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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        Unveiling 1,200 years of human occupation in Canada's Arctic
        A recent study provides new insights into ancient cultures in Canada's Arctic, focusing on Paleo-Inuit and Thule-Inuit peoples over thousands of years. Researchers detected human presence and settlements on Somerset Island, Nunavut, by analyzing sediment samples.

      

      
        Dark matter in dwarf galaxy tracked using stellar motions
        The qualities and behavior of dark matter, the invisible 'glue' of the universe, continue to be shrouded in mystery. Though galaxies are mostly made of dark matter, understanding how it is distributed within a galaxy offers clues to what this substance is, and how it's relevant to a galaxy's evolution.

      

      
        First ever 3D reconstruction of 52,000-year-old woolly mammoth chromosomes thanks to serendipitously freeze-dried skin
        An international research team has assembled the genome and 3D chromosomal structures of a 52,000-year-old woolly mammoth -- the first time such a feat has been achieved for any ancient DNA sample. The fossilized chromosomes, which are around a million times longer than most ancient DNA fragments, provide insight into how the mammoth's genome was organized within its living cells and which genes were active within the skin tissue from which the DNA was extracted. This unprecedented level of struc...

      

      
        Creativity starts in the cradle, new research shows
        New research indicates that babies can begin grasping complex language and ideas.

      

      
        New study provides enhanced understanding of tropical atmospheric waves
        Findings has critical implications for predicting extreme weather events such as hurricanes and heavy rainfall.

      

      
        A new species of extinct crocodile relative rewrites life on the Triassic coastline
        The surprising discovery of a new species of extinct crocodile relative from the Triassic Favret Formation of Nevada, USA, rewrites the story of life along the coasts during the first act of the Age of Dinosaurs. The new species Benggwigwishingasuchus eremicarminis reveals that while giant ichthyosaurs ruled the oceans, the ancient crocodile kin known as pseudosuchian archosaurs ruled the shores across the Middle Triassic globe between 247.2 and 237 million years ago.

      

      
        Researchers pinpoint brain cells that delay first bite of food
        Do you grab a fork and take a first bite of cake, or say no and walk away? Our motivation to eat is driven by a complex web of cells in the brain that use signals from within the body, as well as sensory information about the food in front of us, to determine our behaviors. Now, scientists have identified a group of neurons in a small and understudied region of the brain -- the parasubthalamic nucleus (PSTN) -- that controls when an animal decides to take a first bite of food.

      

      
        Combination treatment can increase human insulin-producing cells in vivo
        In preclinical studies, a team of researchers report new findings on a therapeutic combination that regenerated human insulin-producing beta cells, providing a possible new treatment for diabetes.

      

      
        New Co-STAR receptor shows promise treating cancers in laboratory study
        Using genetic engineering techniques, investigators designed a novel type of cell to recognize and fight cancer.

      

      
        Novel genome editing approach restores hearing in adult preclinical models with genetic deafness
        Researchers restored hearing in preclinical mouse models with a specific form of inherited deafness called DFNA50 caused by mutations in microRNA, by using a novel in vivo CRISPR genome editing approach. Since mouse and human microRNAs have identical sequences, the researchers hope this work can one day be translated into applications for humans.

      

      
        High-speed electron camera uncovers a new 'light-twisting' behavior in an ultrathin material
        Using an instrument for ultrafast electron diffraction (MeV-UED), researchers discovered how an ultrathin material can circularly polarize light. This discovery sets up a promising approach to manipulate light for applications in optoelectronic devices.

      

      
        Loneliness increases risk of age-related memory loss
        About a third of Canadians feel lonely, and a study shows it has a greater negative impact on memory than even social isolation, though both present a significant risk to the aging population.

      

      
        Lion with nine lives breaks record with longest swim in predator-infested waters
        A record-breaking swim by two lion brothers across a predator-infested African river has been documented in a new study. The researchers say the 1km swim is another example of iconic wildlife species having to make tough decisions to find homes and mates in a human-dominated world.

      

      
        Nanoparticle vaccines enhance cross-protection against influenza viruses
        To offer cross-protection against diverse influenza virus variants, nanoparticle vaccines can produce pivotal cellular and mucosal immune responses that enhance vaccine efficacy and broaden protection, according to a new study.

      

      
        Mars likely had cold and icy past, new study finds
        The question of whether Mars ever supported life has captivated the imagination of scientists and the public for decades. Central to the discovery is gaining insight into the past climate of Earth's neighbor: was the planet warm and wet, with seas and rivers much like those found on our own planet? Or was it frigid and icy, and therefore potentially less prone to supporting life as we know it? A new study finds evidence to support the latter by identifying similarities between soils found on Mars...

      

      
        Can we predict how fast cognitive decline will occur with early Alzheimer's?
        A new study looks at predicting how quickly people with early Alzheimer's disease will experience cognitive decline. The study also looked at how the new drugs recently approved for the disease may reduce decline.

      

      
        Prime editing efficiently corrects cystic fibrosis mutation in human lung cells
        Cystic fibrosis is one of the most common genetic disorders, causing thick mucus build-up in the lungs and other parts of the body, breathing problems, and infection. Now, researchers have developed a gene-editing approach that efficiently corrects the most common mutation that causes cystic fibrosis, found in 85 percent of patients. With further development, it could pave the way for treatments that are administered only once and have fewer side effects. The new method precisely and durably corr...

      

      
        Planted mangroves' ability to store carbon
        Ecologists have published new findings on how planted mangroves can store up to 70% of carbon stock to that found in intact stands after only 20 years.

      

      
        New immune cell therapy benefits laboratory models of ALS and has some positive results in an individual with the disease
        The study provides the basis for a phase I clinical trial in additional participants.

      

      
        Trial of cell-based therapy for high-risk lymphoma leads to FDA breakthrough designation
        CAR-T cell therapy helps some with intractable lymphoma, but those who relapse have few options. Modifying the therapy's molecular target improved response.

      

      
        Major trial looks at most effective speech therapy for people with Parkinson's disease
        A major clinical trial has shown the Lee Silverman Voice Treatment (LSVT LOUD ) is more effective than the current speech and language therapy commonly provided, when treating patients with Parkinson's disease (PD).

      

      
        A new twist on artificial 'muscles' for safer, softer robots
        Engineers have developed a new soft, flexible device that makes robots move by expanding and contracting -- just like a human muscle. To demonstrate their new device, called an actuator, the researchers used it to create a cylindrical, worm-like soft robot and an artificial bicep. In experiments, the cylindrical soft robot navigated the tight, hairpin curves of a narrow pipe-like environment, and the bicep was able to lift a 500-gram weight 5,000 times in a row without failing.

      

      
        Pumpkin disease not evolving, could make a difference for management
        The pathogen that causes bacterial spot is very good at what it does. Forming small lesions on the rinds of pumpkins, melons, cucumbers, and other cucurbits, it mars the fruits' appearance and ushers in secondary pathogens that lead to rot and severe yield loss. The bacterium, Xanthomonas cucurbitae, is so successful that it has had no reason to evolve through time or space.

      

      
        Cirrhosis affects twice as many transgender adults as cisgender adults, study finds
        A new study has found a startling disparity in the frequency of liver disease for transgender individuals and highlights the need for more specialized care.

      

      
        Rapid growth, persistent challenges in telemedicine adoption among US hospitals
        A new study shows a significant increase in telemedicine services offered by U.S. hospitals from 2017 to 2022, while also highlighting persistent barriers to its full implementation.

      

      
        Greater focus needed on how existing international law can prevent the increasing militarization of outer space
        There is a pressing need for countries and international organizations to understand better how existing international law can help them address serious concerns about the militarization of outer space, a new study says.

      

      
        Chronic allergic disorder EoE's rising incidence in Japan confirmed by large-scale data analysis
        Researchers have uncovered the incidence and prevalence of the chronic allergic disorder eosinophilic esophagitis, or EoE, which can cause difficulty in swallowing as eosinophils, a type of white blood cell, build up in the esophagus.

      

      
        New technology can detect kidney diseases earlier than standard methods
        Researchers have developed a method that can change the way we diagnose and treat kidney diseases.

      

      
        Atlas of proteins reveals inner workings of cells
        Researchers discover how proteins behave inside cells using AI, which has the potential to guide drug design.

      

      
        Discovery of a new defense mechanism in bacteria
        When confronted with an antibiotic, toxic substance, or other source of considerable stress, bacteria are able to activate a defense mechanism using cell-to-cell communication to 'warn' unaffected bacteria, which can then anticipate, shield themselves and spread the warning signal.

      

      
        Mozambican Woodlands could store more than double the carbon previously estimated
        The capacity of Mozambican woodlands to capture and store carbon is underestimated and potentially undervalued for their protection and restoration, finds new research from an international team of scientists.

      

      
        Research reveals the most complete dinosaur discovered in the UK in a century
        The most complete dinosaur discovered in the UK in the last 100 years, with a pubic hip bone the size of a 'dinner plate', has been described in a new article.

      

      
        A breakthrough on the edge: One step closer to topological quantum computing
        Researchers have achieved a significant breakthrough in quantum materials, potentially setting the stage for advancements in topological superconductivity and robust quantum computing.

      

      
        Not so simple: Mosses and ferns offer new hope for crop protection
        Mosses, liverworts, ferns and algae may offer an exciting new research frontier in the global challenge of protecting crops from the threat of disease.

      

      
        Wolves' return has had only small impact on deer populations in NE Washington
        Wolves returned to Washington state in 2008. A new study shows that, despite their rising numbers, wolves are not having much of an impact on white-tailed deer, one of their primary prey. Scientists report that the biggest factor shaping white-tailed deer populations in northeast Washington is the quality of habitat available, which is largely determined by human activity. Cougars were second in their impact. Wolves were a distant third.

      

      
        Researchers customize AI tools for digital pathology
        Scientists developed and tested new artificial intelligence (AI) tools tailored to digital pathology--a rapidly growing field that uses high-resolution digital images created from tissue samples to help diagnose disease and guide treatment.

      

      
        Young people believe that artificial intelligence is a valuable tool for healthcare
        Children and young people are generally positive about artificial intelligence (AI) and think it should be used in modern healthcare.

      

      
        The origins of dark comets
        Up to 60% of near-Earth objects could be dark comets, mysterious asteroids that orbit the sun in our solar system that likely contain or previously contained ice and could have been one route for delivering water to Earth, according to a new study.

