I expect we will be able to do a much better job of reproducing what has happened in the past quarter century, which will lead to a higher level of confidence in our projections," he said. "If we could add this process we outlined in the paper, which is not included in most current models, the model reconstructions should match observations much better. It would be a big win if we could achieve that."

Dow added, "At the moment we don't have enough information to say one way or the other how much time there is before the oceanwater intrusion is irreversible. By improving the models and focusing our research on these critical glaciers, we will try to get these numbers at least pinned down for decades versus centuries. This work will help people adapt to changing ocean levels, along with focusing on reducing carbon emissions to prevent the worst-case scenario."

Rignot, Dow and Wollershiem were joined in this project by Enrico Ciraci, UC Irvine assistant specialist in Earth system science and NASA postdoctoral fellow; Bernd Scheuchl, UC Irvine researcher in Earth system science; and ICEYE's Valentyn Tolpekin. ICEYE is headquartered in Finland and operates from five international locations, including the United States. The research received financial support from NASA and the National Science Foundation.
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Mothers live longer as child mortality declines | ScienceDaily
The dramatic decline in childhood mortality during the 20th century has added a full year to women's lives, according to a new study.


						
"The picture I was building in my mind was to think about what the population of mothers in the U.S. looked like in 1900," said Matthew Zipple, a Klarman Postdoctoral Fellow in neurobiology and behavior at Cornell University and author of "Reducing Childhood Mortality Extends Mothers' Lives," which published May 9 in Scientific Reports.

"It was a population made up of two approximately equal-sized groups: One was mothers who had lost children, and one was mothers who had not," Zipple said. "If we compare that to today, when child loss is mercifully so much less common, nearly all those women who had lost children are shifted into the non-bereaved category."

Using mathematical modeling based on Centers for Disease Control and Prevention (CDC) data, he calculated how the absence of bereavement affects the lifespans of present-day mothers in the United States. He estimates that the reduction in maternal bereavement adds, on average, a year to women's lives.

In the paper, Zipple cites several studies that causally link child death with increased risk of maternal death. The most comprehensive is a study of mothers in Iceland over a 200-year period, spanning a range of health care access and industrialization.

Life expectancy for women after age 15 increased by about 16 years between 1900 and 2000, Zipple found from the CDC data he used in the study. His calculation attributes one year, or about 6% of this increase, to the dramatic drop in childhood mortality over the course of the 20th century.

The study also helps set priorities for progress going forward, Zipple said. In many countries, child mortality rates today are similar to those in the U.S. in 1900. Investing in reducing childhood mortality everywhere helps not only the children, but whole communities.

"The child is the core of the community," Zipple said. "Protecting children from mortality has branching positive impacts that start with mothers but probably don't stop there."
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Evolving market dynamics foster consumer inattention that can lead to risky purchases | ScienceDaily
Researchers have developed a new theory of how changing market conditions can lead large numbers of otherwise cautious consumers to buy risky products such as subprime mortgages, cryptocurrency or even cosmetic surgery procedures.


						
These changes can occur in categories of products that are generally low risk when they enter the market. As demand increases, more companies may enter the market and try to attract consumers with lower priced versions of the product that carry more risk. If the negative effects of that risk are not immediately noticeable, the market can evolve to keep consumers ignorant of the risks, said Michelle Barnhart, an associate professor in Oregon State University's College of Business and a co-author of a new paper.

"It's not just the consumer's fault. It's not just the producer's fault. It's not just the regulator's fault. All these things together create this dilemma," Barnhart said. "Understanding how such a situation develops could help consumers, regulators and even producers make better decisions when they are faced with similar circumstances in the future."

The researchers' findings were recently published in the Journal of Consumer Research. The paper's lead author is Lena Pellandini-Simanyi of the University of Lugano in Switzerland.

Barnhart, who studies consumer culture and market systems; has researched credit and debit in the U.S. Pellandini-Simanyi, a sociologist with expertise in consumer markets, has studied personal finance in European contexts. Together they analyzed the case of the Hungarian mortgage crisis to understand how people who generally view themselves as risk averse end up pursuing a high-risk product or service.

To better understand the consumer mindset, the researchers conducted 47 interviews with Hungarian borrowers who took out low-risk mortgages in the local forint currency or in higher risk foreign currency as the Hungarian mortgage industry evolved between 2001 and 2010. They also conducted a larger survey of mortgage borrowers, interviewed 37 finance and mortgage industry experts and financial regulators and analyzed regulatory documents and parliamentary proceedings.

They found patterns that led to mortgages becoming riskier over time and social and marketplace changes that lead consumers to enter into a state of collective ignorance of increasing risks. In addition, they identified characteristics that encouraged these patterns. Other markets with these characteristics are likely to develop in a similar way.




"Typically, when there is a new product on the market, people are quite skeptical. The early adopters carefully examine this product, they become highly educated about it and do a lot of work to determine if the risk is too high," Pellandini-Sumanyi said. "If they deem the risk too high, they don't buy it."

But if those early adopters use the new product or service successfully, the next round of consumers is likely to assume the product will work for them in a similar fashion without examining it in as much detail, even if the quality of the product has been reduced, the researchers noted.

"Then everything starts to spiral, with quality dropping in the rush to meet consumer demand and maintain profits, and consumers relying more and more on social information that suggests this is a safe purchase without investigating how the risks might have changed," Barnhart said.

"It also can lead to a 'prudence paradox,' where the most risk averse people wait to enter the market until the end stages and end up buying super risky products. They exercise caution by waiting but they wait so long, they end up with the worst products."

The spiral is typically only broken through intervention, either through market collapse or regulation. For example, while cosmetic surgery is relatively safe, an increase in availability of inexpensive procedures at facilities that lacked sufficient equipment and expertise led to a rise in botched procedures until regulation caught up.

"These findings demonstrate the power of social information," Barnhart said. "In this environment, it's very difficult for any individual consumer to pay attention to and assess risk because doing so is so far outside of the norm."

To protect themselves against collective ignorance, consumers should ensure that they are weighing their personal risk against others whose experiences are actually similar, Pellandini-Sumanyi said.

"Make sure this is an apples-to-apples comparison of products and the consumers' circumstances," she said.
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World leaders still need to wake up to AI risks | ScienceDaily
Leading AI scientists are calling for stronger action on AI risks from world leaders, warning that progress has been insufficient since the first AI Safety Summit in Bletchley Park six months ago.


						
Then, the world's leaders pledged to govern AI responsibly. However, as the second AI Safety Summit in Seoul (21-22 May) approaches, twenty-five of the world's leading AI scientists say not enough is actually being done to protect us from the technology's risks. In an expert consensus paper published today in Science, they outline urgent policy priorities that global leaders should adopt to counteract the threats from AI technologies.

Professor Philip Torr,Department of Engineering Science,University of Oxford, a co-author on the paper, says: "The world agreed during the last AI summit that we needed action, but now it is time to go from vague proposals to concrete commitments. This paper provides many important recommendations for what companies and governments should commit to do."

World's response not on track in face of potentially rapid AI progress 

According to the paper's authors, it is imperative that world leaders take seriously the possibility that highly powerful generalist AI systems -- outperforming human abilities across many critical domains -- will be developed within the current decade or the next. They say that although governments worldwide have been discussing frontier AI and made some attempt at introducing initial guidelines, this is simply incommensurate with the possibility of rapid, transformative progress expected by many experts.

Current research into AI safety is seriously lacking, with only an estimated 1-3% of AI publications concerning safety. Additionally, we have neither the mechanisms or institutions in place to prevent misuse and recklessness, including regarding the use of autonomous systems capable of independently taking actions and pursuing goals.

World-leading AI experts issue call to action

In light of this, an international community of AI pioneers has issued an urgent call to action. The co-authors include Geoffrey Hinton, Andrew Yao, Dawn Song, the late Daniel Kahneman; in total 25 of the world's leading academic experts in AI and its governance. The authors hail from the US, China, EU, UK, and other AI powers, and include Turing award winners, Nobel laureates, and authors of standard AI textbooks.




This article is the first time that such a large and international group of experts have agreed on priorities for global policy makers regarding the risks from advanced AI systems.

Urgent priorities for AI governance

The authors recommend governments to:
    	establish fast-acting, expert institutions for AI oversight and provide these with far greater funding than they are due to receive under almost any current policy plan. As a comparison, the US AI Safety Institute currently has an annual budget of $10 million, while the US Food and Drug Administration (FDA) has a budget of $6.7 billion.
    	mandate much more rigorous risk assessments with enforceable consequences, rather than relying on voluntary or underspecified model evaluations.
    	require AI companies to prioritise safety, and to demonstrate their systems cannot cause harm. This includes using "safety cases" (used for other safety-critical technologies such as aviation) which shifts the burden for demonstrating safety to AI developers.
    	implement mitigation standards commensurate to the risk-levels posed by AI systems. An urgent priority is to set in place policies that automatically trigger when AI hits certain capability milestones. If AI advances rapidly, strict requirements automatically take effect, but if progress slows, the requirements relax accordingly.

According to the authors, for exceptionally capable future AI systems, governments must be prepared to take the lead in regulation. This includes licensing the development of these systems, restricting their autonomy in key societal roles, halting their development and deployment in response to worrying capabilities, mandating access controls, and requiring information security measures robust to state-level hackers, until adequate protections are ready.

AI impacts could be catastrophic

AI is already making rapid progress in critical domains such as hacking, social manipulation, and strategic planning, and may soon pose unprecedented control challenges. To advance undesirable goals, AI systems could gain human trust, acquire resources, and influence key decision-makers. To avoid human intervention, they could be capable of copying their algorithms across global server networks. Large-scale cybercrime, social manipulation, and other harms could escalate rapidly. In open conflict, AI systems could autonomously deploy a variety of weapons, including biological ones. Consequently, there is a very real chance that unchecked AI advancement could culminate in a large-scale loss of life and the biosphere, and the marginalization or extinction of humanity.

Stuart Russell OBE, Professor of Computer Science at the University of California at Berkeley and an author of the world's standard textbook on AI, says: "This is a consensus paper by leading experts, and it calls for strict regulation by governments, not voluntary codes of conduct written by industry. It's time to get serious about advanced AI systems. These are not toys. Increasing their capabilities before we understand how to make them safe is utterly reckless. Companies will complain that it's too hard to satisfy regulations -- that "regulation stifles innovation." That's ridiculous. There are more regulations on sandwich shops than there are on AI companies."
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Decarbonization dynamics: New analysis unveils shifting trends in the voluntary carbon offset market | ScienceDaily
As humanity grapples with the fight against climate change, reducing greenhouse gas emissions is urgently necessary. One way to achieve this is through the carbon offset market, where organizations or individuals can buy credits from emissions-reducing projects.


						
Now, researchers from Kyushu University, Japan, in collaboration with Queensland University of Technology (QUT), Australia, have conducted a worldwide analysis of voluntary carbon offset programs and identified trends into which types of carbon reduction technologies are selected and prioritized. Their findings, published in the journal, Cleaner Environmental Systems, provide important insights for policymakers to improve the effectiveness and credibility of the carbon offset market.

"The carbon offset market is one of the most economically effective means of reducing carbon emissions," says first author Professor Hidemichi Fujii of Kyushu University's Faculty of Economics. "For many companies, becoming more environmentally friendly is an important priority, but reducing their own emissions may not be economically feasible. Instead, by purchasing carbon offsets, organizations can reduce their carbon footprint for a much cheaper price."

Over the last decade, as demand for carbon offset programs has skyrocketed. But until now, there has been no global analysis into which types of programs are established and why.

In this research, Fujii and Professor Shunsuke Managi from Kyushu University and QUT researchers, Dr. Jeremy Webb, Professor Sagadevan Mundree, Professor David Rowlings, Professor Peter Grace, and Professor Clevo Wilson, analyzed more than 7000 carbon offset programs worldwide from 2006-2020, sourcing data from the Voluntary Registry Offsets Database provided by the University of California, Berkeley.

The researchers split the data by region (the Americas; Africa and the Middle East; the Asia-Pacific, and Other regions) and classified each carbon credit project into three categories: renewable energy like wind and solar; forestry and land management including reforestation and deforestation prevention; and other technologies, such as household technologies and waste management.

The researchers then focused on four indicators to track shifts in the voluntary carbon credit market: PRIORITY, which tracks what percentage of the total carbon credits come from each particular project; SCALE, which measures the total credits issued for each project, IMPORTANCE, which is indicated by the number of projects in each category, and ACTIVITY, which is based on the total number of carbon offset programs.




In forestry and land management, issued carbon credits initially increased due to United Nations-led REDD and REDD+ programs, aimed at reducing deforestation in developing countries. However, after 2016, the priority shifted towards projects such as improving the carbon dioxide absorption in forests, mainly in developed countries, like the United States.

"On the one hand, these nature-positive solutions are very important, as they simultaneously address the problem of climate change and biodiversity loss," says Webb and Wilson. "On the other hand, these projects are much harder to monitor and estimate the resulting carbon capture, leaving the system open for abuse. Additionally, leakage can occur, which is when stronger forestry protections in one country can drive deforestation somewhere else."

Webb and Wilson therefore emphasized the importance of establishing a robust regulatory regime and monitoring framework to ensure the effectiveness and credibility of forestry and REDD+ carbon offset programs in the future.

For renewable energy, the researchers found that in recent years, an increase in carbon credits issued was predominantly driven by wind and solar projects, particularly within the Asian-Pacific region.

"Most voluntary carbon credit projects are in India and China, where electricity shortages and coal-related air pollution have incentivized an increase in renewable energy projects like solar and wind," says Fujii. "Furthermore, the falling costs of these technologies has also boosted their priority."

For the category of other technologies, the researchers found a significant increase in priority for household and community carbon offset projects, mainly due to improved cookstove programs in South Asia and Sub-Saharan Africa. These projects reduce CO2 emissions and improve health and convenience, explaining their growing priority.

In future research, the team plans to introduce new factors into the analysis, such as legal factors and energy market factors.

"Changes in energy market prices and the new laws will likely impact the price and amount of carbon credits issued in the future, so it is very important to apply econometric models to determine causality in order to verify the effects of policy implementation" concludes Fujii.
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Robot-phobia could exacerbate hotel, restaurant labor shortage | ScienceDaily
Using more robots to close labor gaps in the hospitality industry may backfire and cause more human workers to quit, according to a Washington State University study.


						
The study, involving more than 620 lodging and food service employees, found that "robot-phobia" -- specifically the fear that robots and technology will take human jobs -- increased workers' job insecurity and stress, leading to greater intentions to leave their jobs. The impact was more pronounced with employees who had real experience working with robotic technology. It also affected managers in addition to frontline workers. The findings were published in theInternational Journal of Contemporary Hospitality Management.

"The turnover rate in the hospitality industry ranks among the highest across all non-farm sectors, so this is an issue that companies need to take seriously," said lead author Bamboo Chen, a hospitality researcher in WSU's Carson College of Business. "The findings seem to be consistent across sectors and across both frontline employees and managers. For everyone, regardless of their position or sector, robot-phobia has a real impact."