      

      
        Cystic fibrosis: School-aged children benefit from triple combination therapy
        Cystic fibrosis is a hereditary disease that so far has been incurable. Those affected have thick, viscous mucus secretions in their lungs, and lung function diminishes steadily over time. Today, triple combination therapy makes it possible to address the root causes of the defect underlying the disease. This form of treatment was recently approved for children in addition to adults.

      

      
        Researchers elucidate mechanism behind cardiac fibrosis, opening way for new heart failure treatments
        Cardiovascular disease often culminates in heart failure, a hallmark of which is fibrosis, a form of tissue scarring. Cardiac fibrosis initially repairs damaged heart tissue, but it can quickly become excessive and pathological. Identifying the mechanisms behind fibrosis is a focal point in cardiovascular research, and now scientists discovered a critical genetic mechanism driving the process -- and they have identified a target for reversing it.

      

      
        The detection of a massive harmful algal bloom in the Arctic prompts real-time advisories to western Alaskan communities
        A summer 2022 research cruise that detected a massive and highly toxic harmful algal bloom (HAB) in the Bering Strait has provided a dramatic example of science that utilized new technology to track a neurotoxic HAB and effectively communicate that information in real-time to protect remote communities in coastal Alaska.

      

      
        New form of repetitive magnetic brain stimulation reduces treatment time for bipolar disorder
        A potential new treatment for bipolar disorder (BP) that significantly shortens treatment time has emerged, following a randomized clinical trial using accelerated intermittent theta burst stimulation (aiTBS). While current theta burst stimulation (TBS) treatments can take between four and six weeks to administer, this new technique reduces treatment to five days.

      

      
        The Gulf Stream is wind-powered and could weaken from climate change
        New evidence of changes to the Gulf Stream during the last ice age could indicate additional sensitivity to future climatic changes, finds a new study.

      

      
        Discovery could help reduce adverse side effects of popular next-generation obesity medications
        By teasing apart the therapeutic benefits from the adverse effects of new generation obesity medications, researchers found a population of neurons in the brain that controls food intake without causing nausea in an animal model.

      

      
        The molecule that could alleviate stroke-related brain injury
        New research identifies novel path to protecting the brain from stroke-induced damage.

      

      
        Scientists discover a cause of lupus and a possible way to reverse it
        Scientists have discovered a molecular defect that promotes the pathologic immune response in systemic lupus erythematosus (known as lupus) and show that reversing this defect may potentially reverse the disease.

      

      
        Big gain in battle against harmful bacteria
        An unexpected find has enabled important progress to be made in the battle against harmful bacteria.

      

      
        When there's money to lose, phone usage while driving drops
        Researchers discovered that feedback plus cash incentives designed with insights from behavioral science reduces phone use while driving.

      

      
        Molecular atlas of blood vessel pathways in the human brain, across early brain development, adulthood and disease
        Researchers have built the first-ever molecular atlas of the human brain vasculature at single-cell resolution, spanning from early development to adulthood and through disease stages such as brain tumors and brain vascular malformations.

      

      
        Strong evidence for intermediate-mass black hole in Omega Centauri
        Most known black holes are either extremely massive, like the supermassive black holes that lie at the cores of large galaxies, or relatively lightweight, with a mass of under 100 times that of the Sun. Intermediate-mass black holes (IMBHs) are scarce, however, and are considered rare 'missing links' in black hole evolution.
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Unveiling 1,200 years of human occupation in Canada's Arctic | ScienceDaily
A recent study provides new insights into ancient cultures in Canada's Arctic, focusing on Paleo-Inuit and Thule-Inuit peoples over thousands of years. Jules Blais, professor of biology at the University of Ottawa, and a team of researchers detected human presence and settlements on Somerset Island, Nunavut, by analyzing sediment samples.


						
The Arctic has been home to various cultures, such as the Paleo-Inuit (2500 BCE to 1250 CE) and the Thule-Inuit (1200 to 1500 CE). Although historical evidence is scarce, this recent study provides valuable insight into their presence.

The study discovered evidence of Paleo-Inuit presence on Somerset Island in Nunavut, Canada, where it was lacking. The innovative research methodologies revealed detailed information about past human history without traditional artifacts.

Professor Jules Blais says, "By analyzing pond sediment samples, we were able to construct detailed histories of site occupation. This includes clear evidence of Paleo-Inuit presence and indications that the Thule-Inuit arrived earlier than previously estimated."

The research used archeological evidence and sedimentary biomarkers to study prehistoric settlement on Somerset Island. Sediment cores from island ponds were analyzed for trace elements and organic compounds. Results showed that the Thule-Inuit population increased from the 13th to 15th centuries. The researchers also showed high levels of metals like lead, copper, zinc and nickel in twentieth-century sediment, suggesting air pollution during that time.

Blais says, "We used generalized additive models (GAMs) and radiocarbon dating techniques to identify key time points in the sediment record corresponding to the expected dates of Thule-Inuit arrival and site abandonment. This approach allowed us to detect periods of significant change in sediment proxies, providing a chronological framework for understanding the history of human occupation on the island."

This research underscores the importance of interdisciplinary approaches in archeology and highlights the significance of sedimentary archives in reconstructing past human activities and environmental conditions.

Blais explains the broader implications of the study. "The use of sedimentary biomarkers and bone samples to uncover prehistoric habits demonstrates the strength of interdisciplinary studies. Our discoveries not only enhance our knowledge of the Thule-Inuit and Paleo-Inuit communities in the Arctic but also demonstrate the potential of new archeological techniques."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240711111415.htm
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Dark matter in dwarf galaxy tracked using stellar motions | ScienceDaily
The qualities and behavior of dark matter, the invisible "glue" of the universe, continue to be shrouded in mystery. Though galaxies are mostly made of dark matter, understanding how it is distributed within a galaxy offers clues to what this substance is, and how it's relevant to a galaxy's evolution.


						
While computer simulations suggest dark matter should pile up in a galaxy's center, called a density cusp, many previous telescopic observations have indicated that it is instead more evenly dispersed throughout a galaxy. The reason for this tension between model and observation continues to puzzle astronomers, reinforcing the mystery of dark matter.

A team of astronomers has turned toward NASA's Hubble Space Telescope to try and clarify this debate by measuring the dynamic motions of stars within the Draco dwarf galaxy, a system located roughly 250,000 light-years from Earth. Using observations that spanned 18 years, they succeeded in building the most accurate three-dimensional understanding of stars' movements within the diminutive galaxy. This required scouring nearly two decades of Hubble archival observations of the Draco galaxy.

"Our models tend to agree more with a cusp-like structure, which aligns with cosmological models," said Eduardo Vitral of the Space Telescope Science Institute (STScI) in Baltimore and lead author of the study. "While we cannot definitively say all galaxies contain a cusp-like dark matter distribution, it's exciting to have such well measured data that surpasses anything we've had before."

Charting the Movements of Stars

To learn about dark matter within a galaxy, scientists can look to its stars and their movements that are dominated by the pull of dark matter. A common approach to measure the speed of objects moving in space is by the Doppler Effect -- an observed change of the wavelength of light if a star is approaching or receding from Earth. Although this line-of-sight velocity can provide valuable insight, only so much can be gleaned from this one-dimensional source of information.

Besides moving closer or further away from us, stars also move across the sky, measured as their proper motion. By combining line-of-sight velocity with proper motions, the team created an unprecedented analysis of the stars' 3D movements.




"Improvements in data and improvements in modeling usually go hand in hand," explained Roeland van der Marel of STScI, a co-author of the paper who initiated the study more than 10 years ago. "If you don't have very sophisticated data or only one-dimensional data, then relatively straightforward models can often fit. The more dimensions and complexity of data you gather, the more complex your models need to be to truly capture all the subtleties of the data."

A Scientific Marathon (Not a Sprint)

Since dwarf galaxies are known to have a higher proportion of dark matter content than other types of galaxies, the team honed in on the Draco dwarf galaxy, which is a relatively small and spheroidal nearby satellite of the Milky Way galaxy.

"When measuring proper motions, you note the position of a star at one epoch and then many years later measure the position of that same star. You measure the displacement to determine how much it moved," explained Sangmo Tony Sohn of STScI, another co-author of the paper and the principal investigator of the latest observational program. "For this kind of observation, the longer you wait, the better you can measure the stars shifting."

The team analyzed a series of epochs spanning from 2004 to 2022, an extensive baseline that only Hubble could offer, due to the combination of its sharp stable vision and record time in operation. The telescope's rich data archive helped decrease the level of uncertainty in the measurement of the stars' proper motions. The precision is equivalent to measuring an annual shift a little less than the width of a golf ball as seen on the Moon from Earth.

With three dimensions of data, the team reduced the amount of assumptions applied in previous studies and considered characteristics specific to the galaxy -- such as its rotation, and distribution of its stars and dark matter -- in their own modeling efforts.




An Exciting Future

The methodologies and models developed for the Draco dwarf galaxy can be applied to other galaxies in the future. The team is already analyzing Hubble observations of the Sculptor dwarf galaxy and the Ursa Minor dwarf galaxy.

Studying dark matter requires observing different galactic environments, and also entails collaboration across different space telescope missions. For example, NASA's upcoming Nancy Grace Roman Space Telescope will help reveal new details of dark matter's properties among different galaxies thanks to its ability to survey large swaths of the sky.

"This kind of study is a long-term investment and requires a lot of patience," reflected Vitral. "We're able to do this science because of all the planning that was done throughout the years to actually gather these data. The insights we've collected are the result of a larger group of researchers that has been working on these things for many years."

These results are accepted for publication in The Astrophysical Journal.

The Hubble Space Telescope has been operating for over three decades and continues to make ground-breaking discoveries that shape our fundamental understanding of the universe. Hubble is a project of international cooperation between NASA and ESA (European Space Agency). NASA's Goddard Space Flight Center in Greenbelt, Maryland, manages the telescope and mission operations. Lockheed Martin Space, based in Denver, Colorado, also supports mission operations at Goddard. The Space Telescope Science Institute (STScI) in Baltimore, Maryland, which is operated by the Association of Universities for Research in Astronomy, conducts Hubble science operations for NASA.
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First ever 3D reconstruction of 52,000-year-old woolly mammoth chromosomes thanks to serendipitously freeze-dried skin | ScienceDaily
An international research team has assembled the genome and 3D chromosomal structures of a 52,000-year-old woolly mammoth -- the first time such a feat has been achieved for any ancient DNA sample. The fossilized chromosomes, which are around a million times longer than most ancient DNA fragments, provide insight into how the mammoth's genome was organized within its living cells and which genes were active within the skin tissue from which the DNA was extracted. This unprecedented level of structural detail was retained because the mammoth underwent freeze-drying shortly after it died, which meant that its DNA was preserved in a glass-like state. The results are presented July 11 in the journal Cell.


						
"This is a new type of fossil, and its scale dwarfs that of individual ancient DNA fragments -- a million times more sequence," says corresponding author Erez Lieberman Aiden, Director of the Center for Genome Architecture at Baylor College of Medicine. "It is also the first time a karyotype of any sort has been determined for an ancient sample."

Knowing the three-dimensional architecture of a genome provides a lot of additional information beyond its sequence, but most ancient DNA specimens consist of very small, scrambled DNA fragments. Building off work mapping the 3D structure of the human genome, Aiden thought that if the right ancient DNA sample could be found -- one with the 3D organization of the fragments still intact -- it would be possible to use the same strategies to assemble ancient genomes.

The researchers tested dozens of samples over the course of five years before landing on an unusually well-preserved woolly mammoth that was excavated in northeastern Siberia in 2018. "We think it spontaneously freeze-dried shortly after its death," says corresponding author Olga Dudchenko of the Center for Genome Architecture at Baylor College of Medicine. "The nuclear architecture in a dehydrated sample can survive for an incredibly long period of time."

To reconstruct the mammoth's genomic architecture, the researchers extracted DNA from a skin sample taken behind the mammoth's ear. They used a method called Hi-C that allows them to detect which sections of DNA are likely to be in close spatial proximity and interact with each other in their natural state in the nucleus.

"Imagine you have a puzzle that has three billion pieces, but you don't have the picture of the final puzzle to work from," says corresponding author Marc A. Marti-Renom, an ICREA research professor and structural genomicist at the Centre Nacional d'Analisi Genomica (CNAG) and the Centre for Genomic Regulation (CRG) in Barcelona. "Hi-C allows you to have an approximation of that picture before you start putting the puzzle pieces together."

Then, they combined the physical information from the Hi-C analysis with DNA sequencing to identify the interacting DNA sections and create an ordered map of the mammoth's genome, using the genomes of present-day elephants as a template. The analysis revealed that woolly mammoths had 28 chromosomes -- the same number as present-day Asian and African elephants. Remarkably, the fossilized mammoth chromosomes also retained a huge amount of physical integrity and detail, including the nanoscale loops that bring transcription factors in contact with the genes they control.




By examining the compartmentalization of genes within the nucleus, the researchers were able to identify genes that were active and inactive within the mammoth's skin cells -- a proxy for epigenetics or transcriptomics. The mammoth skin cells had distinct gene activation patterns compared to the skin cells of its closest relative, the Asian elephant, including for genes potentially related to its woolly-ness and cold tolerance.

"For the first time, we have a woolly mammoth tissue for which we know roughly which genes were switched on and which genes were off," says Marti-Renom. "This is an extraordinary new type of data, and it's the first measure of cell-specific gene activity of the genes in any ancient DNA sample."

Although the method used in this study hinges on unusually well-preserved fossils, the researchers are optimistic that it could be used to study other ancient DNA specimens -- from mammoths to Egyptian mummies -- as well as more recently preserved museum specimens.

For mammoths, the next steps would include examining the epigenetic patterns of other tissues. "These results have obvious consequences for contemporary efforts aimed at woolly mammoth de-extinction," says corresponding author M. Thomas Gilbert, a paleo-genomicist at the University of Copenhagen and the Norwegian University of Science and Technology.
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Creativity starts in the cradle, new research shows | ScienceDaily
Infants less than a year old can combine simple concepts into complex ideas, showing that creativity begins in babyhood.


						
According to new research at the University of Birmingham, in the UK, and Central European University, in Austria and Hungary, babies are not only capable of creative thinking well before starting to speak, but this sort of thinking may be essential for language acquisition.

In the study, published in PNAS, the researchers set out to explore the origins of human creativity and productive thinking to try to find out how people arrive at completely new thoughts and ideas. The basic mechanism for doing this is taking familiar concepts and combining them into new structures, but little is known about how early in life these abilities can be used.

The researchers found that babies were able to very quickly learn new words that describe small quantities -- an impressive achievement -- and combine these spontaneously with familiar words to fully understand a phrase.

Lead researcher, Dr Barbara Pomiechowska, carried out the research while a postdoctoral fellow at the Central European University (CEU). She is now an assistant professor in the School of Psychology, at the University of Birmingham, in the UK.

Dr Pomiechowska said: "Human creativity has no boundaries: it has taken us to the moon and allowed us to cure deadly diseases -- but despite its importance, we don't yet know when and how this impressive ability to combine ideas and invent new things emerges. This research shows that we must go right back to the beginning of language acquisition to solve this puzzle."

In the study, the researchers worked with a cohort of 60 babies, all around the age of 12 months. They started by teaching the babies two novel words describing quantity: 'mize', to mean 'one', and 'padu', to mean 'two'.

Then the babies were asked to combine these new number words with different object names, for example to identify 'padu ducks' from among a choice of images. By teaching novel words to represent quantities, the researchers were able to test the babies' ability to combine concepts in real time, rather than simply recall combinations of words that they already knew from previous experience.

By using eye-tracking technology to monitor where the babies look, the researchers were able to show that the infants could successfully combine the two concepts to understand what they were being asked about.

Dr Agnes Kovacs, from CEU's Department of Cognitive Science and CEU's Cognitive Development Center, added: "For babies, this ability to combine different concepts is likely to help not only to interpret the complex language input, but also to learn about different aspects of the physical and social world. For adults, it's an ability that helps to move past everything that's already been thought of, opening the mind towards endless possibilities."
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New study provides enhanced understanding of tropical atmospheric waves | ScienceDaily
In a groundbreaking meteorological study, an international team of researchers from the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science, the European Centre for Medium-Range Weather Forecasts (ECMWF; Reading, UK), and the National Center for Atmospheric Research (NCAR; Boulder, CO) are improving scientific understanding of atmospheric waves in the tropics, including how they impact extreme weather events like hurricanes and heavy rainfall.


						
The collaborative research team focused on a specific type of atmospheric wave, known as Convectively Coupled Kelvin Waves, (CCKWs), which are massive waves over 1,000-miles long that travel in Earth's atmosphere along the equator and significantly influence global rainfall patterns. The study, published June 1, 2024, in the American Geophysical Union's Journal of Advances in Modeling Earth Systems, provides researchers with a new way to study the behavior and attributes of these Kelvin waves in weather forecast models.

"Our findings suggest that improving the simulation of these Kelvin waves in weather models could enhance the accuracy of predictions for other high-impact weather features," said Quinton Lawton, a recent graduate of the Rosenstiel School's Department of Atmospheric Sciences and a lead author of the study. "This has the potential to provide communities, especially those in tropical regions, with more lead time and readiness for destructive weather."

Utilizing NCAR's high-performance computing system and cutting-edge weather models including the Model for Prediction Across Scales -- Atmosphere (MPAS-A) and ECMWF's Integrated Forecast System (IFS), the team simulated several Kelvin waves from 2021. One notable Kelvin wave over the Atlantic Ocean was linked to the formation of Tropical Storm Victor.

The study found that current weather forecast models poorly simulated an Atlantic Ocean CCKW, indicating a need for future improvements in weather forecasting systems to better predict these waves and, consequently, other extreme weather events.

The researchers introduced a novel methodology for modifying the strength of Kelvin waves in weather forecast models. With this new tool, researchers will be able to better quantify the characteristics and impacts of Kelvin waves, enhancing our understanding of how these waves are represented in weather forecast models.

Kelvin waves are now recognized for their role in increasing the likelihood of hurricane formation and triggering extreme rainfall events. In a previous study by Rosenstiel School scientists Lawton and Sharan Majumdar published in 2023, they explain how these waves can encourage tropical cyclone formation in the Atlantic.

This study represents the culmination of two years of collaborative research, originating from the lead student author's PhD dissertation at the University of Miami. The work brings together expertise and resources from UM, NCAR, and ECMWF to push the boundaries of meteorological science.

"The research is a step towards better understanding and predicting the tropical atmosphere," said study coauthor Sharan Majumdar, a professor of atmospheric sciences at the Rosenstiel School. "The study also highlights the need for further research into why current models struggle with accurately simulating these waves."
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A new species of extinct crocodile relative rewrites life on the Triassic coastline | ScienceDaily
The surprising discovery of a new species of extinct crocodile relative from the Triassic Favret Formation of Nevada, USA, rewrites the story of life along the coasts during the first act of the Age of Dinosaurs. Described in a study published in Biology Letters, the new species Benggwigwishingasuchus eremicarminis reveals that while giant ichthyosaurs ruled the oceans, the ancient crocodile kin known as pseudosuchian archosaurs ruled the shores across the Middle Triassic globe between 247.2 and 237 million years ago.


						
"This exciting new species demonstrates that pseudosuchians were occupying coastal habitats on a global basis during the Middle Triassic," said Dr. Nate Smith, lead author of the paper, and Gretchen Augustyn Director and Curator of the Dinosaur Institute at the Natural History Museum of Los Angeles County.

Capturing fossil life from the eastern Panthalassan Ocean of the Triassic, the locality that includes the Favret Formation is known for fossils of sea-going creatures like ammonites along with marine reptiles like the giant ichthyosaur C. youngorum -- finding the newly described B. eremicarminis came as a bit of a shock.

"Our first reaction was: What the hell is this?" said co-author Dr. Nicole Klein of the University of Bonn. "We were expecting to find things like marine reptiles. We couldn't understand how a terrestrial animal could end up so far out in the sea among the ichthyosaurs and ammonites. It wasn't until seeing the nearly completely prepared specimen in person that I was convinced it really was a terrestrial animal."

Pseudosuchian archosaurs have been unearthed in fossil beds from the shores of the ancient Tethys Ocean, but this is the first coastal representative from the Panthalassan Ocean and western hemisphere, revealing that these crocodile relatives were present in coastal environments worldwide during the Middle Triassic. Interestingly, these coastal species aren't all from the same evolutionary group, suggesting that pseudosuchians (and archosauriforms more broadly) were independently adapting to life along the shores.

"Essentially, it looks like you had a bunch of very different archosauriform groups deciding to dip their toes in the water during the Middle Triassic. What's interesting, is that it doesn't look like many of these 'independent experiments' led to broader radiations of semi-aquatic groups," said Smith.