Food service and lodging industries were hit particularly hard by the pandemic lockdowns, and many businesses are still struggling to find enough workers. For example, the accommodation workforce in April 2024 was still 9.2% below what it was in February 2020, according to U.S. Bureau of Labor Statistics. The ongoing labor shortage has inspired some employers to turn to robotic technology to fill the gap.

While other studies have focused on customers' comfort with robots, this study focuses on how the technology impacted hospitality workers. Chen and WSU colleague Ruying Cai surveyed 321 lodging and 308 food service employees from across the U.S., asking a range of questions about their jobs and attitudes toward robots. The survey defined "robots" broadly to include a range of robotic and automation technologies, such as human-like robot servers and automated robotic arms as well as self-service kiosks and tabletop devices.

Analyzing the survey data, the researchers found that having a higher degree of robot-phobia was connected to greater feelings of job insecurity and stress -- which were then correlated with "turnover intention" or workers' plans to leave their jobs. Those fears did not decrease with familiarity: employees who had more actual engagement with robotic technology in their daily jobs had higher fears that it would make human workers obsolete.

Perception also played a role. The employees who viewed robots as being more capable and efficient also ranked higher in turnover intention.

Robots and automation can be good ways to help augment service, Chen said, as they can handle tedious tasks humans typically do not like doing such as washing dishes or handling loads of hotel laundry. But the danger comes if the robotic additions cause more human workers to quit. The authors point out this can create a "negative feedback loop" that can make the hospitality labor shortage worse.

Chen recommended that employers communicate not only the benefits but the limitations of the technology -- and place a particular emphasis on the role human workers play.

"When you're introducing a new technology, make sure not to focus just on how good or efficient it will be. Instead, focus on how people and the technology can work together," he said.
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Ukraine war caused migrating eagles to deviate from their usual flight plan, study finds | ScienceDaily
When migrating through Ukraine in 2022, Greater Spotted Eagles were exposed to multiple conflict events that altered their migratory course, according to a study reported on May 20 in the journal Current Biology. Greater Spotted Eagles are large raptors that are classified as a vulnerable species by the International Union for Conservation of Nature (IUCN).


						
"Armed conflicts can have wide-ranging impacts on the environment, including changes in animal behavior," says Charlie Russell of the University of East Anglia, UK. "Our study provides the first quantitative evidence of this, showing how migrating eagles made deviations to avoid conflict events and spent less time refueling at stopover sites. It also indicates that there are potentially many human activities, beyond wars, that likely change or impact animal behavior."

Researchers from The Estonian University of Life Sciences University, British Trust for Ornithology (BTO), and their in-country partners started tagging Greater Spotted Eagles that were breeding in Belarusian Polesia in 2017. Although the eagles are no longer found in most of Europe, Polesia remains a stronghold for the species. The goal was to track the raptors and identify important areas that the species relies on to inform future conservation efforts.

Then, on February 24, 2022, the Russian Federation invaded Ukraine. On March 3, the first of 21 tagged Greater Spotted Eagles crossed into Ukraine on their usual migration. By that time, the conflict had spread from Kyiv and eastern regions to most major cities.

"We did not expect to be following these birds as they migrated through an active conflict zone," Russell says.

While they may not have expected it, the researchers recognized an opportunity to document the effects of human conflict on wildlife. It's clear that such human activities must have major impacts, but the effects are usually hard to quantify, especially in conflict zones.

Using GPS tracking and conflict data, the researchers quantified changes in the eagles' expected behavior. In comparison to earlier and more peaceful years, they found that Greater Spotted Eagles used stopover sites less. Stopover sites are essential places to get food, water, and shelter for migrating birds during their long journeys. The eagles also made large deviations from their earlier routes.




The changes to their migratory behavior patterns delayed their arrival to the breeding grounds and likely increased the energetic costs to the birds in detrimental ways. Although all the tagged birds survived, the researchers suspect their experience may continue to affect them into the breeding period and possibly beyond.

"Similar responses have been recorded for birds residing in military training zones, but these new findings that show an impact for migratory species means that disturbance events can have more far-reaching impacts across many more individuals, over greater distances," says Adham Ashton-Butt of BTO. "The size of the effect on migratory behavior was also quite large, substantial enough to be detected in a relatively small sample size."

The findings serve as an important reminder that the effects of armed conflicts are wide ranging and stretch beyond the immediate humanitarian crisis, the researchers say. As such, they note, post-conflict recovery also should consider the environmental impact on species and whole ecosystems. The findings also raise important questions about how the conflict in Ukraine -- as well as other extreme disturbances caused by humans -- may affect many different species, including hundreds of threatened species and millions of migratory birds.

This work was supported by the Cambridge Conservation Initiative.
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Better medical record-keeping needed to fight antibiotic overuse | ScienceDaily
A lack of detailed record-keeping in clinics and emergency departments may be getting in the way of reducing the inappropriate use of antibiotics, a pair of new studies by a pair of University of Michigan physicians and their colleagues suggests.


						
In one of the studies, about 10% of children and 35% of adults who got an antibiotic prescription during an office visit had no specific reason for the antibiotic in their record.

The rate of this type of prescribing is especially high in adults treated seen in emergency departments and in adults seen in clinics who have Medicaid coverage or no insurance, the studies show. But the issue also occurs in children.

Without information about what drove these inappropriate prescriptions, it will be even harder for clinics, hospitals and health insurers to take steps to ensure that antibiotics are prescribed only when they're really needed, the researchers say.

Overuse and misuse of antibiotics raise the risk that bacteria will evolve to resist the drugs and make them less useful for everyone. Inappropriately prescribed antibiotics may also end up doing more harm than good to patients.

"When clinicians don't record why they are prescribing antibiotics, it makes it difficult to estimate how many of those prescriptions are truly inappropriate, and to focus on reducing inappropriate prescribing," said Joseph Ladines-Lim, M.D., Ph.D., first author of both of the new studies and a combined internal medicine/pediatrics resident at Michigan Medicine, U-M's academic medical center.

"Our studies help contextualize the estimates of inappropriate prescribing that have been published previously," he added. "Those estimates don't distinguish between antibiotic prescriptions that are considered inappropriate due to inadequate coding and antibiotic prescriptions truly prescribed for a condition that they can't treat."

Ladines-Lim worked with U-M pediatrician and health care researcher Kao-Ping Chua, M.D., Ph.D., on the new studies. The one on outpatient prescribing by insurance status is in the Journal of General Internal Medicine and the one on trends in emergency department prescribing is in Antimicrobial Stewardship and Healthcare Epidemiology. 




Building on previous research

Chua and colleagues recently published findings about trends in inappropriate antibiotic prescribing in outpatients under age 65, suggesting about 25% were inappropriate. But that number includes antibiotic prescriptions written for infectious conditions that antibiotics don't help, such as colds, and antibiotic prescriptions that aren't associated with any diagnoses that could be a plausible antibiotic indication.

The new studies add more nuance to that finding, by looking more closely at these two different types of inappropriate prescriptions.

Most antibiotic stewardship efforts to date have focused on reducing the use of the first type of inappropriate prescription -- those written for infectious but antibiotic-inappropriate conditions like colds. The new studies show such patients still account for 9% to 22% of all antibiotic prescriptions, depending on the setting and age group.

But since doctors and other prescribers aren't required to run a test for a bacterial infection or list a specific diagnosis in order to prescribe antibiotics, symptoms provide potential clues to why they might have written a prescription anyway.

So some of those 9% to 22% of all people receiving antibiotics may have also had a secondary bacterial infection that the clinician suspected based on symptoms.




However, it's impossible to know.

As for those with no infection-related diagnoses or symptoms in their records who got antibiotics, the researchers suggest that clinicians may not have bothered to add these diagnoses or symptoms to the patient record inadvertently -- or even deliberately, to try to avoid the scrutiny of antibiotic watchdogs.

But the researchers also speculate that the lower rate of diagnosis documentation in patients in the healthcare safety net may also have to do with the way healthcare organizations are reimbursed.

Often, clinics and hospitals receive a fixed amount from Medicaid to care for all their patients with that type of coverage. So they aren't incentivized to create records that are as detailed as for privately insured patients, whose care traditionally is reimbursed under a fee-for-service model.

"This could actually be a matter of health equity if people with low incomes or no insurance are being treated differently when it comes to antibiotics," says Ladines-Lim, who has also studied antibiotic use related to immigrant and asylum-seeker health and will soon begin a fellowship in infectious diseases.

He said that private and public insurers, and health systems, may need to incentivize accurate diagnosis coding for antibiotic prescriptions -- or at least make it easier for providers to document why they're giving them.

That might even include steps such as requiring providers to record the reason for antibiotic prescribing before prescriptions can be sent to pharmacies through electronic health record systems.

After all, Ladines-Lim said, physicians often have to list a diagnosis that justifies tests they order, such as CT scans or x-rays. With antibiotic resistance posing an international threat to patients who have antibiotic-susceptible conditions, similar steps to justify prescriptions of antibiotics might be advisable.

In addition to Ladines-Lim and Chua, the other authors of the two articles are Michael A. Fischer, M.D., M.S. of Boston Medical Center and Boston University, and Jeffrey A. Linder, M.D., M.P.H. of Northwestern University Feinberg School of Medicine.

The research was funded by a Resident Research Grant from the American Academy of Pediatrics, a Physician Investigator Award from Blue Cross Blue Shield Foundation of Michigan, and a Research Grant from the National Med-Peds Residents' Association.
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Global life expectancy to increase by nearly 5 years by 2050 despite geopolitical, metabolic, and environmental threats | ScienceDaily
The latest findings from the Global Burden of Disease Study (GBD) 2021, published today in The Lancet, forecast that global life expectancy will increase by 4.9 years in males and 4.2 years in females between 2022 and 2050.


						
Increases are expected to be largest in countries where life expectancy is lower, contributing to a convergence of increased life expectancy across geographies. The trend is largely driven by public health measures that have prevented and improved survival rates from cardiovascular diseases, COVID-19, and a range of communicable, maternal, neonatal, and nutritional diseases (CMNNs).

This study indicates that the ongoing shift in disease burden to non-communicable diseases (NCDs) -- like cardiovascular diseases, cancer, chronic obstructive pulmonary disease, and diabetes -- and exposure to NCD-associated risk factors -- such as obesity, high blood pressure, non-optimal diet, and smoking -- will have the greatest impact on disease burden of the next generation.

As the disease burden continues to shift from CMNNs to NCDs and from years of life lost (YLLs) to years lived with disability (YLDs), more people are expected to live longer, but with more years spent in poor health. Global life expectancy is forecasted to increase from 73.6 years of age in 2022 to 78.1 years of age in 2050 (a 4.5-year increase). Global healthy life expectancy (HALE) -- the average number of years a person can expect to live in good health -- will increase from 64.8 years in 2022 to 67.4 years in 2050 (a 2.6-year increase).

To come to these conclusions, the study forecasts cause-specific mortality; YLLs; YLDs; disability-adjusted life years (DALYs, or lost years of healthy life due to poor health and early death); life expectancy; and HALE from 2022 through 2050 for 204 countries and territories.

"In addition to an increase in life expectancy overall, we have found that the disparity in life expectancy across geographies will lessen," said Dr. Chris Murray, Chair of Health Metrics Sciences at the University of Washington and Director of the Institute for Health Metrics and Evaluation (IHME). "This is an indicator that while health inequalities between the highest- and lowest-income regions will remain, the gaps are shrinking, with the biggest increases anticipated in sub-Saharan Africa."

Dr. Murray added that the biggest opportunity to speed up reductions in the global disease burden is through policy interventions aimed to prevent and mitigate behavioral and metabolic risk factors.




These findings build upon the results of the GBD 2021 risk factors study, also released today in The Lancet. This accompanying study found that the total number of years lost due to poor health and early death (measured in DALYs) attributable to metabolic risk factors has increased by 50% since 2000. Read more on the risk factors report at https://bit.ly/GBDRisks2021.

The study also puts forth various alternative scenarios to compare the potential health outcomes if different public health interventions could eliminate exposure to several key risk factor groups by 2050.

"We forecast large differences in global DALY burden between different alternative scenarios to see what is the most impactful on our overall life expectancy data and DALY forecasts," said Dr. Stein Emil Vollset, first author of the study who leads the GBD Collaborating Unit at the Norwegian Institute of Public Health. "Globally, the forecasted effects are strongest for the 'Improved Behavioral and Metabolic Risks' scenario, with a 13.3% reduction in disease burden (number of DALYs) in 2050 compared with the 'Reference' (most likely) scenario."

The authors also ran two more scenarios: one focused on safer environments and another on improved childhood nutrition and vaccination.

"Though the largest effects in global DALY burden were seen from the 'Improved Behavioral and Metabolic Risk' scenario, we also forecasted reductions in disease burden from the 'Safer Environment' and 'Improved Childhood Nutrition and Vaccination' scenarios beyond our reference forecast, said Amanda E. Smith, Assistant Director of Forecasting at IHME. "This demonstrates the need for continued progress and resources in these areas and the potential to accelerate progress through 2050."

"There is immense opportunity ahead for us to influence the future of global health by getting ahead of these rising metabolic and dietary risk factors, particularly those related to behavioral and lifestyle factors like high blood sugar, high body mass index, and high blood pressure," continued Dr. Murray.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240517164149.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Differing values of nature can still lead to joined up goals for sustainability | ScienceDaily
Recognising and respecting the different ways nature is valued can enable better environmental decision-making, according to new research led by the University of East Anglia (UEA).


						
International agreements such as the Sustainable Development Goals represent wide support for a sustainable future, living within planetary boundaries and ensuring a safer future for current and next generations.

However, there remain huge disagreements about how to advance such goals, often resulting in marginalisation, conflict and inaction.

The paper, published in the journal One Earth, examines the basis for this disagreement, reviewing four competing but well-established potential approaches towards resolving current environmental crises: Nature Protection; Green Economy; Earth Stewardship and Biocultural Diversity; and Degrowth and Post-growth.

One of the key findings is that there are clear differences in the way they value nature. In particular, Nature Protection tends to prioritise the intrinsic value of nature or 'nature for itself', while Green Economy tends to prioritise instrumental values of nature or 'nature for society'.

Earth Stewardship and Biocultural Diversity recognise these values but also stress relational values of nature or 'nature as society'; and Degrowth straddles these types of values, prioritising sufficiency and redistribution.

The international team of researchers finds that these different approaches to valuing nature are critical distinguishing features of such strategies, but also help to explain why compromise between them is often difficult.




Lead author Adrian Martin, Professor of Environment and Development at UEA's School of Global Development, said: "There is a tendency not to be receptive to ideas that come from other pathways, making it hard to build the massive movement that is needed for transformation to solve the climate and biodiversity crises.

"However, the act of revealing this basis for disagreement also helps us to move forwards. It helps point the way towards a more inclusive and potentially more transformative environmentalism, recognising and respecting plural values of nature."