During the Triassic, archosaurs, "the ruling reptiles," arose and split into two groups with two surviving representatives: birds, the descendants of dinosaurs, and crocodilians (alligators, crocodiles, and gharials), the descendants of pseudosuchian archosaurs like B. eremicarminis. While today's crocodilians are similar enough to be mistaken for one another by most people, their ancient relatives varied wildly in size and lifestyle. The evolutionary relationships of B. eremicarminis and its relatives suggest that pseudosuchians achieved great diversity very quickly following the End-Permian mass extinction -- the extent of which is waiting to be discovered in the fossil record.




"A growing number of recent discoveries of Middle Triassic pseudosuchians are hinting that an underappreciated amount of morphological and ecological diversity and experimentation was happening early in the group's history. While a lot of the public's fascination with the Triassic focuses on the origin of dinosaurs, it's really the pseudosuchians that were doing interesting things at the beginning of the Mesozoic," Smith said.

The new species underlines the multiplicity of these ancient reptiles during the Triassic, from giants like Mambawakale ruhuhu to smaller animals like the newly described B. eremicarminis, which probably reached around 5-6 feet in length. Exactly how long B. eremicarminis was and how it survived along the coasts remains shrouded in the past. Only a few elements of the individual's skull were found, and any clues to how it fed and hunted are similarly absent. What's more clear is that B. eremicarminis likely stuck pretty close to the shore. Its well-preserved limbs are well-developed without any of the signs of aquatic living like flippers or altered bone density.

The research team wanted a name that paid respect to the original human inhabitants of the Augusta Mountains where the specimen was found, and so consulted a member of the Fallon Paiute Shoshone Tribe to decide on an appropriate name."Benggwi-Gwishinga," a word that means "catching fish" in Shoshone, was combined with the Greek word for Sobek, the Egyptian crocodile-headed god, to coin the new genus, Benggwigwishingasuchus. The specific epithet eremicarminis translates to "desert song," honoring two supporters of NHMLAC who have a passion for the paleontology and opera of the Southwest. Thus, the full name is meant to translate roughly as "Fisherman Croc's Desert Song."
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Researchers pinpoint brain cells that delay first bite of food | ScienceDaily
Do you grab a fork and take a first bite of cake, or say no and walk away? Our motivation to eat is driven by a complex web of cells in the brain that use signals from within the body, as well as sensory information about the food in front of us, to determine our behaviors. Now, Scripps Research scientists have identified a group of neurons in a small and understudied region of the brain -- the parasubthalamic nucleus (PSTN) -- that controls when an animal decides to take a first bite of food.


						
In the study, published in Molecular Psychiatry on July 4, 2024, the team of scientists set out to selectively manipulate a group of PSTN cells that dial up their activity during periods of binge-eating. Other scientists have observed that many PSTN cells become active following a large meal, but the team wondered how these cells might influence appetite.

"In our study, we used a technique that let us turn on cells in the mouse brain that were activated by a specific experience -- in this case, binge-eating," says Jeff Dunning, PhD, a staff scientist at Scripps Research and first author of the new paper. "Once we have captured this ensemble of PSTN cells, we can turn them on like a light switch and watch what happens to the animals' eating and drinking."

The research team found that the ensemble of cells sensitive to binge-eating were capable of drastically changing the behavior of mice. Hungry mice normally start chowing down on food quickly once it becomes available to them. But when researchers turned on this ensemble of PSTN cells, mice were much slower to begin eating and, surprisingly, much faster to drink water.

"Our results tell us that this specific group of PSTN cells guide the early stages of hunger-driven decision making, before eating actually occurs," says Dunning. "The effect on water drinking is somewhat counterintuitive, but it might be related to prandial thirst -- the phenomenon whereby thirst gets stimulated as soon as we start eating."

By manipulating even smaller sets of cells within the PSTN, the team pieced apart exactly which groups of cells were responsible for the delayed eating and accelerated drinking. They also discovered that yet another group of PSTN cells drives a different effect, urging the mice to eat more sweet foods.

"Altogether, these results reveal that PSTN neurons exert a complex combination of functions," says senior author Candice Contet, PhD, associate professor in the Department of Molecular Medicine at Scripps Research. "Several studies had previously shown that PSTN activity can limit the amount of food eaten, but the fact that certain PSTN neurons control the onset of feeding or drinking, or even promote the consumption of food 'treats,' is entirely novel."

Contet, Dunning and colleagues think that their findings may have relevance for eating disorders where people have either too much or not enough control over the initiation of feeding -- the decision to succumb to that first bite or wait longer. Beyond food and water, similar mechanisms may be at play in the loss of control over the consumption of rewarding substances such as drugs of abuse, which the team is currently investigating.

In addition to Contet and Dunning, authors of the study, "The parasubthalamic nucleus refeeding ensemble delays feeding initiation and hastens water drinking," include Catherine Lopez, Colton Krull, Max Kreifeldt, Maggie Angelo and Leeann Shu of Scripps Research; and Charu Ramakrishnan and Karl Deisseroth of Stanford University. 

This work was supported by funding from the National Institutes of Health (AA026685, AA027636, AA006420, AA027372, and AA007456).
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Combination treatment can increase human insulin-producing cells in vivo | ScienceDaily
In preclinical studies, a team of researchers from Mount Sinai Health System in New York City and City of Hope in Los Angeles report new findings on a therapeutic combination that regenerated human insulin-producing beta cells, providing a possible new treatment for diabetes. The findings were published today in Science Translational Medicine.


						
This work, led by Andrew F. Stewart, MD, Irene and Dr. Arthur M. Fishberg Professor of Medicine and Director of the Mount Sinai Diabetes, Obesity and Metabolism Institute, began at the Icahn School of Medicine at Mount Sinai in 2015. The studies were a team effort. Adolfo Garcia-Ocana, PhD, formerly a professor at Mount Sinai and who is now at City of Hope, a leading research center for diabetes and one of the largest cancer research and treatment organizations in the United States, and is the Ruth B. and Robert K. Lanman Chair in Gene Regulation and Drug Discovery Research and chair of the Department of Molecular & Cellular Endocrinology, and his research team designed the studies and performed the novel, extensive and detailed animal transplant and drug treatment models using beta cells from donors. Final studies took place at City of Hope in 2023.

For the study, the natural product harmine, which is found in some plants, was combined with a widely used class of type 2 diabetes therapy called GLP1 receptor agonists. Researchers transplanted a small number of human beta cells into mice that had no immune system and that also served as a standard model of type 1 and type 2 diabetes; these mice were treated with the combination therapy and their diabetes was rapidly reversed. Strikingly, human beta cell numbers increased by 700 percent over three months with this drug combination.

"This is the first time scientists have developed a drug treatment that is proven to increase adult human beta cell numbers in vivo. This research brings hope for the use of future regenerative therapies to potentially treat the hundreds of millions of people with diabetes," said Dr. Garcia-Ocana, the paper's corresponding author.

"It has been remarkable to watch this story unfold over the past 15 years," said Dr. Stewart, who, along with Peng Wang, PhD, Professor of Medicine (Endocrinology, Diabetes and Bone Disease) at Icahn Mount Sinai, conceived of and performed the initial high-throughput drug screen that led to the discovery of harmine described in Nature Medicine in 2015. "The steady progression from the most basic human beta cell biology, through robotic drug screening and now moving to human studies, illustrates the essential role for physician-scientists in academia and pharma."

Growing New Beta Cells

More than 10 percent of the world's adult population has diabetes, a disease defined by high blood sugar levels. In both type 1 and type 2 diabetes, a reduction in both the quantity and quality of insulin-producing beta cells causes high blood sugar. Unfortunately, none of the many commonly used diabetes therapies are able to increase human beta cell numbers, and therefore cannot completely reverse diabetes.




Fortunately, most people with diabetes have some residual beta cells, which is what inspired the research team to search for ways to restore their numbers. The team had previously shown that several different inhibitors of an enzyme in beta cells called DYRK1A can induce the proliferation of adult human beta cells in a tissue culture dish for a few days. But prior to this study, no one had shown the ability to expand human beta cells numbers in vivo in human islet grafts used in an animal model over many months.

To accurately measure the mass of human beta cells in the islet grafts, the team turned to Sarah A. Stanley, MBBCh, PhD, Associate Professor of Medicine (Endocrinology, Diabetes and Bone Disease), and Neuroscience, at Icahn Mount Sinai. Using an advanced laser microscopy tool called iDISCO+ that effectively makes biological tissue transparent, Dr. Stanley saw that beta cell mass was dramatically increased through mechanisms that included enhanced proliferation, function, and survival of the human beta cells. The technology allowed for accurate and rigorous quantitative assessment of engrafted human beta cells for the first time.

Translating Results to the Clinic

The Mount Sinai team recently completed a phase 1 clinical trial of harmine in healthy volunteers to test its safety and tolerability. At the same time, Robert J. DeVita, PhD, Professor of Pharmacological Sciences and Director of the Marie-Josee and Henry R. Kravis Drug Discovery Institute at Mount Sinai, has developed next-generation DYRK1A inhibitors. Mount Sinai is conducting studies to test these in humans for potential toxicity risks and estimate dosing for clinical trials, and is planning to initiate first-in-human trials with independent research teams next year. Mount Sinai owns an extensive patent portfolio covering these technologies.

Researchers also want to address the fact that in patients with type 1 diabetes, the immune system will continue to kill new beta cells. At City of Hope, Dr. Garcia-Ocana and colleague Alberto Pugliese, MD, Samuel Rahbar Chair in Diabetes & Drug Discovery, chair of the Department of Diabetes Immunology, and director of The Wanek Family Project for Type 1 Diabetes within the Arthur Riggs Diabetes & Metabolism Research Institute, plan to test inducers of beta cell regeneration together with immunomodulators that regulate the immune system. Their goal is for the combination to allow new beta cells to thrive and improve insulin levels.

"Our studies pave the way for moving DYRK1A inhibitors into human clinical trials and it's very exciting to be close to seeing this novel treatment used in patients," Dr. Garcia-Ocana said. "There is nothing like this available to patients right now."

The work outlined in the Science Translational Medicine paper was funded by grants from the National Institutes of Health (NIH), the National Institute of Diabetes Digestive and Kidney Disease, and BreakthroughT1D (formerly JDRF); as well as from philanthropic donations to Mount Sinai, support from The Wanek Family Project for Type 1 Diabetes at City of Hope, and additional generous philanthropic gifts.

Other critical members of the team include Mount Sinai's Carolina Rosselot, PhD; Yansui Li, PhD; and Alexandra Alvarsson, PhD. Additional City of Hope authors on the paper are Geming Lu, MD, assistant research professor, and Randy Kang, BS, senior research associate, who are both members of Dr. Garcia-Ocana's lab.