The paper suggests three ways in which this can happen. Firstly, through ways of working that make plural values of nature visible and usable for decision-making; secondly by reforming relevant institutions, such as systems of laws, land tenure and economic incentives, to ensure that these plural values can be embedded in practice; and thirdly to address the power imbalances that underpin the current domination of the green economy pathway, involving, for example, the mobilization of civil rights movements.

"In this study we reveal the role that values play in underpinning different perspectives about how best to achieve sustainability and justice," added Prof Martin. "We already knew that the environmental movement is fragmented but now we have a better understanding of why that is so entrenched.

"More importantly, we have the basis for better mutual understanding based on greater transparency about values and ways of working that respect the diversity of ways of valuing nature. Our hope is that this can support more inclusive and better environmental decision-making."
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Can we revolutionize the chemical industry and create a circular economy? Yes, with the help of catalysts | ScienceDaily
The chemical industry is a cornerstone of global development, driving innovation, and providing essential products that support our modern way of life.


						
However, its reliance on unsustainable fossil resources has posed significant threats to global ecosystems through climate change and chemical pollution.

A new commentary published in Cell Press' One Earth co-authored by Griffith University researchers puts forth a transformative solution: catalysis to leverage sustainable waste resources, ushering the industry from a linear to a circular economy.

"If we look at recent statistics, the chemical industry contributes a staggering US$5.7 trillion to the global economy and sustains 150 million jobs worldwide, excluding refined fossil fuels," said Professor Karen Wilson, one of the lead authors and Director of Griffith's Centre for Catalysis and Clean Energy.

"But it remains the largest industrial energy consumer and the third-largest emitter of direct CO2 emissions globally."

In 2022, the industry emitted 935 million metric tons of CO2 during primary chemicals production. Moreover, its operations have led to significant water contamination and the release of toxic chemicals into the environment, perpetuating a cycle of ecological harm.

Co-lead author Professor Adam Lee, also based at Griffith, said: "Catalytic processes could minimise reliance on finite fossil fuels and curb CO2 emissions significantly by harnessing agricultural, municipal, and plastic waste as feedstocks.




"This feedstock transition not only mitigates environmental damage but also addresses vulnerabilities in the industry's supply chain, which are susceptible to geopolitical and natural disruptions."

Professor Wilson added: "Catalysis has historically played a key role in transforming fossil resources into essential fuels and products, and now offers a beacon of hope for revolutionising the chemical industry and promoting a circular economy."

However, the authors acknowledge that this vision demands concerted innovation in catalyst formulation and process integration.

"Prioritising Earth-abundant elements over precious metals will unlock sustainable catalytic systems for the efficient conversion of organic waste into benign and recyclable products," Professor Wilson said.

"Already, pioneering initiatives such as the co-location of different industries in Kalundborg, Denmark to foster symbiosis have demonstrated new collaborative models to improve resource efficiency and waste reduction."

"Catalysis offers a pathway towards sustainability, enabling us to transform waste into valuable resources and pave the way for a circular economy," Professor Lee added.




In the OneEarth commentary, the team explored sources of catalysis for sustainable and circular chemical processes through the following lenses:
    	    Catalysis to enable waste biomass utilisation
    
    	    Catalysis for circular polymers
    
    	    Catalysis to remediate chemical pollution
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Under stress, an observer is more likely to help the victim than to punish the perpetrator | ScienceDaily
Being stressed while witnessing injustice may push your brain towards altruism, according to a study published on May 14 in the open-access journal PLOS Biology by Huagen Wang from Beijing Normal University, China, and colleagues.


						
It takes more cognitive effort to punish others than it does to help them. Studies show that when witnessing an act of injustice while stressed, people tend to behave selflessly, preferring to help the victim than to punish the offender. This aligns with theories proposing that distinct brain networks drive intuitive, fast decisions and deliberate, slow decisions, but precisely how a bystander's brain makes the trade-off between helping and punishing others in stressful situations is unclear.

To better understand the neural processes driving third-party intervention in the face of injustice, Wang and colleagues recruited 52 participants to complete a simulated third-party intervention task in an fMRI (functional magnetic resonance imaging) scanner, where they watched someone decide how to distribute an endowment of cash between themself and another character, who had to passively accept the proposal. The participant then decided whether to take money away from the first character, or give money to the second. Roughly half of these participants submerged their hands in ice water for three minutes right before starting the task to induce stress.

Acute stress affected decision-making in extremely unfair situations, where the participant witnessed someone keep the vast majority of the cash they were supposed to split with someone else. The researchers observed higher dorsolateral prefrontal cortex (DLPFC) activation -- a brain region typically linked to mentalizing and decision-making -- when stressed participants chose to punish an offender. Computational modeling revealed that acute stress reduces bias towards punishment, raising the likelihood that someone will help a victim instead.

The authors state that their findings suggest that punishing others requires more deliberation, cognitive control, and reliance on calculations than helping a victim. These results align with a growing body of evidence suggesting that stressed individuals tend to act more cooperatively and generously, perhaps because people devote more of their cognitive resources towards deciding how to help the victim, rather than punishing the offender.

The authors add, "Acute stress shifts third-party intervention from punishing the perpetrator to helping the victim."
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        Planet hunters unveil massive catalog of strange worlds
        While thousands of planets have been discovered around other stars, relatively little is known about them. A NASA catalog featuring 126 exotic, newly discovered worlds includes detailed measurements that allow for comparisons with our own solar system.

      

      
        Potentially habitable 'exo-Venus' with Earth-like temperature discovered
        Astronomers have made the rare and tantalizing discovery of an Earth-like exoplanet 40 light-years away that may be just a little warmer than our own world. The potentially-habitable planet, named Gliese 12 b, orbits its host star every 12.8 days, is comparable in size to Venus -- so slightly smaller than Earth -- and has an estimated surface temperature of 42 C (107 F), which is lower than most of the 5,000-odd exoplanets confirmed so far. That is assuming it has no atmosphere, however, which is...

      

      
        Foraging ants navigate more efficiently when given energy-drink-like doses of caffeine
        Ants who receive a caffeine-laced sugary reward become more efficient at navigating back to the reward's location compared to ants that only receive sugar. Caffeinated ants move toward the reward via a more direct path but do not increase their speed, suggesting that caffeine improved their ability to learn. The study was conducted on Argentine ants (Linepithema humile), a globally invasive species, and the researchers say that incorporating caffeine into ant baits could aid efforts to control th...

      

      
        Australian study proves 'humans are planet's most frightening predator'
        A new study demonstrates that kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator.

      

      
        New AI accurately predicts fly behavior
        Researchers trained an AI model to accurately predict male fruit flies' courtship behavior in response to any sight of a female. This breakthrough offers new insight into how the brain processes visual data and may someday pave the way for artificial vision technology.

      

      
        Strings that can vibrate forever (kind of)
        Researchers have engineered string-like resonators capable of vibrating longer at ambient temperature than any previously known solid-state object -- approaching what is currently only achievable near absolute zero temperatures. Their study pushes the edge of nanotechnology and machine learning to make some of the world's most sensitive mechanical sensors.

      

      
        'Fossilizing' cracks in infrastructure creates sealing that can even survive earthquakes
        In a new study, a team of researchers used research on fossilizing techniques to create a new method for sealing cracks and fractures in rocks and bedrock using a 'concretion-forming resin'. This innovative technique has applications in a wide range of industries, from tunnel construction to long-term underground storage of hazardous materials.

      

      
        Cuddled cows who work as therapy animals showed a strong preference for women compared to men, study finds
        A new study reveals that cows who are cuddled as therapy animals showed a strong preference for interactions with women when compared to men. In turn, the research, which opens a new era on whether some therapies may be initially stronger based upon gender and not procedure, highlighted that the women also reported greater attachment behaviors towards the steers.

      

      
        Study finds widespread 'cell cannibalism,' related phenomena across tree of life
        Researchers describe cell-in-cell phenomena in which one cell engulfs and sometimes consumes another. The study shows that cases of this behavior, including cell cannibalism, are widespread across the tree of life. The findings challenge the common perception that cell-in-cell events are largely restricted to cancer cells. Rather, these events appear to be common across diverse organisms, from single-celled amoebas to complex multicellular animals.

      

      
        Alaska's rusting waters: Pristine rivers and streams turning orange
        Dozens of Alaska's rivers and streams are turning orange. The staining could be the result of minerals exposed by thawing permafrost and climate change, finds a new study.

      

      
        Detecting odors on the edge: Researchers decipher how insects smell more with less
        While humans feature a sophisticated sense of smell, insects have a much more basic olfactory system. Yet they depend upon smell to survive. Scientists have figured out how fruit flies use a simple but efficient system to recognize odors, and the answer lies at the edges of their antennae.

      

      
        Complete Stellar Collapse: Unusual star system proves that stars can die quietly
        University of Copenhagen astrophysicists help explain a mysterious phenomenon, whereby stars suddenly vanish from the night sky. Their study of an unusual binary star system has resulted in convincing evidence that massive stars can completely collapse and become black holes without a supernova explosion.

      

      
        3D printing robot creates extreme shock-absorbing shape, with help of AI
        See how an autonomous robot created a shock-absorbing shape no human ever could -- and what it means for designing safer helmets, packaging, car bumpers, and more.

      

      
        Researchers discover hidden step in dinosaur feather evolution
        Scientists discover 'zoned development' in dinosaur skin, with zones of reptile-style scales and zones of bird-like skin with feathers. A new dinosaur skin fossil has been found to be composed of silica -- the same as glass.

      

      
        Webb Telescope offers first glimpse of an exoplanet's interior
        A surprisingly low amount of methane and a super-sized core hide within the cotton candy -- like planet WASP-107 b.

      

      
        2D materials: A catalyst for future quantum technologies
        Researchers have discovered that a 'single atomic defect' in a layered 2D material can hold onto quantum information for microseconds at room temperature. This underscores the broader potential of 2D materials in advancing quantum technologies.

      

      
        Physicists propose path to faster, more flexible robots
        Physicists revealed a microscopic phenomenon that could greatly improve the performance of soft devices, such as agile flexible robots or microscopic capsules for drug delivery.

      

      
        Diamond glitter: A play of colors with artificial DNA crystals
        Using DNA origami, researchers have built a diamond lattice with a periodicity of hundreds of nanometers -- a new approach for manufacturing semiconductors for visible light.

      

      
        Ancient arachnid from coal forests of America stands out for its spiny legs
        The spiny legged 308-million-year-old arachnid Douglassarachne acanthopoda was discovered the famous Mazon Creek locality.

      

      
        Otters, especially females, use tools to survive a changing world
        Sea otters are one of the few animals that use tools to access their food, and a new study has found that individual sea otters that use tools -- most of whom are female -- are able to eat larger prey and reduce tooth damage when their preferred prey becomes depleted.

      

      
        How neighboring whale families learn each other's vocal style
        Researchers have developed a method to investigate sperm whale communication by determining their vocal style, finding that groups living in close proximity can develop similar styles to each other.
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Planet hunters unveil massive catalog of strange worlds | ScienceDaily
While thousands of planets have been discovered around other stars, relatively little is known about them. A NASA catalog featuring 126 exotic, newly discovered worlds includes detailed measurements that allow for comparisons with our own solar system.


						
The catalog details a fascinating mix of planet types beyond our solar system, from rare worlds with extreme environments to ones that could possibly support life.

The planets were analyzed by a large, international team of scientists using NASA's Transiting Exoplanet Survey Satellite (TESS) in collaboration with the W.M. Keck Observatory on Maunakea, Hawai'i. They are described in today's edition of The Astrophysical Journal Supplement.

"Relatively few of the previously known exoplanets have a measurement of both the mass and the radius. The combination of these measurements tell us what the planets could be made of and how they formed," said Stephen Kane, UC Riverside astrophysicist and principal investigator of the TESS-Keck Survey.

"With this information, we can begin to answer questions about where our solar system fits in to the grand tapestry of other planetary systems," Kane said.

The research team spent three years developing the catalog. They analyzed more than 13,000 radial velocity (RV) measurements to calculate the masses of 120 confirmed planets, plus six candidate planets, spread out over the northern sky.

Though the planets themselves aren't visible, they do have a visible effect. As they orbit, the planets tug on their host stars, causing them to "wobble." When the star moves toward a telescope, its visible light turns slightly bluer; when it moves away from us, the light shifts slightly redder.




This is much like how sound behaves. Due to the Doppler effect, a fire truck's siren gets higher-pitched as it travels closer and sounds lower-pitched as it drives farther away.

"These RV measurements let astronomers detect and learn the properties of these exoplanetary systems. When we see a star wobbling regularly back and forth, we can infer the presence of an orbiting planet and measure the planet's mass," said Ian Crossfield, University of Kansas astrophysicist and catalog co-author.

Several planets in the TESS-Keck Survey stand out as touchstones for deepening astronomers' understanding of the diverse ways planets form and evolve.

A related survey paper authored by UCR graduate student Michelle Hill announces the discovery of two new planets orbiting a star like our sun. The first is a "sub-Saturn" planet with a mass and radius that are between those of Neptune and Saturn.

"There is ongoing debate about whether sub-Saturn planets are truly rare, or if we are just bad at finding planets like these," Hill said. "So, this planet, TOI-1386 b, is an important addition to this demographic of planets."

TOI-1386 b only takes 26 days to orbit its star. Meanwhile its neighbor, a planet with a mass close to that of Saturn, takes 227-days to orbit the same star.




Another survey paper authored by UCR graduate student Daria Pidhorodetska describes a planet about half the size of Neptune that takes a mere 19 days to orbit its star, which is much like our Sun.

"Planets smaller than Neptune but larger than Earth are the most prevalent worlds in our galaxy, yet they are absent from our own Solar System. Each time a new one is discovered, we are reminded of how diverse our Universe is, and that our existence in the cosmos may be more unique than we can understand," Pidhorodetska said.

There are a lot of stars that are not similar to our sun. If scientists want to make apt comparisons between our world and others, they need to find stars of a similar age, size, and mass. "Then we can do apples-to-apples comparisons," Kane said. "That's the exciting part of the papers produced by Michelle and Daria, because they allow for this."

Planets with even more extreme, ultra-short orbits around stars unlike our sun are also detailed in the catalog. One is so close to its orange dwarf star it completes orbit in less than 12 hours.

"TOI-1798 c orbits its star so quickly that one year on this planet lasts less than half a day on Earth. Because of their proximity to their host stars, planets like this one are also ultra hot -- receiving more than 3,000 times the radiation that Earth receives from the sun," said Alex Polanski, University of Kansas physics and astronomy graduate student and lead author of the catalog paper.

"Existing in this extreme environment means that this planet has likely lost any atmosphere that it initially formed," Polanski said.

Ultimately, this new catalog represents a major contribution both to NASA's TESS mission, and toward answering the question of whether other planets are capable of hosting life as we know it.

"Are we unusual? The jury is still out on that one, but our new mass catalog represents a major step toward answering that question," Kane said.
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Potentially habitable 'exo-Venus' with Earth-like temperature discovered | ScienceDaily
Astronomers have made the rare and tantalising discovery of an Earth-like exoplanet 40 light-years away that may be just a little warmer than our own world.