Drs. Stewart and DeVita are named co-inventors on patent applications for DYRK1A inhibitors, such as harmine, for the treatment of diabetes. These patent applications are filed through the Icahn School of Medicine at Mount Sinai and are currently unlicensed.
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New Co-STAR receptor shows promise treating cancers in laboratory study | ScienceDaily
Using genetic engineering techniques, investigators at the Johns Hopkins Kimmel Cancer Center and its Ludwig Center, the Lustgarten Laboratory and Bloomberg~Kimmel Institute for Cancer Immunotherapy have designed a novel type of cell to recognize and fight cancer.


						
To produce the cells, called Co-STAR (Co-stimulatory Synthetic T-cell receptor and Antigen Receptor) cells, the researchers combined genetic components of four types of cells that the body normally uses to defend against invaders to make a powerful new cell type: T-cell receptors (TCRs) from T cells, antibodies from B cells, MyD88 from white blood cells called monocytes, and CD40 from dendritic and other cells. The TCR and antibody components served as an "invader detecting device," recognizing cancer cells as foreign, and the "alarm" triggered by this hybrid detector was boosted by the MyD88 and C40 components.

In laboratory studies, Co-STARs led to a sustained anti-tumor response against human cancer cells growing in test tubes and in mice. A description of the work was published  in Science Translational Medicine.

T cell-based therapies are among the most promising approaches to treat advanced cancer and are the subject of intense research, explains lead study author Brian Mog, M.D., Ph.D., an internal medicine resident at Brigham and Women's Hospital in Boston. He was a medical and graduate student at the Johns Hopkins University School of Medicine when the research was conducted.

However, TCR and CAR (chimeric antigen receptor, usually using antibody as the detector), which are aimed at stimulating an immune response by activating T cells, each has limits. The combination of the two can overcome these limitations.

"We needed to make a new type of cell, because we were trying to target specific antigens called peptide-HLA (human leukocyte antigen) antigens, which are peptide fragments from mutant proteins inside the cancer cell that are displayed on the cell surface by peptide-holding proteins called HLAs," Mog explains. Their specific target was a peptide containing the R175H mutation of p53 (the 175th amino acid of p53 is mutated from arginine to histidine), displayed on the HLA-A2 allele (gene variation). This is the most common mutation in the tumor suppressor protein p53, which is in turn the most commonly mutated gene in human cancers.

However, these antigens are present at very low numbers (just one to 10) on a cancer cell, and the classic CAR format would not be able to react to such a small amount. "Our goal was to combine some of the advantages of the CAR format with those of the natural T cell receptor on T cells, supplemented with additional signaling boosters, so that they could fight cancers more effectively," Mog says.

The team went through multiple rounds of engineering to come up with the final design, testing their receptors in model cancer cell lines in test tubes and then in mouse models of cancer. The final Co-STAR T cells were able to continuously kill human cancer cells in test tubes. When tested in mouse models of cancer, Co-STARs induced a robust, long-lasting proliferation of T cells that were able to induce profound remissions, and often cure, human cancer cells growing in mice. By contrast, more conventional T cells or CAR T cells were not able to eradicate the cancer cells in vitro and only brought about temporary tumor control in mice, with the cancers re-emerging days later.

"Brian's results demonstrated that Co-STAR T cells combine the advantages of many features of immune cells that normally fight infection in a way that allowed them to effectively kill cancer cells in mouse models," says co-senior investigator Bert Vogelstein, M.D., Clayton Professor of Oncology, Howard Hughes Medical Institute investigator and co-director of the Ludwig Center. "Co-STARs address some, but certainly not all, challenges confronting T cell-based therapeutics but are certainly worthy of continued investigation."

"I was, honestly, incredibly surprised that the Co-STARs worked so well in mice, given that I had generated so many different types of T cells over four years that could only slow the growth of cancers in mice" adds Mog. "Witnessing those cures was a very exciting moment."
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Novel genome editing approach restores hearing in adult preclinical models with genetic deafness | ScienceDaily
A team led by Mass Eye and Ear researchers has demonstrated for the first time a successful restoration of hearing through a novel, in vivo genome editing approach in an adult mouse model with a form of inherited deafness caused by mutations in microRNA. The researchers note that mouse and human microRNAs have identical sequences, and accordingly, hope their new study lays the foundation for translational research into applications in humans with deafness caused by these types of mutations.


						
The study also looked at safety of the AAV-mediated genome editing approach and found it had a good safety profile that includes little off-target effect and no detectable long-term integration of the AAV vector in the genome. "Our research suggested minimal potential risk and supports the feasibility of future clinical applications in humans," said Wenliang Zhu, PhD, and physician-scientist Wan Du, MD, PhD, members of Chen's lab at Mass Eye and Ear and first authors on the paper.

The study, led by Zheng-Yi Chen, DPhil, an associate scientist in the Eaton-Peabody Laboratories at Mass Eye and Ear (a member of the Mass General Brigham healthcare system), was published July 10 in Science Translational Medicine.

"Our findings provide a promising pathway for developing treatments by editing for many forms of genetic hearing loss," said Chen, who is the Ines and Fredrick Yeatts Chair in Otolaryngology at Mass Eye and Ear and an associate professor in Otolaryngology-Head and Neck Surgery at Harvard Medical School. "With further study, our intervention using genome editing could potentially halt or reverse hearing loss progression in affected individuals, including adults."

About one in 500 newborns suffer from genetic hearing loss and currently there are not any approved therapeutics to treat deafness.

In the new study, researchers targeted a specific mutation in the microRNA-96 (MiR-96) gene that causes progressive hearing loss in mice and plays a crucial role in regulating gene expression in hair cells (sensory cells responsible for hearing) of mammals. In humans, this mutation has been identified as a cause of a form of dominant inherited progressive hearing loss called DFNA50. The researchers created a mouse model carrying the mutation that mirrored the progressive hearing loss in humans with DFNA50; by four weeks of age, these models exhibited complete hearing loss at high frequencies.

The team employed a CRISPR/Cas9 genome editing approach to target and disrupt this mutation, that was delivered to the inner ear through an injection of an adeno-associated virus (AAV) carrying the editing machinery. They compared injections at two time points, during early development and adult stages, and demonstrated robust preservation of auditory function in both cases long term, with earlier intervention proving most optimal.




The study also looked at safety of the AAV-mediated genome editing approach and found it had a good safety profile that includes little off-target effect and no detectable long-term integration of the AAV vector in the genome. This suggested minimal potential risk and supports the feasibility of future clinical applications in people.

Chen and his team have designed a construct to contain all known microRNA mutations to be used in humans, and in conjunction with Mass General Brigham's Gene and Cell Therapy Institute, plan to conduct IND-enabling studies in additional preclinical models in the hopes of moving this treatment approach into a first-in-human clinical trial. Studies like this one show the promise of gene therapy for treating conditions such as hearing loss. Mass General Brigham's Gene and Cell Therapy Institute is helping to translate scientific discoveries made by researchers into first-in-human clinical trials and, ultimately, life-changing treatments for patients.

This latest research from Chen and colleagues marks a significant step forward in the field of gene therapy for hearing disorders, offering hope for future clinical trials aimed at restoring auditory function in people with genetic forms of hearing impairment. Chen and his collaborators have also conducted clinical trials looking at a different gene therapy approach for another form of deafness, DFNB9 caused by mutations in the OTOF gene. That clinical trial in China has demonstrated positive results in children treated in one and both ears. Chen hopes the technology developed in the OTOF trial, such as minimally invasive AAV delivery into the human inner ears, will accelerate the development of editing therapy into the clinic.

"With more than 150 forms of genetic deafness, our research offers further hope for patients that previously lacked any options beyond a cochlear implant," said Chen. "These findings suggest a need for more rigorous studies building on proof-of-concept papers like these, to achieve our goal of developing different treatment approaches to target every one of these mutations."
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High-speed electron camera uncovers a new 'light-twisting' behavior in an ultrathin material | ScienceDaily
Using SLAC's instrument for ultrafast electron diffraction (MeV-UED), one of the lab's world-leading tools for ultrafast science, researchers discovered how an ultrathin material can circularly polarize light. This discovery sets up a promising approach to manipulate light for applications in optoelectronic devices.


						
While taking snapshots with the high-speed "electron camera" at the Department of Energy's SLAC National Acceleratory Laboratory, researchers discovered new behavior in an ultrathin material that offers a promising approach to manipulating light that will be useful for devices that detect, control or emit light, collectively known as optoelectronic devices, and investigating how light is polarized within a material. Optoelectronic devices are used in many technologies that touch our daily lives, including light-emitting diodes (LEDs), optical fibers and medical imaging.

As reported in Nano Letters, the team, led by SLAC and Stanford professor Aaron Lindenberg, found that when oriented in a specific direction and subjected to linear terahertz radiation, an ultrathin film of tungsten ditelluride, which has desirable properties for polarizing light used in optical devices, circularly polarizes the incoming light.

Terahertz radiation lies between the microwave and the infrared regions in the electromagnetic spectrum and enables novel ways of both characterizing and controlling the properties of materials. Scientists would like to figure out a way to harness that light for the development of future optoelectronic devices.

Capturing a material's behavior under terahertz light requires an advanced instrument capable of recording the interactions at ultrafast speeds, and SLAC's world-leading instrument for ultrafast electron diffraction (MeV-UED) at the Linac Coherent Light Source (LCLS) can do just that. Whereas the MeV-UED is normally used to visualize the motion of atoms by measuring how they scatter electrons after hitting a sample with an electron beam, this new work used the femtosecond electron pulses to visualize the electric and magnetic fields of the incoming terahertz pulses, which caused the electrons to wiggle back and forth. In the study, circular polarization was indicated by images of the electrons that showed a circular pattern rather than a straight line.

The ultrathin material was a mere 50 nanometers thick. "This is 1,000 to 10,000 times thinner than what we typically need to induce this type of response," said Lindenberg.

Researchers are excited about using these ultrathin materials, known as two-dimensional (2D) materials, to make optoelectronic devices smaller and capable of more functions. They envision creating devices from layers of 2D structures, like stacking Legos, Lindenberg said. Each 2D structure would be composed of a different material, precisely aligned to generate a specific type of optical response. These different structures and functionalities can be combined into compact devices that could find potential applications -- for example, in medical imaging or other types of optoelectronic devices.

"This work represents another element in our toolbox for manipulating terahertz light fields, which in turn could allow for new ways to control materials and devices in interesting ways," said Lindenberg.

The study was supported by the DOE Office of Science and used resources of the National Energy Research Scientific Computing Center (NERSC). LCLS and NERSC are DOE Office of Science user facilities.
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Loneliness increases risk of age-related memory loss | ScienceDaily
About a third of Canadians feel lonely, and a study from the University of Waterloo shows it has a greater negative impact on memory than even social isolation, though both present a significant risk to the aging population.


						
Loneliness is a subjective emotion that people might feel even while engaging in social activities. It is often associated with depression and an increase in stress hormones that may contribute to impaired memory.

Waterloo researchers examined four combinations of social isolation and loneliness and their effect on memory in middle-aged and older adults over a six-year period. These combinations include being socially isolated and lonely, being only socially isolated, being only lonely and being neither.

"As we expected, people who were both socially isolated and lonely had the greatest decline in memory, which intensified over the six years," said Ji Won Kang, lead author on the paper and a PhD candidate in the School of Public Health Sciences at Waterloo. "But we were surprised to find that loneliness alone had the second-greatest impact on memory, even though so many studies report on the dangers of social isolation without considering loneliness."

Those who aren't lonely but are socially isolated may be stimulating their mental capacity with solo activities, such as reading, playing games and engaging in hobbies that improve memory and stimulate the brain, despite not engaging in social activities.

Kang hopes the findings of this research will highlight the need for community programs, especially for the combined group of older adults who are both socially isolated and lonely, and therefore at the highest risk of memory impairment.

"Older adults in the lonely category often have lower incomes than the other groups and may have structural barriers and health conditions preventing them from connecting to their communities," she said. "A solution could be to implement transportation or home-visit programs -- something to address the societal issues that lead to them being more isolated."

The group who is just lonely is the next priority, requiring a different approach.

"We would need to know what is causing their loneliness," Kang said. "They may be connected socially and have close relationships, but for example, maybe their marriage is falling apart and they would benefit from counselling."
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Lion with nine lives breaks record with longest swim in predator-infested waters | ScienceDaily
A record-breaking swim by two lion brothers across a predator-infested African river has been documented in a study co-led by Griffith University and Northern Arizona University.


						
Dr Alexander Braczkowski, from Griffith's Centre for Planetary Health and Food Security, led a team that filmed a two-male lion coalition crossing the Kazinga Channel in Uganda at night, using high-definition heat detection cameras on drones. The work was done under the supervision of the Uganda Wildlife Authority.

One half of the lion brother duo was a 10-year-old local icon known as Jacob, who became famous for surviving a multitude of life-threatening incidents, one of which left him with an amputated leg.

"Jacob has had the most incredible journey and really is a cat with nine lives," Dr Braczkowski said.

"I'd bet all my belongings that we are looking at Africa's most resilient lion: he has been gored by a buffalo, his family was poisoned for lion body part trade, he was caught in a poacher's snare, and finally lost his leg in another attempted poaching incident where he was caught in a steel trap.

"The fact that he and his brother Tibu have managed to survive as long as they have in a national park that has experienced significant human pressures and high poaching rates is a feat in itself -- our science has shown this population has nearly halved in just 5 years.

"His swim, across a channel filled with high densities of hippos and crocodiles, is a record-breaker and is a truly amazing show of resilience in the face of such risk."

Previous reported swims by African lions have ranged from 10 to a couple of hundred metres, some of which resulted in deaths by crocodile attacks.




The big swim prompts a key question: why did Jacob and Tibu risk the dangerous kilometre-long night swim in the first place?

"It's likely the brothers were looking for females," Dr Braczkowski explained.

"Competition for lionesses in the park is fierce and they lost a fight for female affection in the hours leading up to the swim, so it's likely the duo mounted the risky journey to get to the females on the other side of the channel."

"There is a small connecting bridge to the other side but the presence of people was probably a deterrent for them."

Dr Braczkowski has been running a long-term study of African lions and other predators in Queen Elizabeth and several other Ugandan National Parks.

He is currently the scientific director of the Volcanoes Safaris Partnership Trust's Kyambura Lion Project and has been working with the Ugandan Government since 2017 to build scientific capacity in the wildlife department to census lions and other predators.

This behavioural observation is a direct symptom of some of his previous research, highlighting skewed sex ratios in lion populations.

"Jacob and Tibu's big swim is another important example that some of our most beloved wildlife species are having to make tough decisions just to find homes and mates in a human-dominated world," Dr Braczkowski said.
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Nanoparticle vaccines enhance cross-protection against influenza viruses | ScienceDaily
To offer cross-protection against diverse influenza virus variants, nanoparticle vaccines can produce pivotal cellular and mucosal immune responses that enhance vaccine efficacy and broaden protection, according to a study by researchers in the Institute for Biomedical Sciences at Georgia State University.


						
The study, published in the journal Nature Communications,offers valuable insights into tailoring immunization strategies to optimize influenza vaccine effectiveness. To alleviate the significant public health burden of influenza epidemics and occasional pandemics, it's essential to enhance influenza vaccine cross-protection, according to the authors.

While the Centers for Disease Control and Prevention (CDC) recommends annual influenza vaccination, current seasonal influenza vaccines typically provide strain-specific and short-lived immunity. Seasonal influenza vaccines offer limited cross-protection against antigenically diverse virus variants and provide no defense against sporadic influenza pandemics, the authors explained.

"Developing effective influenza vaccines or vaccination strategies that can confer cross-protection against variant influenza viruses is a high priority to mitigate the public health consequences of influenza," said Dr. Chunhong Dong, first author of the study and a postdoctoral fellow in the Institute for Biomedical Sciences at Georgia State.

In the study, the researchers investigated the effects of immunization strategies on the generation of cross-protective immune responses in female mice using mRNA lipid nanoparticle (LNP) and protein-based polyethyleneimine-HA/CpG (PHC) nanoparticle vaccines targeting influenza hemagglutinin. The mice were immunized with either intramuscular mRNA LNP or intranasal PHC vaccines in a typical prime-plus-boost regimen. A variety of sequential immunization strategies were included in this study for parallel comparison.

"We demonstrated that cellular and mucosal immune responses are pivotal correlates of cross-protection against influenza," said Dr. Baozhong Wang, senior author of the study and a Distinguished University Professor in the Institute for Biomedical Sciences at Georgia State. "Notably, intranasal PHC immunization outperforms its intramuscular counterpart in inducing mucosal immunity and conferring cross-protection. Sequential mRNA LNP prime and intranasal PHC boost demonstrated optimal cross-protection against antigenically drifted and shifted influenza strains."

The study highlights the importance of immunization orders and indicates that in a sequential immunization, an mRNA vaccine priming plays an important role in steering the Th1/Th2 immune responses. Also, the intranasal PHC boost is crucial to the induction of mucosal immunity, Wang said.

Additional authors of the study include Wandi Zhu, Lai Wei, Joo Kyung Kim, Yao Ma and Sang-Moo Kang of the Institute for Biomedical Sciences at Georgia State.

The study is funded by the National Institutes of Health (NIH)/National Institute of Allergy and Infectious Diseases (NIAID).
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Mars likely had cold and icy past, new study finds | ScienceDaily
The question of whether Mars ever supported life has captivated the imagination of scientists and the public for decades. Central to the discovery is gaining insight into the past climate of Earth's neighbor: was the planet warm and wet, with seas and rivers much like those found on our own planet? Or was it frigid and icy, and therefore potentially less prone to supporting life as we know it? A new study finds evidence to support the latter by identifying similarities between soils found on Mars and those of Canada's Newfoundland, a cold subarctic climate.


						
The study, published July 7th in Communications Earth and Environment, looked for soils on Earth with comparable materials to Mars' Gale Crater. Scientists often use soil to depict environmental history, as the minerals present can tell the story of landscape evolution through time. Understanding more about how these materials formed could help answer long-standing questions about historical conditions on the red planet. The soils and rocks of Gale Crater provide a record of Mars' climate between 3 and 4 billion years ago, during a time of relatively abundant water on the planet -- and the same time period that saw life first appear on Earth.

"Gale Crater is a paleo lakebed -- there was obviously water present. But what were the environmental conditions when the water was there?" says Anthony Feldman, a soil scientist and geomorphologist now at DRI. "We're never going to find a direct analog to the Martian surface, because conditions are so different between Mars and Earth. But we can look at trends under terrestrial conditions and use those to try to extrapolate to Martian questions."

NASA's Curiosity Rover has been investigating Gale Crater since 2011, and has found a plethora of soil materials known as "X-ray amorphous material." These components of the soil lack the typical repeating atomic structure that defines minerals, and therefore can't be easily characterized using traditional techniques like X-ray diffraction. When X-rays are shot at crystalline materials like a diamond, for example, the X-rays scatter at characteristic angles based on the mineral's internal structure. However, X-ray amorphous material does not produce these characteristic "fingerprints." This X-ray diffraction method was used by the Curiosity Rover to demonstrate that X-ray amorphous material comprised between 15 and 73% of the soil and rock samples tested in Gale Crater.

"You can think of X-Ray amorphous materials like Jello," Feldman says. "It's this soup of different elements and chemicals that just slide past each other."

The Curiosity Rover also conducted chemical analyses on the soil and rock samples, finding that the amorphous material was rich in iron and silica but deficient in aluminum. Beyond the limited chemical information, scientists don't yet understand what the amorphous material is, or what its presence implies about Mars' historical environment. Uncovering more information about how these enigmatic materials form and persist on Earth could help answer persistent questions about the red planet.

Feldman and his colleagues visited three locations in search of similar X-ray amorphous material: the Tablelands of Gros Morne National Park in Newfoundland, Northern California's Klamath Mountains, and western Nevada. These three sites had serpentine soils that the researchers expected to be chemically similar to the X-ray amorphous material at Gale Crater: rich in iron and silicon but lacking in aluminum. The three locations also provided a range of rainfall, snowfall, and temperature that could help provide insight into the type of environmental conditions that produce amorphous material and encourage its preservation.




At each site, the research team examined the soils using X-ray diffraction analysis and transmission electron microscopy, which allowed them to see the soil materials at a more detailed level. The subarctic conditions of Newfoundland produced materials chemically similar to those found in Gale Crater that also lacked in crystalline structure. The soils produced in warmer climates like California and Nevada did not.

"This shows that you need the water there in order to form these materials," Feldman says. "But it needs to be cold, near-freezing mean annual temperature conditions in order to preserve the amorphous material in the soils."