						
The potentially-habitable planet, named Gliese 12 b, orbits its host star every 12.8 days, is comparable in size to Venus -- so slightly smaller than Earth -- and has an estimated surface temperature of 42degC (107degF), which is lower than most of the 5,000-odd exoplanets confirmed so far.

That is assuming it has no atmosphere, however, which is the crucial next step to establishing if it is habitable.

It may have an Earth-like atmosphere, one more akin to Venus -- which experienced a runaway greenhouse effect that made it a 400degC (752degF) hellhole -- no atmosphere, or perhaps a different kind of atmosphere not found in our solar system.

Getting an answer is vital because it would reveal if Gliese 12 b can maintain temperatures suitable for liquid water -- and possibly life -- to exist on its surface, while also unlocking answers about how and why Earth and Venus evolved so differently.

Gliese 12 b is by no means the first Earth-like exoplanet to have been discovered, but as NASA has said, there are only a handful of worlds like it that warrant a closer look.

It has been billed as "the nearest, transiting, temperate, Earth-size world located to date" and a potential target for further investigation by the US space agency's PS7.5billion James Webb Space Telescope.




The closest Earth-like exoplanet to us -- and possibly the most famous -- is Proxima Centauri b, which is only 4 light-years away. However, because it is not a transiting world we still have a lot to learn about it, including whether it has an atmosphere and the potential to harbour life.

Most exoplanets are discovered using the transit method, where a planet passes in front of its star from our point of view, causing a dip in the host star's brightness.

During a transit, the star's light also passes through an exoplanet's atmosphere and some wavelengths get absorbed. Different gas molecules absorb different colours, so the transit provides a set of chemical fingerprints that can be detected by telescopes like Webb.

Gliese 12 b could also be significant because it may help reveal whether the majority of stars in our Milky Way galaxy -- i.e. cool stars -- are capable of hosting temperate planets that have atmospheres and are therefore habitable.

The discovery of the 'exo-Venus', by two international teams of astronomers, has been published today in the Monthly Notices of the Royal Astronomical Society.

It orbits a cool red dwarf star called Gliese 12, which is almost 40 light-years away from Earth in the constellation Pisces.




"Gliese 12 b represents one of the best targets to study whether Earth-size planets orbiting cool stars can retain their atmospheres, a crucial step to advance our understanding of habitability on planets across our galaxy," said Shishir Dholakia, a doctoral student at the Centre for Astrophysics at the University of Southern Queensland in Australia.

He co-led a research team with Larissa Palethorpe, a doctoral student at the University of Edinburgh and University College London.

The exoplanet's host star is about 27 per cent of the size of our Sun and has a surface temperature that is around 60 per cent of our own star.

However, the distance separating Gliese 12 and the new planet is just 7 per cent of the distance between Earth and the Sun. Gliese 12 b therefore receives 1.6 times more energy from its star as Earth does from the Sun and about 85 per cent of what Venus experiences.

This difference in solar radiation is important because it means the planet's surface temperature is highly dependent on its atmospheric conditions. As a comparison to Gliese 12 b's estimated surface temperature of 42degC (107degF), Earth has an average surface temperature of 15degC (59degF).

"Atmospheres trap heat and -- depending on the type -- can change the actual surface temperature substantially," Dholakia explained. "We are quoting the planet's 'equilibrium temperature', which is the temperature the planet would be if it had no atmosphere.

"Much of the scientific value of this planet is to understand what kind of atmosphere it could have. Since Gliese 12 b gets in between the amount of light as Earth and Venus get from the Sun, it will be valuable for bridging the gap between these two planets in our solar system."

Palethorpe added: "It is thought that Earth's and Venus's first atmospheres were stripped away and then replenished by volcanic outgassing and bombardments from residual material in the solar system.

"The Earth is habitable, but Venus is not due to its complete loss of water. Because Gliese 12 b is between Earth and Venus in temperature, its atmosphere could teach us a lot about the habitability pathways planets take as they develop."

The researchers, along with another team in Tokyo, used observations by NASA's TESS (Transiting Exoplanet Survey Satellite) to help make their discovery.

"We've found the nearest, transiting, temperate, Earth-size world located to date," said Masayuki Kuzuhara, a project assistant professor at the Astrobiology Center in Tokyo, who co-led a research team with Akihiko Fukui, a project assistant professor at the University of Tokyo.

"Although we don't yet know whether it possesses an atmosphere, we've been thinking of it as an exo-Venus, with similar size and energy received from its star as our planetary neighbour in the solar system."

An important factor in retaining an atmosphere is the storminess of its star. Red dwarfs tend to be magnetically active, resulting in frequent, powerful X-ray flares.

However, analyses by both teams conclude that Gliese 12 shows no signs of such extreme behaviour, raising hopes that Gliese 12 b's atmosphere may still be intact.

"We know of only a handful of temperate planets similar to Earth that are both close enough to us and meet other criteria needed for this kind of study, called transmission spectroscopy, using current facilities," said Michael McElwain, a research astrophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and a co-author of the Kuzuhara and Fukui paper.

"To better understand the diversity of atmospheres and evolutionary outcomes for these planets, we need more examples like Gliese 12 b."

At 40 light-years from Earth, Gliese 12 b is about the same distance as the TRAPPIST-1 system.

This is made up of seven planets, all roughly in Earth's size range and likely rocky, orbiting a red dwarf star.

Three of these are in the habitable zone but at least two -- and probably all of them -- have no atmosphere and are likely barren, dismissing hopes when they were first discovered eight years ago that they could be water worlds hosting life.
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Foraging ants navigate more efficiently when given energy-drink-like doses of caffeine | ScienceDaily
Ants who receive a caffeine-laced sugary reward become more efficient at navigating back to the reward's location compared to ants that only receive sugar. Researchers report on May 23 in the journal iScience that caffeinated ants move toward the reward via a more direct path but do not increase their speed, suggesting that caffeine improved their ability to learn. The study was conducted on Argentine ants (Linepithema humile), a globally invasive species, and the researchers say that incorporating caffeine into ant baits could aid efforts to control the ants by improving bait uptake.


						
"The idea with this project was to find some cognitive way of getting the ants to consume more of the poisonous baits we put in the field," says the first author and doctoral researcher Henrique Galante, a computational biologist at the University of Regensburg. "We found that intermediate doses of caffeine actually boost learning -- when you give them a bit of caffeine, it pushes them into having straighter paths and being able to reach the reward faster."

Argentine ants are one of the most ecologically harLmful and costly invasive species worldwide. Control efforts, which focus on using poisonous baits, have proven ineffective, likely due to low bait uptake and bait abandonment. The researchers wanted to test whether using caffeine, which has been shown to improve learning in honeybees and bumblebees, might improve the ants' ability to learn the bait location and guide their nestmates back there.

"We're trying to make them better at finding these baits, because the faster they go and come back to them, the more pheromone trails they lay, the more ants will come, and, therefore, the faster they will spread the poison in the colony before they realize it's poison," says Galante.

In the lab, the researchers tested whether different concentrations of caffeine would impact the ants' ability to locate and relocate a sugary reward. The ants walked down a Lego drawbridge onto a testing platform -- an A4 sheet of paper overlaying an acrylic surface -- on which the researchers had placed a drop of sucrose solution laced with 0, 25 ppm, 250 ppm, or 2,000 ppm of caffeine.

"The lowest dose we used is what you find in natural plants, the intermediate dose is similar to what you would find in some energy drinks, and the highest amount is set to be the LD50 of bees -- where half the bees fed this dose die -- so it's likely to be quite toxic for them," says Galante.

The researchers used an automated tracking system to monitor how fast the ants traveled to and from the reward and the directness of their route. Overall, they tested 142 ants, and each ant was tested four times. The ants were given the opportunity to offload the food they had collected in between trials, and researchers also removed and replaced the piece of paper so that the ants would not be able to follow their own pheromone trail back to the reward location.




Without caffeine, the ants did not learn to navigate to the reward location more quickly on subsequent foraging trips, suggesting that they had not successfully committed its location to memory. However, ants whose sugary reward contained low or intermediate doses of caffeine became more efficient at relocating the reward. Foraging time dropped by 28% per visit for ants that received 25 ppm of caffeine and by 38% per visit for ants that received 250 ppm of caffeine, meaning that if an ant took 300 s in its first visit, by the final trial, it would be expected to take 113 s at the low caffeine dose and 54 s at the intermediate dose. This effect was not seen at the highest caffeine dose.

The researchers showed that caffeine lowered the ants' foraging times by making them more efficient, not by making them speedier. There was no effect of caffeine on the ants' pace at any dosage, but ants that received low to intermediate doses of caffeine trips traveled by less tortuous paths.

"What we see is that they're not moving faster, they're just being more focused on where they're going," says Galante. "This suggests that they know where they want to go, therefore, they have learned the locations of the reward."

Caffeine had no impact on the ants' homing ability (how efficiently they traveled back to the nest), though their paths home became less winding with each trip regardless of caffeine.

The researchers are optimistic that caffeine could help efforts to control Argentine ants, but further research is needed first. They're currently testing caffeine-laced baits in a more naturalistic field setting in Spain and also plan to investigate whether there is any interaction between caffeine and the bait poison.

This research was supported by the European Research Council, the Deutsche Forschungsgemeinschaft, and the University of Regensburg
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Australian study proves 'humans are planet's most frightening predator' | ScienceDaily
Australia lacks fearsome large carnivores like lions and wolves, and the relative lack of fear that marsupials like kangaroos and wallabies show to dogs (and other introduced carnivores) has been attributed to a lack of evolutionary experience with large mammalian predators. This, however, overlooks the 50,000-year-long presence in Australia of the world's most fearsome predator -- the human 'super predator.'


						
A new study conducted by Western University biology professor Liana Zanette, in collaboration with Calum Cunningham and Chris Johnson from the University of Tasmania, demonstrates kangaroos, wallabies and other Australian marsupials fear humans far more than any other predator. Findings of the study, were published May 21 in the journal Proceedings of the Royal Society B.

These results greatly strengthen findings from similar studies by Zanette and her collaborators, and others, conducted in North America, Europe, Africa and Asia, which show wildlife worldwide fear the human 'super predator' far more than lions, leopards, cougars, bears, wolves or dogs.

For this new study, Zanette and her colleagues worked in the eucalypt forest in Tasmania and experimentally demonstrated that kangaroos, wallabies and other marsupials were 2.4 times more likely to flee in response to hearing human voices compared to hearing dogs, Tasmanian devils or wolves. Every species in the marsupial community, moreover, demonstrated the same pattern, being roughly twice as likely to flee from humans as the next most frightening predator, which in each case was dogs, and all were most vigilant to humans.

"These results greatly expand the growing experimental evidence that wildlife worldwide perceive humans as the planet's most frightening predator," said Zanette, a renowned wildlife ecologist. "The very substantial fear of humans demonstrated here, and in comparable recent experiments, can be expected to have dramatic ecological consequences, because other new research has established that fear itself can reduce wildlife numbers, and fear of humans can cause cascading impacts on multiple species throughout entire landscapes."

To conduct their experiment, the team deployed hidden automated camera-speaker systems that, when triggered by an animal passing within a short distance (approximately 10 meters, or 30 feet), filmed the response to humans speaking calmly, dogs barking, Tasmanian devils snarling, wolves howling or non-threatening controls, such as sheep bleating.

"Global surveys show humans kill prey at much higher rates than other predators, making humans a 'super predator,' and the profound fear of humans being revealed in wildlife everywhere is wholly consistent with humanity's unique lethality," said Zanette. "Humans are 'the invisible killer' insofar as we do not often think of ourselves as a major predator, let alone the most dangerous, but wildlife clearly think differently -- and recognize us for what we are."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240522130457.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New AI accurately predicts fly behavior | ScienceDaily
We've been told, "The eyes are the window to the soul." Well, windows work two ways. Our eyes are also our windows to the world. What we see and how we see it help determine how we move through the world. In other words, our vision helps guide our actions, including social behaviors. Now, a young Cold Spring Harbor Laboratory (CSHL) scientist has uncovered a major clue into how this works. He did it by building a special AI model of the common fruit fly brain.


						
CSHL Assistant Professor Benjamin Cowley and his team honed their AI model through a technique they developed called "knockout training." First, they recorded a male fruit fly's courtship behavior -- chasing and singing to a female. Next, they genetically silenced specific types of visual neurons in the male fly and trained their AI to detect any changes in behavior. By repeating this process with many different visual neuron types, they were able to get the AI to accurately predict how the real fruit fly would act in response to any sight of the female.

"We can actually predict neural activity computationally and ask how specific neurons contribute to behavior," Cowley says. "This is something we couldn't do before."

With their new AI, Cowley's team discovered that the fruit fly brain uses a "population code" to process visual data. Instead of one neuron type linking each visual feature to one action, as previously assumed, many combinations of neurons were needed to sculpt behavior. A chart of these neural pathways looks like an incredibly complex subway map and will take years to decipher. Still, it gets us where we need to go. It enables Cowley's AI to predict how a real-life fruit fly will behave when presented with visual stimuli.

Does this mean AI could someday predict human behavior? Not so fast. Fruit fly brains contain about 100,000 neurons. The human brain has almost 100 billion.

"This is what it's like for the fruit fly. You can imagine what our visual system is like, " says Cowley, referring to the subway map.

Still, Cowley hopes his AI model will someday help us decode the computations underlying the human visual system.

"This is going to be decades of work. But if we can figure this out, we're ahead of the game," says Cowley. "By learning [fly] computations, we can build a better artificial visual system. More importantly, we're going to understand disorders of the visual system in much better detail."

How much better? You'll have to see it to believe it.
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Strings that can vibrate forever (kind of) | ScienceDaily
Researchers from TU Delft and Brown University have engineered string-like resonators capable of vibrating longer at ambient temperature than any previously known solid-state object -- approaching what is currently only achievable near absolute zero temperatures. Their study, published in Nature Communications, pushes the edge of nanotechnology and machine learning to make some of the world's most sensitive mechanical sensors.


						
The newly developed nanostrings boast the highest mechanical quality factors ever recorded for any clamping object in room temperature environments; in their case clamped to a microchip. This makes the technology interesting for integration with existing microchip platforms. Mechanical quality factors represent how well energy rings out of a vibrating object. These strings are specially designed to trap vibrations in and not let their energy leak out.

A 100-year swing on a microchip

"Imagine a swing that, once pushed, keeps swinging for almost 100 years because it loses almost no energy through the ropes," says associate professor Richard Norte. "Our nanostrings do something similar but rather than vibrating once per second like a swing, our strings vibrate 100,000 times per second. Because it's difficult for energy to leak out, it also means environmental noise is hard to get in, making these some of the best sensors for room temperature environments.

This innovation is pivotal for studying macroscopic quantum phenomena at room temperature -- environments where such phenomena were previously masked by noise. While the weird laws of quantum mechanics are usually only seen in single atoms, the nanostrings' ability to isolate themselves from our everyday heat-based vibrational noise allows them to open a window into their own quantum signatures; strings made from billions of atoms. In everyday environments, this kind of capability would have interesting uses for quantum-based sensing.