Amorphous material is often considered to be relatively unstable, meaning that at an atomic level, the atoms haven't yet organized into their final, more crystalline forms. "There's something going on in the kinetics -- or the rate of reaction -- that is slowing it down so that these materials can be preserved over geologic time scales," Feldman says. "What we're suggesting is that very cold, close to freezing conditions, is one particular kinetic limiting factor that allows for these materials to form and be preserved."

"This study improves our understanding of the climate of Mars," Feldman says. "The results suggest that the abundance of this material in Gale Crater is consistent with subarctic conditions, similar to what we would see in, for instance, Iceland."
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Can we predict how fast cognitive decline will occur with early Alzheimer's? | ScienceDaily
A new study looks at predicting how quickly people with early Alzheimer's disease will experience cognitive decline. The study is published in the July 10, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. It also looked at how the new drugs recently approved for the disease may reduce decline.


						
"The rate of cognitive decline varies greatly from person to person, and people are very interested in what to expect from the disease in themselves or their loved ones, so better prediction models are urgently needed," said study author Pieter J. van der Veere, M.D., of Amsterdam University Medical Center, Netherlands.

The researchers developed models to predict how quickly people's scores would decline on a test of thinking and memory skills. Then they compared the models to actual results from people over time. They studied 961 people with an average age of 65 -- 310 had mild cognitive impairment and 651 had mild dementia. All had the amyloid-beta plaques in their brains that are an early sign of Alzheimer's disease and are targeted by the new drugs.

For the cognitive test, scores range from zero to 30, with scores of 25 and higher indicating no dementia, scores of 21 to 24 indicating mild dementia, scores of 10 to 20 indicating moderate dementia and scores lower than 10 indicating severe dementia. The test scores of the people with mild cognitive impairment declined from 26.4 at the beginning of the study to 21.0 five years later. The scores of people with mild dementia declined from 22.4 to 7.8 five years later.

The models were helpful in predicting the rate of cognitive decline, but also show the uncertainty of these predictions, van der Veere noted. For half of the people with mild cognitive impairment, the actual test score differed by less than two points from the predicted score. For the people with mild dementia, the scores differed by less than three points for half of the people.

The researchers determined that a hypothetical person with mild cognitive impairment, a baseline test score of 28 and a certain level of amyloid plaques would be predicted to reach the stage of moderate dementia (test score of 20 points) after six years. When a treatment with drugs would reduce the rate of decline by 30%, this person would not reach the stage of moderate dementia until after 8.6 years. For a hypothetical person with mild dementia, a baseline score of 21 and a certain level of amyloid, the predicted time to reach a score of 15 points was 2.3 years, or 3.3 years when decline would be reduced by 30%.

Van der Veere said, "We understand that people with cognitive problems and their care partners are most interested in answers to questions like 'How long can I drive a car?' or 'How long can I keep doing my hobby?' In the future, we hope that models will help make predictions about these questions about quality of life and daily functioning. But until then, we hope these models will help physicians translate these predicted scores into answers for people's questions."

A limitation of the study was that the cognitive tests were not always given at the same time of day and people with cognitive decline may score lower later in the day when they are more tired.

The study was supported by Eisai, ZonMW and Health~Holland, Top Sector Life Sciences & Health.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710195330.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Prime editing efficiently corrects cystic fibrosis mutation in human lung cells | ScienceDaily
Cystic fibrosis is one of the most common genetic disorders, causing thick mucus build-up in the lungs and other parts of the body, breathing problems, and infection. A three-drug cocktail known as Trikafta has greatly improved patient quality of life since its development in 2019, but can cause cataracts and liver damage and must be taken daily at a cost of about $300,000 per year.


						
Now, researchers at the Broad Institute of MIT and Harvard and the University of Iowa have developed a gene-editing approach that efficiently corrects the most common mutation that causes cystic fibrosis, found in 85 percent of patients. With further development, it could pave the way for treatments that are administered only once and have fewer side effects.

The new method, published today in Nature Biomedical Engineering, precisely and durably corrects the mutation in human lung cells, restoring cell function to levels similar to that of Trikafta. The approach is based on a technique called prime editing, which can make insertions, deletions, and substitutions up to hundreds of base pairs long in the genome with few unwanted byproducts. Prime editing was developed in 2019 by the lab of David Liu, who is the Richard Merkin Professor and director of the Merkin Institute of Transformative Technologies in Healthcare at the Broad, as well as a professor at Harvard University and a Howard Hughes Medical Institute investigator.

"We are hopeful that the use of prime editing to correct the predominant cause of cystic fibrosis might lead to a one-time, permanent treatment for this serious disease," said Liu, the senior author on the study. "Developing a strategy to efficiently correct this challenging mutation also provided a blueprint for optimizing prime editing to precisely correct other mutations that cause devastating disorders."

Postdoctoral researcher Alex Sousa and graduate student Colin Hemez, both from Liu's lab, were first authors on the study.

Gene repair

Cystic fibrosis is caused by mutations in the CFTR gene that impair ion channels in the cell membrane that pump chloride out of cells. There are more than 2,000 known variants of the CFTR gene, 700 of which cause disease. The most common is a three base-pair CTT deletion that causes the ion channel protein to misfold and degrade.

Correcting the CTT deletion in CFTR has long been the goal of gene-editing therapies by labs including Liu's, but most attempts have not been efficient enough to confer a therapeutic benefit, or use approaches such as CRISPR/Cas9 nuclease editing that generate double-stranded breaks in DNA, which can generate unwanted changes in the target gene and other locations in the genome.

Prime editing, a more flexible and controlled kind of gene editing that does not require double-stranded breaks, could help address this limitation. To more efficiently correct the CFTR mutation, Liu's team combined six different enhancements to the technology. These included improving the prime editing guide RNAs that program prime editor proteins to find their target and to make the desired edit, as well as modifying the prime editor protein itself and other changes that make the target site more accessible. In combination, these refinements corrected about 60 percent of the CTT deletions in human lung cells and about 25 percent in cells taken directly from patient lungs and grown in a dish, an increase from previous methods that corrected less than 1 percent of the mutation in cells. The new approach also generated 3.5 times fewer unwanted insertions and deletions per edit than previous methods that use the Cas9 nuclease enzyme.

Next, researchers will need to develop ways to package and deliver the prime editing machinery to the airways in mice and ultimately humans. The team is hopeful that recent developments such as lipid nanoparticles that reach the lungs in mice may help expedite translation of this approach.
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Planted mangroves' ability to store carbon | ScienceDaily
U.S. Forest Service ecologists and partners published new findings on how planted mangroves can store up to 70% of carbon stock to that found in intact stands after only 20 years.


						
Researchers have long known that mangroves are superstars of carbon absorption and storage. But until now, limited information existed on how long it took for carbon stored in planted mangroves to reach levels found in intact mangroves.

"About ten years ago, Sahadev Sharma, then with the Institute of Pacific Islands Forestry, and I discovered that 20-year-old mangrove plantations in Cambodia had carbon stocks comparable to those of intact forests," Rich MacKenzie, also with the Institute of Pacific Islands Forestry,stated.

MacKenzie and Sharma assembled a team of mangrove researchers that came together from across the globe to lend their expertise. Led by Carine Bourgeois from the Forest Service's International Programs office, the team used logistic models compiled from 40 years of data and built from almost 700 planted mangrove stands worldwide to measure carbon stock. They discovered, after 20 years, the trees' carbon stock reached 71-73% of that found in intact stands.

These research findings could have a positive impact on efforts to restore mangroves worldwide. Along with historical losses, human-driven land use change, extreme weather events, and erosion have wiped out 35 % of the global mangrove area over the past five decades.

"As our dataset grows and more data become available, we hope researchers and stakeholders will gain new insight into planning and techniques for restoring mangroves," Sharma stated.

Part of that research work also involves monitoring mangroves to see how they're faring.




"Periodic and regular monitoring of mangroves can provide useful data on survival and success of restoration efforts and can help devise adaptive management strategies as and when needed," Rupesh Bhomia, from the Center for International Forestry Research and World Agroforestry (CIFOR-ICRAF), stated.

Globally, there's more recognition that conserving and restoring mangroves is vital. These trees are not only powerhouses of carbon storage, but coastal guardians that act as barriers during tsunamis and storm surges. Mangroves also provide habitat for diverse species and nurseries for many aquatic animals.

But MacKenzie warns that mangrove plantations are not always a solution for restoring the trees.

"Properly planned and implemented mangrove plantations are more effective at restoring carbon stocks than are degraded stands. However, this does not mean that mangrove plantations are always the best restoration method," MacKenzie stated.

Planting mangroves is not a replacement, nor does it compensate for conserving intact stands, the researchers emphasized.

"Our models indicate that replanting in all highly restorable mangrove areas would absorb less than one percent of annual global emissions over 20 years. That's why conserving existing mangrove stands is paramount," Bourgeois emphasized.
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New immune cell therapy benefits laboratory models of ALS and has some positive results in an individual with the disease | ScienceDaily
Immune system dysregulation and elevated inflammation contribute to the development of the fatal neurodegenerative condition amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig's disease.


						
In new research published in The FASEB Journal, repeated infusions of certain immune cells delayed ALS onset and extended survival in mice, and also reduced markers of inflammation in an individual with the disease. The work was conducted by investigators at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare.

"This makes the first step towards a phase I clinical trial of our new cell therapy for ALS, which is now in the planning stage," said senior author Mark C. Poznansky, MD, PhD, Director of the Vaccine and Immunotherapy Center, an attending physician in General and Transplant Infectious Diseases Medicine at Massachusetts General Hospital, and a professor of Medicine at Harvard Medical School.

Previous work by the group of Ruxandra F. Sirbulescu, PhD, assistant professor of Neurology and co-corresponding author of the article, showed that direct application of purified B cells, which are immune cells known to produce antibodies, can reduce inflammation and promote recovery in mice with skin or brain injuries.

The benefits resulted from a process termed pligodraxis, in which the B cells adopt immunoregulatory and neuroprotective characteristics to support the repair of damaged tissues in an injured environment.

"What we observed early on in preclinical studies has been a remarkable effect of B cells in the context of brain lesions -- both brain structure and function were protected by treatment with these cells, which made us consider applying them as a therapeutic in the context of neurodegenerative disease," Sirbulescu said.

In this latest research, the team assessed the effects of B cell infusions in mice prone to ALS and in a person living with the disease.




In mice, repeated intravenous treatments of B cells from donor mice significantly delayed disease onset, extended survival, reduced cell death, and decreased a marker of neurodegeneration.