Extraordinary match between simulation and experiment

"Our manufacturing process goes in a different direction with respect to what is possible in nanotechnology today," said Dr. Andrea Cupertino, who spearheaded the experimental efforts. The strings are 3 centimetres long and 70 nanometres thick, but scaled up, this would be the equivalent of manufacturing guitar strings of glass that are suspended half a kilometre with almost no sag. "This kind of extreme structures are only feasible at nanoscales where the effects of gravity and weight enter differently. This allows for structures that would be unfeasible at our everyday scales but are particularly useful in miniature devices used to measure physical quantities such as pressure, temperature, acceleration and magnetic fields, which we call MEMS sensing," explains Cupertino.




The nanostrings are crafted using advanced nanotechnology techniques developed at the TU Delft, pushing the boundaries of how thin and long suspended nanostructures can be made. A key of the collaboration is that these nanostructures can be made so perfectly on a microchip, that there is an extraordinary match between simulations and experiments -- meaning that simulations can act as the data for machine learning algorithms, rather than costly experiments. "Our approach involved using machine learning algorithms to optimize the design without continuously fabricating prototypes," noted lead author Dr. Dongil Shin, who developed these algorithms with Miguel Bessa. To further enhance efficiency of designing these large detailed structures, the machine learning algorithms smartly utilised insights from simpler, shorter string experiments to refine the designs of longer strings, making the development process both economical and effective.

According to Norte, the success of this project is a testament to the fruitful collaboration between experts in nanotechnology and machine learning, underscoring the interdisciplinary nature of cutting-edge scientific research.

Inertial navigation and next-generation microphones

The implications of these nanostrings extend beyond basic science. They offer promising new pathways for integrating highly sensitive sensors with standard microchip technology, leading to new approaches in vibration-based sensing. While these initial studies focus on strings, the concepts can be expanded to more complex designs to measure other important parameters like acceleration for inertial navigation or something looking more like a vibrating drumhead for next-generation microphones. This research demonstrates the vast array of possibilities when combining nanotechnology advances with machine learning to open new frontiers in technology.
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'Fossilizing' cracks in infrastructure creates sealing that can even survive earthquakes | ScienceDaily
Various forms of underground activity, such as deep wells or the disposal of hazardous materials, require the long-term sealing of rocks. A team of researchers has developed an innovative method based on fossilization processes to seal cracks and fractures in rock using a "concretion-forming resin." The results were published in Communications Engineering.


						
The underground disposal of pollutants, such as radioactive waste and carbon dioxide, poses unique challenges. To avoid their release, it is necessary to seal the shafts and boreholes used for investigations and ensure that there are no leaks from the rock for long periods of time. Unfortunately, current cement-based sealing materials do not offer long-term functionality and durability. Especially in earthquake-prone countries, such as Japan, this may cause future complications, such as leaks.

To find a solution, lead researcher Hidekazu Yoshida of the Nagoya University Museum turned to his expertise in fossil preservation in calcium carbonate concretions. He understood that such concretions form quite rapidly within a few weeks to years, and fossils in concretions remain remarkably intact for millions of years, even when extracted from locations prone to weathering and seismic disturbances. He mused about the potential use of a similar approach in an industrial context.

"I realized that well-preserved fossils in concretions had withstood weathering and the like for tens to hundreds of thousands of years in the natural environment," Yoshida said. "I became inspired by studying how fast concretions were formed and why the fossils inside were preserved so well."

One reason for the durability of fossils is the concretion process. This is a natural fossilization process in which minerals in groundwater precipitate out of the water and accumulate around the organic material. Calcite in the groundwater seals the remains by forming crystals around them, binding the surrounding sediments. This mechanism creates an almost impenetrable fossil, with the crystals blocking even small, micrometer-sized openings.

Based on the concretion-forming process, the researchers mixed two agents to develop a "concretion-forming resin." The resin holds the ions needed to form calcite when water is introduced. Calcite forms impenetrable crystals in cracks and holes, reproducing the concretion formation process seen in nature, only much faster.

During a test in an underground laboratory 350 meters below the surface in Hokkaido, the northernmost island of Japan, the researchers discovered that their resin-based material had remarkable sealing abilities. When applied to flow-paths in the rock, it sealed them completely and rapidly.

The area experienced six earthquakes in the space of two days, including a magnitude 5.4 earthquake, putting their resin to the ultimate test. Despite a further five earthquakes during the test period, the cracks remained sealed. In fact, open cracks even resealed as the crystals reformed.

"The earthquakes were coincidence; something we never expected and planned for," Yoshida said. "They were a surprise to us, but it was such a great opportunity to see the material's performance. Such a fast-acting and sustained sealing effect of rock fractures, including post-earthquake crack repair, has never been reported before. Conventional cement materials cannot achieve this result."

The group is working closely with the Japan Atomic Energy Agency, Sekisui Chemical Co., and Chubu Electric Power Co., Ltd. to ensure that the resin will be commercially viable. Following their successful test, the team anticipates a wide range of applications, including long-term underground sequestration of radioactive waste and carbon dioxide, sealing abandoned oil wells, groundwater control during rock and mine excavation, and repair of cracks in ageing infrastructure such as roads and buildings.
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Cuddled cows who work as therapy animals showed a strong preference for women compared to men, study finds | ScienceDaily

In turn, the research, which opens a new era on whether some therapies may be initially stronger based upon gender and not procedure, highlighted that the women also reported greater attachment behaviours towards the steers.

Dr Katherine Compitus, Clinical Assistant Professor at New York University, and Dr Sonya Bierbower, Associate Professor at United States Military Academy West Point, conducted the research using the Human-Animal Interaction Scale (HAIS) as a measurement tool.

HAIS is a 24-item self-report instrument designed to describe and quantify behaviours performed by humans and nonhuman animals during an episode of interaction.

Enrichment benefits of cattle involved in bovine-assisted therapy

The scientists examined the behavioural and cognitive traits of cattle who work as therapy animals and special attention was paid to the welfare and enrichment benefits of cattle involved in bovine-assisted therapy.

Dr Compitus and Dr Bierbower, who conducted their study at the Surrey Hills Sanctuary in New York State, USA, with two steers -- named Magnus and Callum -- and 11 people aged 13 to 79, say little research has so far addressed the therapeutic benefits of animal-assisted interventions with farm animals.




Of the research sample, six were females and five were males.

Dr Compitus said, "We have discovered in the current study that bovine-assisted therapy may not only be an effective treatment model that benefits human participants but appears to be enriching to the cattle participants as well, as shown by their proximity to and continuous interactions with humans."

Integrative model used in conjunction with other methods

Animal-assisted therapy (AAT) is an integrative model used in conjunction with other methods such as psychodynamic psychotherapy and cognitive behavioural therapy.

The most common AAT model, the scientists say, is when a companion animal, such as a dog or cat, is integrated into a therapeutic plan.

This model, they add, has been studied with a variety of populations and conditions, from treating substance abuse to autism, often with positive results.




Organizations that certify therapy animals will sometimes certify several species of animals to work as a therapeutic partner, such as llamas, miniature horses, and rabbits.

However, to date there has been little research addressing the therapeutic benefits of animal-assisted interventions with farm animals. Cows have special behavioural traits that allow them to bond with people in a way that is unique to their size and temperament.

Dr Bierbower said, "Two of the gaps in the research we address in this study are the inclusion of cattle in AAT and an examination of the cognitive processes of animals involved in AAT."

Cattle that enjoy human company will have reduced stress signals

Cattle that are uncomfortable with a human presence, the researchers suggest, will show an increase in stress signals such as vocalizations when involved in therapy work, while cattle that enjoy human company will have reduced stress signals.

Other notable behaviours in cattle during AAT may include lying down and licking or smelling the person. This is indicative of their comfort level with humans since cows are known to engage in social grooming.

With the two cattle in the study, Dr Compitus and Dr Bierbower found that after 45 minutes of contact with the humans, Magnus and Callum often smelled or licked them and accepted food from them.

They also allowed physical human-initiated interactions in the form of hugs, grooming, petting, or kisses.

The animals rarely made unfriendly or aggressive gestures towards them, though they would occasionally decline to interact.

One participant stated that she was worried the bulls would be more aggressive but "fell in love with cows" after the session. All participants reported having an overall positive session with the steers and most stated they would recommend bovine assisted therapy to a friend.

Strong preference or interactions with women compared to men

Dr Compitus said, "The results of this study show that the steers showed a strong preference or interactions with women compared to men, and, in turn, the women reported stronger attachment behaviours towards the steers.

"It is unclear without further testing whether the animals sought out the attention of women in general or if the women were more likely to initiate the actions when compared to the men participants."

The scientists conclude that they discovered in the study that bovine-assisted therapy may not only be an effective treatment model that benefits human participation but appears to be enriching to the cattle participants, as well, as shown by their proximity to and continuous interactions with humans.
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Study finds widespread 'cell cannibalism,' related phenomena across tree of life | ScienceDaily
In a new review paper, Carlo Maley and Arizona State University colleagues describe cell-in-cell phenomena in which one cell engulfs and sometimes consumes another. The study shows that cases of this behavior, including cell cannibalism, are widespread across the tree of life.


						
The findings challenge the common perception that cell-in-cell events are largely restricted to cancer cells. Rather, these events appear to be common across diverse organisms, from single-celled amoebas to complex multicellular animals.

The widespread occurrence of such interactions in non-cancer cells suggests that these events are not inherently "selfish" or "cancerous" behaviors. Rather, the researchers propose that cell-in-cell phenomena may play crucial roles in normal development, homeostasis and stress response across a wide range of organisms.

The study argues that targeting cell-in-cell events as an approach to treating cancer should be abandoned, as these phenomena are not unique to malignancy.

By demonstrating that occurrences span a wide array of life forms and are deeply rooted in our genetic makeup, the research invites us to reconsider fundamental concepts of cellular cooperation, competition and the intricate nature of multicellularity. The study opens new avenues for research in evolutionary biology, oncology and regenerative medicine.

The new research, published in the Nature journal Scientific Reports, is the first to systematically investigate cell-in-cell phenomena across the tree of life. The group's findings could help redefine the understanding of cellular behavior and its implications for multicellularity, cancer and the evolutionary journey of life itself.

"We first got into this work because we learned that cells don't just compete for resources -- they actively kill and eat each other," Maley says. "That's a fascinating aspect of the ecology of cancer cells. But further exploration revealed that these phenomena happen in normal cells, and sometimes neither cell dies, resulting in an entirely new type of hybrid cell."

Maley is a researcher with the Biodesign Center for Biocomputing, Security and Society; professor in the School of Life Sciences at ASU; and director of the Arizona Cancer Evolution Center.




The study was conducted in collaboration with first author Stefania E. Kapsetaki, formerly with ASU and now a researcher at Tufts University, and Luis Cisneros, formerly with ASU and currently a researcher at Mayo Clinic.

From selfish to cooperative cell interactions

Cell-in-cell events have long been observed but remain poorly understood, especially outside the context of immune responses or cancer. The earliest genes responsible for cell-in-cell behavior date back over 2 billion years, suggesting the phenomena play an important, though yet-to-be-determined, role in living organisms. Understanding the diverse functions of cell-in-cell events, both in normal physiology and disease, is important for developing more effective cancer therapies.

The review delves into the occurrence, genetic underpinnings and evolutionary history of cell-in-cell phenomena, shedding light on a behavior once thought to be an anomaly. The researchers reviewed more than 500 articles to catalog the various forms of cell-in-cell phenomena observed across the tree of life.

The study describes 16 different taxonomic groups in which cell-in-cell behavior is found to occur. The cell-in-cell events were classified into six distinct categories based on the degree of relatedness between the host and prey cells, as well as the outcome of the interaction (whether one or both cells survived).

A spectrum of cell-in-cell behaviors are highlighted in the study, ranging from completely selfish acts, where one cell kills and consumes another, to more cooperative interactions, where both cells remain alive. For example, the researchers found evidence of "heterospecific killing," where a cell engulfs and kills a cell of a different species, across a wide range of unicellular, facultatively multicellular, and obligate multicellular organisms. In contrast, "conspecific killing," where a cell consumes another cell of the same species, was less common, observed in only three of the seven major taxonomic groups examined.




Obligate multicellular organisms are those that must exist in a multicellular form throughout their life cycle. They cannot survive or function as single cells. Examples include most animals and plants. Facultative multicellular organisms are organisms that can exist either as single cells or in a multicellular form depending on environmental conditions. For example, certain types of algae may live as single cells in some conditions but form multicellular colonies in others.

The team also documented cases of cell-in-cell phenomena where both the host and prey cells remained alive after the interaction, suggesting these events may serve important biological functions beyond just killing competitors.

"Our categorization of cell-in-cell phenomena across the tree of life is important for better understanding the evolution and mechanism of these phenomena," Kapsetaki says. "Why and how exactly do they happen? This is a question that requires further investigation across millions of living organisms, including organisms where cell-in-cell phenomena may not yet have been searched for."

Ancient genes

In addition to cataloging the diverse cell-in-cell behaviors, the researchers also investigated the evolutionary origins of the genes involved in these processes. Surprisingly, they found that many of the key cell-in-cell genes emerged long before the evolution of obligate multicellularity.

"When we look at genes associated with known cell-in-cell mechanisms in species that diverged from the human lineage a very long time ago, it turns out that the human orthologs (genes that evolved from a common ancestral gene) are typically associated with normal functions of multicellularity, like immune surveillance," Cisneros says.

In total, 38 genes associated with cell-in-cell phenomena were identified, and 14 of these originated over 2.2 billion years ago, predating the common ancestor of some facultatively multicellular organisms. This suggests that the molecular machinery for cell cannibalism evolved before the major transitions to complex multicellularity.

The ancient cell-in-cell genes identified in the study are involved in a variety of cellular processes, including cell-cell adhesion, phagocytosis (engulfment), intracellular killing of pathogens and regulation of energy metabolism. This diversity of functions indicates that cell-in-cell events likely served important roles even in single-celled and simple multicellular organisms well before the emergence of complex multicellular life.
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Alaska's rusting waters: Pristine rivers and streams turning orange | ScienceDaily
Dozens of Alaska's most remote streams and rivers are turning from a crystal clear blue into a cloudy orange, and the staining could be the result of minerals exposed by thawing permafrost, new research in the Nature journal Communications: Earth and Environment finds.


						
For the first time, a team of researchers from the National Park Service, U.S. Geological Survey, the University of California, Davis, and other institutions have documented and sampled some of the impaired waters, pinpointing 75 locations across a Texas-sized area of northern Alaska's Brooks Range.

These degraded rivers and streams could have significant implications for drinking water and fisheries in Arctic watersheds as the climate changes, the researchers said.

"The more we flew around, we started noticing more and more orange rivers and streams," said lead author Jon O'Donnell, an ecologist for the NPS' Arctic Inventory and Monitoring Network. "There are certain sites that look almost like a milky orange juice.

Those orange streams can be problematic both in terms of being toxic but might also prevent migration of fish to spawning areas."

Visible from space

O'Donnell first noticed an issue when he visited a river in 2018 that appeared rusty despite having been clear the year prior. He began asking around and compiling locations while grabbing water samples when possible in the remote region, where helicopters are generally the only way to access the rivers and streams.




"The stained rivers are so big we can see them from space," said Brett Poulin, an assistant professor of environmental toxicology at UC Davis who was a principal investigator in the research. "These have to be stained a lot to pick them up from space."

Poulin, whose expertise is in water chemistry, thought the staining looked similar to what happens with acid mine drainage, except no mines are near any of the impaired rivers, including along the famed Salmon River and other federally protected waters.

One hypothesis is that the permafrost, which is essentially frozen ground, stores minerals and as the climate warmed, the metal ores that were once locked up were exposed to water and oxygen, resulting in the release of acid and metals.

"Chemistry tells us minerals are weathering," Poulin said. "Understanding what's in the water is a fingerprint as to what occurred."

The impacted rivers are on federal lands managed by Bureau of Land Management, Fish and Wildlife Service and NPS, including Gates of the Arctic and Kobuk Valley national parks.

Poulin and Ph.D. candidate Taylor Evinger analyzed initial samples, then collected their own on a trip last August, while others took samples in June and July. This year, they will take three trips during the summer to collect additional samples.




Acidic water releasing metals

Some samples from the impaired waters have a pH of 2.3 compared to the average pH of 8 for these rivers. This means the sulfide minerals are weathering, resulting in highly acidic and corrosive conditions that release additional metals. Elevated or high levels of iron, zinc, nickel, copper and cadmium have been measured.

"We see a lot of different types of metals in these waters," Evinger said. "One of the most dominant metals is iron. That's what is causing the color change."

While O'Donnell first noticed a change in 2018, satellite images have turned up stained waters dating back to 2008.

"The issue is slowly propagating from small headwaters into bigger rivers over time," he said. "When emergent issues or threats come about, we need to be able to understand them."

Understanding risk

The researchers are in the second year of a three-year grant aimed at understanding what is happening in the water, modeling what other areas may be at risk and assessing implications for drinking water and fishing stocks.

The problem is growing and affecting habitat, water quality and other ecological systems, turning healthy areas into degraded habitats with fewer fish and invertebrates. If rural communities rely on these rivers for drinking water, they could require treatment eventually, and the fishing stocks that feed local residents could be affected.

"There's a lot of implications," O'Donnell said. "As the climate continues to warm, we would expect permafrost to continue to thaw and so wherever there are these types of minerals, there's potential for streams to be turning orange and becoming degraded in terms of water quality."

More work is needed to better understand the problem and whether rivers and streams can rebound, perhaps after cold weather promotes permafrost recovery.

"I think there will be a lot more detailed work to follow up to address some of the uncertainties that we currently have," O'Donnell said.

Scientists from Alaska Pacific University, Colorado State University, University of Alaska Anchorage and UC Riverside also contributed to the research.

The research was funded by U.S. Geological Survey-NPS Water Quality Partnership program, the U.S. Geological Survey Changing Arctic Ecosystem Initiative and the NPS Arctic Inventory and Monitoring Program.
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Detecting odors on the edge: Researchers decipher how insects smell more with less | ScienceDaily
Whether it's the wafting aroma of our favorite meal or the dangerous fumes seeping from a toxic chemical, the human sense of smell has evolved into a sophisticated system that processes scents through several intricate stages. The brains of mammals have billions of neurons at their disposal to recognize odors they are exposed to, from pleasant to pungent.


						
Insects such as fruit flies, on the other hand, have a mere 100,000 neurons to work with. Yet their survival is dependent upon their ability to decipher the meaning of complex odor mixtures around them to locate food, seek potential mates and avoid predators. Scientists have pondered how insects are able to smell, or extract information from odors, with a much smaller olfactory sensory system compared with mammals.

Scientists at the University of California San Diego believe they have an answer to this puzzling question. Palka Puri, a physics Ph.D. student, together with Postdoctoral Scholar Shiuan-Tze Wu, Associate Professor Chih-Ying Su and Assistant Professor Johnatan Aljadeff (all in the Department of Neurobiology) have uncovered how fruit flies use a simple, efficient system to recognize odors.

"Our work sheds light on the sensory processing algorithms insects use to respond to complex olfactory stimuli," said Puri, the first author of the paper, published in the Proceedings of the National Academy of Sciences. "We showed that the specialized organization of insect sensory neurons holds the key to the puzzle -- implementing an essential processing step that facilitates computations in the central brain."

Previous investigations of the odor processing system in flies focused on the central brain as the main hub for processing odor signals. But the new study shows that the effectiveness of the insect's sensory capabilities relies on a "pre-processing" stage in the periphery of their sensory system, which prepares the odor signals for computations that occur later in the central brain region.

Flies smell through their antennae, which are replete with sensory hairs that detect elements of the environment around them. Each sensory hair usually features two olfactory receptor neurons, or ORNs, that are activated by different odor molecules in the environment. Intriguingly, ORNs in the same sensory hair are strongly coupled by electrical interactions.

"This scenario is akin to two current-carrying wires placed close together," explained Puri. "The signals carried by the wires interfere with each other through electromagnetic interactions."

In the case of the fly olfactory system, however, this interference is beneficial. The researchers showed that as flies encounter an odor signal, the specific pattern of interference between the receptors helps flies quickly compute the "gist" of the odor's meaning: "Is it good or bad for me?" The result of this preliminary evaluation in the periphery is then relayed to a specific region in the fly's central brain, where the information about odors present in the outside world is translated to a behavioral response.




The researchers constructed a mathematical model of how odor signals are processed by electrical coupling between ORNs. They then analyzed the wiring diagram ("connectome") of the fly brain, a large-scale dataset generated by scientists and engineers at Howard Hughes Medical Institute's research campus. This allowed Puri, Aljadeff and their colleagues to trace how odor signals from the sensory periphery are integrated in the central brain.

"Remarkably, our work shows that the optimal odor blend -- the precise ratio to which each sensory hair is most sensitive -- is defined by the genetically predetermined size difference between the coupled olfactory neurons," said Aljadeff, a faculty member in the School of Biological Sciences. "Our work highlights the far-reaching algorithmic role of the sensory periphery for the processing of both innately meaningful and learned odors in the central brain."

Aljadeff describes the system with a visual analogy. Like a specialized camera that can detect specific types of images, the fly has developed a genetically driven method to distinguish between images, or in this case, mixtures of odors.

"We discovered that the fly brain has the wiring to read the images from this very special camera to then initiate behavior," he said.

To arrive at these results, the research was integrated with previous findings from Su's lab that described the conserved organization of ORNs in the fly olfactory system into sensory hairs. The fact that signals carried by the same odor molecules always interfere with each other, in every fly, suggested to the researchers that this organization has meaning.

"This analysis shows how neurons in higher brain centers can take advantage of balanced computation in the periphery," said Su. "What really brings this work to another level is how much this peripheral pre-processing can influence higher brain function and circuit operations."

This work may inspire research into the role of processing in peripheral organs in other senses, such as sight or hearing, and help form a foundation for designing compact detection devices with the ability to interpret complex data.

"These findings yield insight into the fundamental principles of complex sensory computations in biology, and open doors for future research on using these principles to design powerful engineered systems," said Puri.
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Complete Stellar Collapse: Unusual star system proves that stars can die quietly | ScienceDaily
University of Copenhagen astrophysicists help explain a mysterious phenomenon, whereby stars suddenly vanish from the night sky. Their study of an unusual binary star system has resulted in convincing evidence that massive stars can completely collapse and become black holes without a supernova explosion.


						
One day, the star at the center of our own solar system, the Sun, will begin to expand until it engulfs Earth. It will then become increasingly unstable until it eventually contracts into a small and dense object known as a white dwarf.

However, if the Sun were of a weight class roughly eight times greater or more, it would probably go out with a huge bang -- as a supernova. Its collapse would culminate into an explosion, ejecting energy and mass into space with enormous force, prior to leaving behind a neutron star or a black hole in its wake.

While this is basic knowledge about how massive stars die, there remains plenty to understand about the starry skies above and the spectacular death of these stars in particular.

New research by astrophysicists at the University of Copenhagen's Niels Bohr Institute presents the strongest evidence to date that very massive stars can succumb with far more stealth and discretion than as supernovae. Indeed, their investigation suggests that, with enough mass, a star's gravitational pull can be so strong that no explosion takes place upon its death. Instead, the star can go through what is known as a complete collapse.

"We believe that the core of a star can collapse under its own weight, as happens to massive stars in the final phase of their lives. But instead of the contraction culminating into a bright supernova explosion that would outshine its own galaxy, expected for stars more than eight times as massive as the Sun, the collapse continues until the star becomes a black hole," explains first author Alejandro Vigna-Gomez, who was a postdoc at the Niels Bohr Institute when this study set in motion.

This discovery is linked to the phenomenon of disappearing stars, which has interested astronomers in recent years, and it may provide both a clear-cut example as well as a plausible scientific explanation for phenomena of this kind.




"Were one to stand gazing up at a visible star going through a total collapse, it might, just at the right time, be like watching a star suddenly extinguish and disappear from the heavens. The collapse is so complete that no explosion occurs, nothing escapes and one wouldn't see any brigh tsupernova in the night sky. Astronomers have actually observed the sudden disappearance of brightly shining stars in recent times. We cannot be sure of a connection, but the results we have obtained from analysing VFTS 243 has brought us much closer to a credible explanation," says Alejandro Vigna-Gomez.

An unusual star system with no signs of an explosion

This discovery has been prompted by the recent observationof an unusual binary star system at the edge of our galaxy called VFTS 243. Here, a large star and black hole roughly 10 times more massive than our Sun orbit one another.

Scientists have known about the existence of such binary star systems in the Milky Way for decades, where one of the stars has become a black hole. But the recent discovery of VFTS 243, just beyond the Milky Way in the Large Magellanic Cloud, is something truly special.

"Normally, supernova events in star systems can be measured in various ways after they occur. But despite the fact that VFTS 243 contains a star that has collapsed into a black hole, the traces of an explosion are nowhere to be found. VFTS 243 is an extraordinary system. The orbit of the system has barely changed since the collapse of the star into a black hole," says Alejandro Vigna-Gomez.

The researchers have analysed the observational data for a range of signs that would be expected from a star system having undergone a supernova-explosion in the past. Generally, they found evidence of such an event minor and unconvincing.




The system does not show sign of a significant "natal kick," an acceleration of the orbiting objects. It is also very symmetrical, almost perfectly circular in it's orbit, and remaining signs from the energy release during the core collapse of the former star points to a type of energy consistent with complete collapse.

"Our analysis unequivocally points to the fact that the black hole in VFTS 243 was most likely formed immediately, with the energy mainly being lost via neutrinos," says Professor Irene Tamborra from the Niels Bohr Institute, who also participated in the study.

A benchmark system for future studies

According to Professor Tamborra, the VFTS 243 system opens the possibility for finally comparing a range of astrophysics theories and model calculations with actual observations. She expects that the star system will be important for studying stellar evolution and collapse.

"Our results highlight VFTS 243 as the best observable case so far for the theory of stellar black holes formed through total collapse, where the supernova explosion fails and which our models have shown to be possible. It is an important reality check for these models. And we certainly expect that the system will serve as a crucial benchmark for future research into stellar evolution and collapse," says the professor.

Background Information

The missing "natal kick" and other (lacking) signs of a supernova

The violent forces of a supernova directly affect the newborn neutron stars or black holes left by it, because of the asymmetric emission of matter during the explosion. This is what the researchers refer to as a "natal kick."This kick causes the compact object to accelerate. A natal kick will normally give neutron stars a measurable speed of 100-1000 km per second. The speed is expected to be less for black holes, but still significant.

Because the black hole in the VFTS 243 system only appears to have been acceleratedto roughly 4 km/s, it shows no sign of having received a substantial natal kick, like would be expected had it undergone a supernova.

Similarly, the symmetry of a star system's orbit usually show signs that it has felt the impact of a violent supernova explosion, because of the ejection of matter that happens. Instead, the researchers found symmetry.

"The orbit of VFTS is almost circular and our analysis indicates there are no signs of large asymmetries during collapse. This again indicates the absence of an explosion," says Alejandro Vigna Gomez.

A burst of energy

Analysing the orbit of the binary star system, the team has also been able to calculate the amount of mass and energy released during the formation of the black hole.

Their estimations are consistent with a scenario in which the smaller kick imparted during the stellar collapse was not due to baryonic matter, which includes neutrons and protons, rather to so-called neutrinos. Neutrinos have very little mass and interact very weakly. This is another indication that the system did not experience an explosion.

 Black holes

Not even light can escape from black holes. As such, they cannot be observed directly. However, some black holes can be identified due to the large amounts of energy being emitted from the gases rotating around them. Others, as in the case of VFTS 243, can be observed by the influence they have on stars with which they orbit.

In general, astronomers believe there to be three types of black holes:

Stellar black holes -- such as those of the VFTS 243 system -- form when stars with more than eight times the mass of the Sun collapse. Scientists believe there may be as many as 100 million of these in our galaxy alone.

Supermassive black holes -- 100,000 -- 10 billion times the mass of the Sun -- are thought to be at the centre of nearly all galaxies. Sagittarius A* is the supermassive black hole at centre of our galaxy, the Milky Way.

Intermediate-mass black holes (IMBH) -- 100-100,000 times the mass of our Sun -- were long a missing link. In recent years, a number of credible candidates have emerged.

There are also theories that describe other types of black holes, which have yet to be discovered. One of these, so-called Primordial black holes, are supposed to have formed in the early universe and could theoretically be microscopic.

 Disappearing stars

In modern times, there have been many observations of stars that inexplicably disappear.

"A Survey about Nothing" led by astrophysicist Chris Kochanek is an example of the research efforts actively looking for disappearing stars and explanations for their disappearance.

The curious reader can also delve into historical descriptions. These often have to do with suddenly luminous stars that disappear consistent with supernova scenarios. But there are other stories about suddenly disappearing stars, such as the Greek myth associated with the Pleiades star cluster, commonly known as the Seven Sisters. The Pleiades myth describes the seven daughters of the titan Atlas and nymph Pleione. According to the myth, one of their daughters married a human and went into hiding, which provides a very unscientific, but beautiful explanation for why we only see six stars in the Pleiades.
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3D printing robot creates extreme shock-absorbing shape, with help of AI | ScienceDaily
Inside a lab in Boston University's College of Engineering, a robot arm drops small, plastic objects into a box placed perfectly on the floor to catch them as they fall. One by one, these tiny structures -- feather-light, cylindrical pieces, no bigger than an inch tall -- fill the box. Some are red, others blue, purple, green, or black.


						
Each object is the result of an experiment in robot autonomy. On its own, learning as it goes, the robot is searching for, and trying to make, an object with the most efficient energy-absorbing shape to ever exist.

To do this, the robot creates a small plastic structure with a 3D printer, records its shape and size, moves it to a flat metal surface -- and then crushes it with a pressure equivalent to an adult Arabian horse standing on a quarter. The robot then measures how much energy the structure absorbed, how its shape changed after being squashed, and records every detail in a vast database. Then, it drops the crushed object into the box and wipes the metal plate clean, ready to print and test the next piece. It will be ever-so-slightly different from its predecessor, its design and dimensions tweaked by the robot's computer algorithm based on all past experiments -- the basis of what's called Bayesian optimization. Experiment after experiment, the 3D structures get better at absorbing the impact of getting crushed.

These experiments are possible because of the work of Keith Brown, an ENG associate professor of mechanical engineering, and his team in the KABlab. The robot, named MAMA BEAR -- short for its lengthy full title, Mechanics of Additively Manufactured Architectures Bayesian Experimental Autonomous Researcher -- has evolved since it was first conceptualized by Brown and his lab in 2018. By 2021, the lab had set the machine on its quest to make a shape that absorbs the most energy, a property known as its mechanical energy absorption efficiency. This current iteration has run continuously for over three years, filling dozens of boxes with more than 25,000 3D-printed structures.

Why so many shapes? There are countless uses for something that can efficiently absorb energy -- say, cushioning for delicate electronics being shipped across the world or for knee pads and wrist guards for athletes. "You could draw from this library of data to make better bumpers in a car, or packaging equipment, for example," Brown says.

To work ideally, the structures have to strike the perfect balance: they can't be so strong that they cause damage to whatever they're supposed to protect, but should be strong enough to absorb impact. Before MAMA BEAR, the best structure anyone ever observed was about 71 percent efficient at absorbing energy, says Brown. But on a chilly January afternoon in 2023, Brown's lab watched their robot hit 75 percent efficiency, breaking the known record. The results have just been published in Nature Communications.

"When we started out, we didn't know if there was going to be this record-breaking shape," says Kelsey Snapp (ENG'25), a PhD student in Brown's lab who oversees MAMA BEAR. "Slowly but surely we kept inching up, and broke through."

The record-breaking structure looks like nothing the researchers would have expected: it has four points, shaped like thin flower petals, and is taller and narrower than the early designs.




"We're excited that there's so much mechanical data here, that we're using this to learn lessons about design more generally," Brown says.

Their extensive data is already getting its first real-life application, helping to inform the design of new helmet padding for US Army soldiers. Brown, Snapp, and project collaborator Emily Whiting, a BU College of Arts & Sciences associate professor of computer science, worked with the US Army and went through field testing to ensure helmets using their patent-pending padding are comfortable and provide sufficient protection from impact. The 3D structure used for the padding is different from the record-breaking piece -- with a softer center and shorter stature to help with comfort.

MAMA BEAR is not Brown's only autonomous research robot. His lab has other "BEAR" robots performing different tasks -- like the nano BEAR, which studies the way materials behave at the molecular scale using a technology called atomic force microscopy. Brown has also been working with Jorg Werner, an ENG assistant professor of mechanical engineering, to develop another system, known as the PANDA -- short for Polymer Analysis and Discovery Array -- BEAR to test thousands of thin polymer materials to find one that works best in a battery.

"They're all robots that do research," Brown says. "The philosophy is that they're using machine learning together with automation to help us do research much faster."

"Not just faster," adds Snapp. "You can do things you couldn't normally do. We can reach a structure or goal that we wouldn't have been able to achieve otherwise, because it would have been too expensive and time-consuming." He has worked closely with MAMA BEAR since the experiments began in 2021, and gave the robot its ability to see -- known as machine vision -- and clean its own test plate.

The KABlab is hoping to further demonstrate the importance of autonomous research. Brown wants to keep collaborating with scientists in various fields who need to test incredibly large numbers of structures and solutions. Even though they already broke a record, "we have no ability to know if we've reached the maximum efficiency," Brown says, meaning they could possibly break it again. So, MAMA BEAR will keep on running, pushing boundaries further, while Brown and his team see what other applications the database can be useful for. They're also exploring how the more than 25,000 crushed pieces can be unwound and reloaded into the 3D printers so the material can be recycled for more experiments.

"We're going to keep studying this system, because mechanical efficiency, like so many other material properties, is only accurately measured by experiment," Brown says, "and using self-driving labs helps us pick the best experiments and perform them as fast as possible."
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Researchers discover hidden step in dinosaur feather evolution | ScienceDaily
Palaeontologists at University College Cork (UCC) in Ireland have discovered that some feathered dinosaurs had scaly skin like reptiles today, thus shedding new light on the evolutionary transition from scales to feathers.


						
The researchers studied a new specimen of the feathered dinosaur Psittacosaurus from the early Cretaceous (135-120 million years ago), a time when dinosaurs were evolving into birds. The study shows, for the first time, that Psittacosaurus had reptile-like skin in areas where it didn't have feathers.

The study, published today in Nature Communications, was led by UCC palaeontologists Dr Zixiao Yang and Prof. Maria McNamara of UCC's School of Biological, Earth and Environmental Sciences, who teamed with scientists based in Nanjing University (China).

The team used ultraviolet (UV) light to identify patches of preserved skin, which are invisible in natural light. Further investigation of the fossil skin using X-rays and infrared light revealed spectacular details of preserved cellular structure.

Dr Yang says:

"The fossil truly is a hidden gem. The fossil skin is not visible to the naked eye, and it remained hidden when the specimen was donated to Nanjing University in 2021. Only under UV light is the skin visible, in a striking orange-yellow glow.

"What is really surprising is the chemistry of the fossil skin. It is composed of silica -- the same as glass. This type of preservation has never been found in vertebrate fossils. There are potentially many more fossils with hidden soft tissues awaiting discovery."

The most exciting aspect of the discovery, however, is what it tells us about the evolution of feathers in dinosaurs. Prof. McNamara, senior author on the study, says:




"The evolution of feathers from reptilian scales is one of the most profound yet poorly understood events in vertebrate evolution. While numerous fossils of feathers have been studied, fossil skin is much more rare.

"Our discovery suggests that soft, bird-like skin initially developed only in feathered regions of the body, while the rest of the skin was still scaly, like in modern reptiles. This zoned development would have maintained essential skin functions, such as protection against abrasion, dehydration and parasites. The first dinosaur to experiment with feathers could therefore survive and pass down the genes for feathers to their offspring."

The Psittacosaurus specimen NJUES-10 is currently housed in Nanjing University.
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Webb Telescope offers first glimpse of an exoplanet's interior | ScienceDaily
A surprisingly low amount of methane and a super-sized core hide within the cotton candy-like planet WASP-107 b.


						
The revelations, based on data obtained by the James Webb Space Telescope, mark the first measurements of an exoplanet's core mass and will likely underpin future studies of planetary atmospheres and interiors, a key aspect in the search for habitable worlds beyond our solar system.

"Looking into the interior of a planet hundreds of light-years away sounds almost impossible, but when you know the mass, radius, atmospheric composition, and hotness of its interior, you've got all the pieces you need to get an idea of what's inside and how heavy that core is," said lead author David Sing, a Bloomberg Distinguished Professor of Earth and Planetary Sciences at Johns Hopkins University. "This is now something we can do for lots of different gas planets in various systems."

Published today in Nature, the research shows the planet has a thousand times less methane than expected and a core 12 times more massive than Earth's.

A giant planet wrapped by a scorching atmosphere as fluffy as cotton, WASP-107 b orbits a star about 200 light-years away. It is puffy because of its build: a Jupiter-sized world with only a tenth of that planet's mass.

Even though it has methane -- a building block of life on Earth -- the planet is not considered habitable because of its proximity to its parent star and lack of a solid surface. But it could hold important clues about late-stage planetary evolution.

In a separate study published today in Nature, other scientists also spotted methane with the Webb telescope and provided similar insights about the planet's size and density.




"We want to look at planets more similar to the gas giants in our own solar system, which have a lot of methane in their atmospheres," Sing said. "This is where the story of WASP-107 b got really interesting, because we didn't know why the methane levels were so low."

The new methane measurements suggest the molecule transforms into other compounds as it flows upward from the planet's interior, interacting with a concoction of other chemicals and starlight in the upper atmosphere. The team also measured sulfur dioxide, water vapor, carbon dioxide, and carbon monoxide -- and found WASP-107 b has more heavy elements than Uranus and Neptune.

The profile of the planet's chemistry is starting to reveal key pieces in the puzzle of how planetary atmospheres behave in extreme conditions, Sing said. His team will conduct similar observations over the next year on an additional 25 planets with the Webb telescope.

"We had never been able to study this mixing process in an exoplanet atmosphere in detail, so this will go a long way in understanding how these dynamic chemical reactions operate," Sing said. "It's something we definitely need as we start looking at rocky planets and biomarker signatures."

Scientists had speculated that the planet's overinflated radius resulted from a source of heat inside, said Zafar Rustamkulov, a Johns Hopkins doctoral student in planetary science who co-led the research. By combining atmospheric and interior physics models with Webb's data of WASP-107 b, the team accounted for how the planet's thermodynamics influences its observable atmosphere.

"The planet has a hot core, and that heat source is changing the chemistry of the gases deeper down, but it's also driving this strong, convective mixing bubbling up from the interior," Rustamkulov said. "We think this heat is causing the chemistry of the gases to change, specifically destroying methane and making elevated amounts of carbon dioxide and carbon monoxide."

The new findings also represent the clearest connection scientists have been able to make about the interior of an exoplanet and the top of its atmosphere, Rustamkulov said. Last year the Webb telescope spotted sulfur dioxide about 700 light-years away in a different exoplanet called WASP-39, providing the first evidence of an atmospheric compound created by starlight-driven reactions.




The Johns Hopkins team is now focusing on what might be keeping the core hot, and expects forces might be in play similar to those causing high and low tides in Earth's oceans. They plan to test whether the planet is being stretched and pulled by its star and how that might account for the core's high heat.

Other study authors are Daniel P. Thorngren and Elena Manjavacas of Johns Hopkins University; Joanna K. Barstow of the Open University; Pascal Tremblin of Universite Paris-Saclay; Catarina Alves de Oliveira, Stephan M. Birkmann, and Pierre Ferruit of the European Space Agency; Tracy L. Beck, Nestor Espinoza, Amelie Gressier, Marco Sirianni, and Jeff A. Valenti of the Space Telescope Science Institute; Ryan C. Challener of Cornell University; Nicolas Crouzet, Giovanna Giardino, and Nikole K. Lewis of Leiden University; Elspeth K. H. Lee; Roberto Maiolino of University of Cambridge; and Bernard J. Rauscher of NASA Goddard Space Flight Center.

This research is based on data obtained from the Space Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy Inc., under NASA contract NAS 5-03127.
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2D materials: A catalyst for future quantum technologies | ScienceDaily
For the first time, scientists at the Cavendish Laboratory have found that a single 'atomic defect' in a thin material, Hexagonal Boron Nitride (hBN), exhibits spin coherence under ambient conditions, and that these spins can be controlled with light. Spin coherence refers to an electronic spin being capable of retaining quantum information over time. The discovery is significant because materials that can host quantum properties under ambient conditions is quite rare.


						
The findings published in Nature Materials, further confirm that the accessible spin coherence at room temperature is longer than the researchers initially imagined it could be. "The results show that once we write a certain quantum state onto the spin of these electrons, this information is stored for ~1 millionth of a second, making this system a very promising platform for quantum applications," said Carmem M. Gilardoni, co-author of the paper and Rubicon postdoctoral fellow at the Cavendish Laboratory.

"This may seem short, but the interesting thing is that this system does not require special conditions -- it can store the spin quantum state even at room temperature and with no requirement for large magnets."

Hexagonal Boron Nitride (hBN) is an ultra-thin material made up of stacked one-atom-thick layers, kind of like sheets of paper. These layers are held together by forces between molecules. But sometimes, there are 'atomic defects' withinthese layers, similar to a crystal with molecules trapped inside it. These defects can absorb and emit light in the visible range with well-defined optical transitions, and they can act as local traps for electrons. Because of these 'atomic defects' within hBN, scientists can now study how these trapped electrons behave. They can study the spin property, which allows electrons to interact with magnetic fields. What's truly exciting is that researchers can control and manipulate the electron spins using light within these defects at room temperature.

This finding paves the way for future technological applications particularly in sensing technology.

However, since this is the first time anyone has reported the spin coherence of the system, there is a lot to investigate before it is mature enough for technological applications. The scientists are still figuring out how to make these defects even better and more reliable. They are currently probing how far we can extend the spin storage time, and whether we can optimise the system and material parameters that are important for quantum-technological applications, such as defect stability over time and the quality of the light emitted by this defect.

"Working with this system has highlighted to us the power of the fundamental investigation of materials. As for the hBN system, as a field we can harness excited state dynamics in other new material platforms for use in future quantum technologies," said Dr. Hannah Stern, first author of the paper, who conducted this research at the Cavendish Laboratory and is now a Royal Society University Research Fellow and Lecturer at University of Manchester.

In future the researchers are looking at developing the system further, exploring many different directions from quantum sensors to secure communications.

"Each new promising system will broaden the toolkit of available materials, and every new step in this direction will advance the scalable implementation of quantum technologies. These results substantiate the promise of layered materials towards these goals," concluded Professor Mete Atature, Head of the Cavendish Laboratory, who led the project.
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Physicists propose path to faster, more flexible robots | ScienceDaily

The paper, written by doctoral candidate Chinmay Katke, assistant professor C. Nadir Kaplan, and co-author Peter A. Korevaar from Radboud University in the Netherlands, proposes a new physical mechanism that could speed up the expansion and contraction of hydrogels. For one thing, this opens up the possibility for hydrogels to replace rubber-based materials used to make flexible robots -- enabling these fabricated materials to perhaps move with a speed and dexterity close to that of human hands.

Soft robots are already being used in manufacturing, where a hand-like device is programmed to grab an item from a conveyer belt -- picture a hot dog or piece of soap -- and place it in a container to be packaged. But the ones in use now lean on hydraulics or pneumatics to change the shape of the "hand" to pick up the item.

Akin to our own body, hydrogels mostly contain water and are everywhere around us, e.g., food jelly and shaving gel. Katke, Korevaar, and Kaplan's research appears to have found a method that allows hydrogels to swell and contract much more quickly, which would improve their flexibility and capability to function in different settings.

Living organisms use osmosis for such activities as bursting seed dispersing fruits in plants or absorbing water in the intestine. Normally, we think of osmosis as a flow of water moving through a membrane, with bigger molecules like polymers unable to move through. Such membranes are called semi-permeable membranes and were thought to be necessary to trigger osmosis.

Previously, Korevaar and Kaplan had done experiments by using a thin layer of hydrogel film comprised of polyacrylic acid. They had observed that even though the hydrogel film allows both water and ions to pass through and is not selective, the hydrogel rapidly swells due to osmosis when ions are released inside the hydrogel and shrinks back again.

Katke, Korevaar, and Kaplan developed a new theory to explain the above observation. This theory tells that microscopic interactions between ions and polyacrylic acid can make hydrogel swell when the released ions inside the hydrogel are unevenly spread out. They called this "diffusio-phoretic swelling of the hydrogels." Furthermore, this newly discovered mechanism allows hydrogels to swell much faster than what has been previously possible.




Why is that change important?

Kaplan explained: Soft agile robots are currently made with rubber, which "does the job but their shapes are changed hydraulically or pneumatically. This is not desired because it is difficult to imprint a network of tubes into these robots to deliver air or fluid into them."

Imagine, Kaplan said, how many different things you can do with your hand and how fast you can do them owing to your neural network and the motion of ions under your skin. Because the rubber and hydraulics are not as versatile as your biological tissues, which is a hydrogel, state-of-the-art soft robots can only do a limited number of movements."

Katke explained that the process they have researched allows the hydrogels to change shape then change back to their original form "significantly faster this way" in soft robots that are larger than ever before.

At present, only microscopic-sized hydrogel robots can respond to a chemical signal quickly enough to be useful and larger ones require hours to change shape, Katke said. By using the new diffusio-phoresis method, soft robots as large as a centimeter may be able to transform in just a few seconds, which is subject to further studies.

Larger agile soft robots that could respond quickly could improve assistive devices in healthcare, "pick-and-place" functions in manufacturing, search and rescue operations, cosmetics used for skincare, and contact lenses.
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Diamond glitter: A play of colors with artificial DNA crystals | ScienceDaily
Using DNA origami, LMU researchers have built a diamond lattice with a periodicity of hundreds of nanometers -- a new approach for manufacturing semiconductors for visible light.


						
The shimmering of butterfly wings in bright colors does not emerge from pigments. Rather, it is photonic crystals that are responsible for the play of colors. Their periodic nanostructure allows light at certain wavelengths to pass through while reflecting other wavelengths. This causes the wing scales, which are in fact transparent, to appear so magnificently colored. For research teams, the manufacture of artificial photonic crystals for visible light wavelengths has been a major challenge and motivation ever since they were predicted by theorists more than 35 years ago. "Photonic crystals have a versatile range of applications. They have been employed to develop more efficient solar cells, innovative optical waveguides, and materials for quantum communication. However, they have been very laborious to manufacture," explains Dr. Gregor Posnjak. The physicist is a postdoc in the research group of LMU Professor Tim Liedl, whose work is funded by the "e-conversion" Cluster of Excellence and the European Research Council. Using DNA nanotechnology, the team has developed a new approach for the manufacture of photonic crystals. Their results have now been published in the journal Science.

Diamond structure out of strands of DNA

In contrast to lithographic techniques, the LMU team uses a method called DNA origami to design and synthesize building blocks, which then self-assemble into a specific lattice structure. "It's long been known that the diamond lattice theoretically has an optimal geometry for photonic crystals. In diamonds, each carbon atom is bonded to four other carbon atoms. Our challenge consisted in enlarging the structure of a diamond crystal by a factor of 500, so that the spaces between the building blocks correspond with the wavelength of light," explains Tim Liedl. "We increased the periodicity of the lattice to 170 nanometers by replacing the individual atoms with larger building blocks -- in our case, through DNA origami," says Posnjak.

The perfect molecule folding technique

What sounds like magic is actually a specialty of the Liedl group, one of the world's leading research teams in DNA origami and self-assembly. For this purpose, the scientists use a long, ring-shaped DNA strand (consisting of around 8,000 bases) and a set of 200 short DNA staples. "The latter control the folding of the longer DNA strand into virtually any shape at all -- akin to origami masters, who fold pieces of paper into intricate objects. As such, the clamps are a means of determining how the DNA origami objects combine to form the desired diamond lattice," says the LMU postdoctoral researcher. The DNA origami building blocks form crystals of approximately ten micrometers in size, which are deposited on a substrate and then passed on to a cooperating research group from the Walter Schottky Institute at the Technical University of Munich (TUM): The team led by Professor Ian Sharp (also funded by the "e-conversion" Cluster of Excellence) is able to deposit individual atomic layers of titanium dioxide on all surfaces of the DNA origami crystals. "The DNA origami diamond lattice serves as scaffolding for titanium dioxide, which, on account of its high index of refraction, determines the photonic properties of the lattice. After coating, our photonic crystal does not allow UV light with a wavelength of about 300 nanometers to pass through, but rather reflects it," explains Posnjak. The wavelength of the reflected light can be controlled via the thickness of the titanium dioxide layer.

DNA origami could boost photonics

For photonic crystals that work in the infrared range, classic lithographic techniques are suitable but laborious and expensive. In the wavelength range of visible and UV light, lithographic methods have not been successful to date. "Consequently, the comparatively easy manufacturing process using the self-assembly of DNA origami in an aqueous solution offers a powerful alternative for producing structures in the desired size cost-effectively and in larger quantities," says Prof. Tim Liedl. He is convinced that the unique structure with its large pores, which are chemically addressable, will stimulate further research -- for example, in the domain of energy harvesting and storage. In the same issue of Science, a collaboration led by prof. Petr Sulc of Arizona State University and TUM presents a theoretical framework for designing diverse crystalline lattices from patchy colloids, and experimentally demonstrates the method by utilizing DNA origami building blocks to form a pyrochlore lattice, which potentially also could be used for photonic applications.
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Ancient arachnid from coal forests of America stands out for its spiny legs | ScienceDaily
More than 300 million years ago, all sorts of arachnids crawled around the Carboniferous coal forests of North America and Europe. These included familiar ones we'd recognize, such as spiders, harvestmen and scorpions -- as well exotic animals that now occur in warmer regions like whip spiders and whip scorpions.


						
But there were also quite bizarre arachnids in these habitats belonging to now extinct groups. Even among these stranger species now lost to time, one might have stood out for its up-armored legs.

The ancient critter recently was described in a new paper published in the Journal of Paleontology, co-written by Paul Selden from the University of Kansas and the Natural History Museum of London and Jason Dunlop from the Museum fur Naturkunde Berlin.

"Douglassarachne acanthopoda comes from the famous Mazon Creek locality in Illinois and is about 308 million years old," said lead author Selden. "This compact arachnid had a body length of about 1.5 centimeters and is characterized by its remarkably robust and spiny legs -- such that it is quite unlike any other arachnid known, living or extinct."

The KU researcher said Carboniferous Coal Measures are an important source of information for fossil arachnids, representing the first time in Earth's history when most living groups of arachnids occurred together. Yet, the fauna was still quite different to today.

"Spiders were a rather rare group, only known at that time from primitive lineages, and they shared these ecosystems with various arachnids which have long since died out," said co-author Dunlop. "Douglassarachne acanthopodais a particularly impressive example of one of these extinct forms. The fossil's very spiny legs are reminiscent of some modern harvestmen, but its body plan is quite different from a harvestman or any other known arachnid group."

This led the two scientists to conclude it doesn't belong in any of the known arachnid orders.

"Unfortunately, details such as the mouth parts cannot be seen, which makes it difficult to say exactly which group of arachnids are its closest relatives, Selden said. "It could belong to a wider group, which includes spiders, whip spiders and whip scorpions. Whatever its evolutionary affinities, these spiny arachnids appear to come from a time when arachnids were experimenting with a range of different body plans. Some of these later became extinct, perhaps during the so-called 'Carboniferous Rainforest Collapse,' a time shortly after the age of Mazon Creek when the coal forests began to fragment and die off. Or perhaps these strange arachnids clung on until the end Permian mass extinction?"

According to the team, Mazon Creek fossil locality is one of the most important windows into life in the late Carboniferous, producing a wide range of fascinating plants and animals. The present fossil was discovered in a clay-ironstone concretion in the 1980s by Bob Masek and later acquired by the David and Sandra Douglass Collection and displayed in their Prehistoric Life Museum.

"The genus name Douglassarachneacknowledges the Douglass family, who kindly donated the specimen to the Field Museum of Natural History in Chicago for scientific study once it became apparent that it represented an undescribed species," Dunlop said. "Then, acanthopoda refers to the unique and characteristic spiny legs of the animal."
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Otters, especially females, use tools to survive a changing world | ScienceDaily
Sea otters are one of the few animals that use tools to access their food, and a new study has found that individual sea otters that use tools -- most of whom are female -- are able to eat larger prey and reduce tooth damage when their preferred prey becomes depleted.


						
The study researchers and their enlisted volunteer "otter spotters" followed 196 radio-tagged southern sea otters off the coast of California to better understand how the threatened species uses tools in a rapidly changing environment. The research team from The University of Texas at Austin, University of California, Santa Cruz, Monterey Bay Aquarium and elsewhere monitored how the marine mammals used tools -- such as rocks, shells and trash -- to break open prey and identified links to the animals' dietary patterns and dental health.

For the first time, researchers found that the use of tools among male and female otters led to a reduction in tooth injuries.

"Sea otters vary in how often they use tools," said Chris Law, a postdoctoral researcher and an Early Career Provost Fellow at UT Austin who led the study while a graduate student at UC Santa Cruz. "The females are likely using tools to overcome their smaller body size and weaker biting ability in order to meet their calorie demands. Raising pups takes a lot of energy, and the females need to be efficient in their foraging. The study shows that tool use is an important behavior for survival."

The study is published in Science.

In the southern sea otter's range of coastal Central California, some of the preferred prey such as large abalone and sea urchins, are not difficult to break open. However, these food resources dwindle or disappeare in many areas. This leads otters to prey more often on crabs, clams, mussels and small marine snails whose hard shells can damage the otter's teeth in the process of prying them open.

Tooth condition is important for survival because when an otter's teeth become too worn or damaged, they could starve. Using tools helped individual otters to meet their calorie needs by branching out into different types of prey. The study found female otters had less tooth damage than male otters did.




Research shows that female otters are more likely to use tools, and in the study, those that did were able to access harder or larger prey than otters that did not use tools. In fact, females were able to consume prey that were up to 35% harder compared with that of males that used tools.

Female dolphins, chimps and bonobos are also known to use tools more than their male counterparts, probably for the same reasons. In these species, females tend to raise offspring, and they are often the ones that pass down tool-use behavior to offspring.

Listed as a threatened species under the U.S. Endangered Species Act, southern sea otters number only about 3,000 in California, where they play a critical role in marine ecosystems preying on sea urchins that feed on kelp forests.

Rita Mehta and Tim Tinker of the University of California, Santa Cruz; Jessica Fujii, Teri Nicholson and Michelle Staedler with the Monterey Bay Aquarium; Joseph Tomoleoni of the U.S. Geological Survey; and Colleen Young of the California Department of Fish and Wildlife were also authors on the paper. Chris Law was previously a postdoctoral scholar with University of Washington.

The research was funded by the U.S. National Science Foundation, Packard Foundation, Coastal Conservancy, U.S. Fish and Wildlife Service, Pacific Gas & Electric and Bureau of Ocean Energy Management.
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How neighboring whale families learn each other's vocal style | ScienceDaily
Researchers from Project CETI (Cetacean Translation Initiative) and collaborating institutions have developed a method to investigate sperm whale communication by determining their vocal style, finding that groups living in close proximity can develop similar styles to each other.


						
The study, published today as a Reviewed Preprint in eLife, is described as important by the editors, contributing to a richer understanding of communication between whales. They say it provides solid evidence for the existence of social learning between neighbouring sperm whale clans

The methodology developed by the team could also be used as a framework for comparing communication systems in other species, to gain a deeper understanding of vocal and cultural transmission within non-human societies.

Sperm whales live in multilevel societies. This allows them to engage in complex social behaviours and also facilitates the transmission of knowledge and cultural behaviours across generations.

Sperm whales communicate through rhythmic patterns of clicks called codas. The set of vocalised coda types combined with how frequently they are used makes up a vocal repertoire and define membership in a particular clan.

"While there is evidence of individual variations in vocal repertoires, sperm whales belonging to the same social unit share a common vocal repertoire that persists across many years -- these are referred to as part of the same clan," says lead author Antonio Leitao, a PhD student at Scuola Normale Superiore in Pisa and member of Project CETI. "There is a clear social segregation between members of different clans, even when living close together. Different clans are characterised by identity codas, which typically account for a minority of total codas vocalised by each whale."

Previous work on sperm whale communication has mostly used vocal repertoires to distinguish between individual whales, social units, or clans. Leitao and colleagues aimed to investigate the differences in structure within codas to gain a deeper understanding of the variations in sperm whale communication. Each coda can be broken down into a sequence of inter-click intervals (ICIs). So, they created a model using a technique called variable length Markov chains, which allowed them to estimate the probability of observing a specific ICI, based on the previous one. This data could then be used to create a "subcoda tree" for an individual whale or clan, which contains information about all of the important rhythmic variations and transitions between ICIs -- their vocal style.




To test the validity of their method, the team analysed two datasets of sperm whale vocalisations, from the Pacific and Atlantic Oceans. The Atlantic dataset comprised two different clans and had rich annotations of the coda types recorded, the identity of the vocalising whales and their social relations. They generated subcoda trees for each social unit and, when they compared between them, the team discovered that trees from different social units within the same clan were much more similar than those between members of different clans. Without using the information on the clan memberships of the recorded whales, the team were able to use their vocal style to accurately sort them into their respective clans, validating their method. They also extended this to the much larger Pacific dataset collected since 1978, in which they were also able to determine the whales' clan membership based on the similarity of their vocal style.

During these studies, the team also analysed how spatial proximity between clans and social units affects their vocal style. Previous work* had explored whether identity coda usage by whales differs based on proximity to other clans. It revealed that greater spatial overlap between clans caused their respective identity coda repertoires to become more different from each other, by modulating the frequency with which they are vocalised. No difference was found for non-identity codas. When analysing vocal style, the team observed an opposite effect -- closer proximity between clans increased the similarity of their non-identity coda vocal style, while no change was observed for identity codas. This suggests that geographic overlap between clans causes their vocal styles, in terms of non-identity codas, to become more similar, but does not jeopardise their ability to use identity codas to signify their clan membership.

"The increase in similarity of non-identity coda vocal styles is most likely the result of social learning," claims Leitao. "Identity codas are consistently maintained to allow the recognition of fellow clan members, but we believe that social learning between clans leads to a more similar vocal style with other whales that are within acoustic range."

The authors call for more research to fully confirm their evidence for this social learning in sperm whales. Namely, conducting the same analyses on a larger dataset would add more statistical power, and a longitudinal analysis over time could provide direct evidence for the existence of social learning between clans and rule out the alternative possibilities of genetic or environmental factors playing a role.

"Our results strengthen previous results on the use of identity codas as symbolic markers, while supporting cultural transmission and social learning of vocalisations among whales of different clans," says senior author Giovanni Petri, who is Lead of Network Science at Project CETI, Professor at the Network Science Institute at Northeastern University London and and Principal Researcher at the CENTAI Institute. "We suggest that vocal learning in sperm whales may not be limited to vertical transmission from adults to their kin, but that horizontal social learning from outside the immediate family unit may also be occurring."
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