In the human patient, repeated infusions of donor B cells were safe and led to decreased levels of multiple inflammatory markers.

"We were able to show that B cells, which can be readily obtained from the blood, could treat ALS in a well-established mouse model of the disease, and we obtained permission from the US Food and Drug Administration and our hospital to try this treatment approach in an individual with ALS," said Poznansky.

"We were able to show safety and efficacy, as well as how the B cell therapy worked in mice, and we demonstrated that our approach was safe and feasible in a human. This is a first study of its kind to apply B cells to the treatment of ALS and sets us up for a trial of this new treatment approach to a currently incurable disease." Mark Poznansky, MD, PhD
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Trial of cell-based therapy for high-risk lymphoma leads to FDA breakthrough designation | ScienceDaily
CAR-T cell therapy, which targets a specific protein on the surface of cancer cells, causes tumors to shrink or disappear in about half of patients with large B-cell lymphoma who haven't experienced improvement with chemotherapy treatments.


						
But if this CAR-T treatment fails, or the cancer returns yet again -- as happens in approximately half of people -- the prognosis is dire. The median survival time after relapse is about six months.

Now, a phase 1 clinical trial at Stanford Medicine has found that a new CAR-T cell therapy that targets a different protein on the surface of the cancer cells significantly improved these patients' outcomes: Over half of 38 people enrolled in the trial -- 37 of whom had already relapsed from the original CAR-T therapy -- experienced a complete response of their cancers. More than half of all treated patients lived at least two years after treatment.

"On average, the patients enrolled in this trial had received four previous lines of therapy," said assistant professor of medicine and the trial's principal investigator Matthew Frank, MD, PhD. "These patients are out of likely curative options, and they are scared. Half of them will die within five to six months. But in this trial, we saw a very high rate of durable complete responses, meaning their cancers became undetectable."

'Breakthrough therapy'

The original CAR-T therapy, approved by the Food and Drug Administration in 2017, involves removing immune cells from the patient and inserting a gene to help the cells attack a protein called CD19 on the surface of the lymphoma cells. The new version of the therapy instead targets a molecule called CD22.

In September 2022, the FDA designated CD22-targeting CAR-T therapy for large B-cell lymphoma a Breakthrough Therapy, a move that is meant to speed the development and review of particularly promising drugs that may provide a substantial improvement over existing therapies for serious conditions.




The study was devised and conducted entirely at Stanford Medicine.

"This trial was an example of what it means to take an idea from preclinical studies in animals all the way into the patient at an academic medical center," said David Miklos, MD, PhD, professor of medicine and chief of bone marrow transplantation and cellular therapy. "Remarkably, the FDA -- after reviewing our preliminary data -- contacted us to urge us to apply for breakthrough therapy designation, rather than waiting for us to approach them. This will help us significantly as we move into larger clinical trials."

A larger, phase 2 trial led by Frank is now ongoing at multiple sites around the country.

Miklos is the senior author of the study, which will be published July 9 in The Lancet. Frank; assistant professor of medicine John Baird, MD; and postdoctoral scholar Anne Kramer, MD, PhD, are the lead authors of the research.

CAR-T cell therapy was first approved by the FDA as a treatment for relapsed or treatment-resistant diffuse large B-cell lymphoma and for children and young adults under 25 with acute lymphoblastic leukemia.

Six CAR-T cell therapies are now approved for several types of lymphoma, multiple myeloma and acute lymphoblastic leukemia. Four of these therapies target CD19, which is found on the surface of healthy and cancerous B cells; two target another protein on the cells' surface called B cell maturation agent.




CD22 is another protein found on the surface of mature B cells, and researchers have been eying it for some time as a possible second target for CAR-T cell therapy. That's because, although CAR-T cell therapy targeting CD19 is typically successful, many patients relapse quickly as the cancer cells figure out how to reduce the amounts of CD19 on their surfaces or their engineered immune cells become exhausted from a prolonged attack.

Several trials have experimented with engineering CAR-T cells that recognize both CD19 and CD22 -- exploring whether a double volley of attack might eliminate cancer cells before they learn how to evade the treatment.

These efforts have met with mixed success. While more people with acute lymphoblastic leukemia responded to the double-targeted CAR-T therapy, the results for people with lymphoma were more tempered. In a trial conducted at Stanford Medicine, the therapy had some efficacy but was no more effective than targeting CD19 alone. Frank, Miklos and their colleagues wondered what would happen if only CD22 were targeted.

A new target

The researchers collected immune cells called T cells from 38 patients with large B-cell lymphoma whose cancers had started growing after previous therapies including chemotherapy. All but one of the patients had also progressed after CAR-T therapy targeting CD19; the cancer cells of the one remaining patient did not express CD19 on their surfaces.

The T cells were grown and genetically engineered to target CD22 in Stanford Medicine's Laboratory for Cell and Gene Medicine in partnership with the Center for Cancer Cell Therapy. They were then infused back into the patients from whom they were derived.

Of the 38 patients, 68% saw their cancers shrink, and 53% achieved a complete response, meaning their cancers were no longer detectable.

"This is not just a high response rate, but many of these remissions have been quite durable over a median of 30 months of follow-up," Frank said. "If this holds true in larger trials, it will surpass other therapeutic option we have for these patients." Additionally, most patients experienced minimal, manageable side effects.

The results of the trial are the first in a series of hurdles CD22-targeted CAR-T cell therapy will have to clear for it to be approved by the FDA for routine clinical use for those with intractable large B-cell lymphoma. According to Miklos, it also highlights the advantages of intertwining medicine and research.

"We conducted the preclinical studies at Stanford Medicine, translated the findings in our cell manufacturing and cancer cell therapy centers, and cared for the patients here," Miklos said. "This pipeline allows us to leverage our research and clinical findings in an iterative way. If something is not working, we can refocus and retool our approach to pivot quickly to new approaches to help our patients."

"It is rare for an academic medical center to attain a breakthrough designation," Frank noted. "It's humbling. Larger trials need to be completed, and FDA approval is not guaranteed, but this is a huge achievement for all the members of the team and a hopeful sign for patients and their caregivers."

Researchers from Chang Gung Memorial Hospital at Linkou, Taoyuan, Taiwan and Cancer Center Amsterdam, who are currently working at Stanford, contributed to the work.

The study was funded by the National Institutes of Health (grants 2P01CA049605-29A1, 5P30CA124435 and K08CA248968), the Virginia and D.K. Ludwig Fund for Cancer Research, the Parker Institute for Cancer Immunotherapy, the European Hematology Association, the Lymph&Co Foundation, and the Leukemia and Lymphoma Society.

Miklos has consulted for Kite Pharma-Gilead, Juno Therapeutics-Celgene, Novartis, Janssen and Pharmacyclics. Research support from Kite Pharma-Gilead, Allogene, CARGO Therapeutics, Pharmacyclics, Miltenyi Biotec and Adaptive Biotechnologies.

Frank has consulted for Kite Pharma-Gilead, Adaptative Biotechnologies and CARGO Therapeutics; he has also received research support from Kite-Pharma-Gilead, Allogene Therapeutics, Cargo Therapeutics and Adaptative Biotechnologies.

Study co-author Crystal Mackall, MD, the Earnest and Amelia Gallo Family Professor and professor of pediatrics and of medicine, is a founder of CARGO Therapeutics and holds equity in and consults for the company. CARGO holds the license for the CD22-directed CAR-T cell therapy.
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Major trial looks at most effective speech therapy for people with Parkinson's disease | ScienceDaily
A major clinical trial, led by experts at the University of Nottingham, has shown the Lee Silverman Voice Treatment (LSVT LOUD(r)) is more effective than the current speech and language therapy provided by the NHS, when treating patients with Parkinson's disease (PD).


						
The results of the NIHR HTA funded trial, which are published today in the BMJ, showed that LSVT LOUD(r) was more effective at reducing the participant's reported impact of voice problems than no speech and language therapy, as well as the NHS delivered speech and language therapy.

The trial was led by experts from the Universities of Nottingham and Birmingham, along with colleagues at Sandwell and Dudley Hospital Trust, University College London, King's College London, the University of Bangor, Canterbury Christ Church University and Glasgow Caledonian University.

It was carried out by NHS Speech and Language Therapy services across the UK and co-ordinated and analysed by the team at the Birmingham Clinical Trials Unit (BCTU) at the University of Birmingham.

Professor Catherine Sackley, from the School of Health Sciences and the NIHR Nottingham Biomedical Research Centre, led the study. She says: "The impact of speech and communication problems in people with PD can cause them to feel stigmatised. It can stop them going out, stop them socialising, and stop them doing day-to-day tasks such as shopping, which can have a detrimental impact on their quality of life.

"This is the first study of its kind to look at the most effective treatment options. The results clearly show that, delivered in this way, the LSVT LOUD(r) method is both effective and it can be cost effective. The NHS method as it is currently delivered is not effective. Now we have this data, we need to look at other factors and whether if different therapies are delivered in different ways, this would further impact the results."

Building on a pilot study funded by The Dunhill Medical Trust, participants were recruited from 40 NHS sites across the UK and were randomised into three groups. One group received the LSVT LOUD(r), one received the current NHS speech and language treatment and the third didn't receive any therapy.




LSVT LOUD(r) is an effective speech treatment for people with PD and other neurological conditions. The treatment trains people with PD to use their voice at a more normal loudness level while speaking at home, work, or in the community. Patients are given voice exercises to do this.

The NHS treatment is a personalised programme delivered by a therapist and is less intensive. It is delivered over six to eight sessions rather than the LSVT LOUD(r) which is delivered in 16 sessions over four weeks.

Between September 2016 and March 2020, 388 people with PD and Dysarthria (difficulty speaking) took part in the trial. 130 were allocated to the LSVT LOUD(r) group, 129 to the NHS therapy group and 129 received none.

LSVT LOUD(r) consisted of four face-to-face or remote 50-minute sessions, each week delivered over four weeks, with additional home-based practice. The NHS speech and language therapy was determined by the local therapist in response to a participant's individual needs, an average of one session every other week was delivered over 11 weeks.

The findings of the trial showed that LSVT LOUD(r) was more effective at reducing the impact of Dysarthria than no speech and language therapy and the NHS version. The NHS therapy showed no evidence of benefit compared to no speech and language therapy.

Adrian Wrigley, who has Parkinson's said: "Speech and language therapy research is very important to me personally, as I've seen firsthand how the loss or reduction of our main communication tool leads to higher levels of frustration and anxiety not only for those of us with Parkinson's but our partners and friends. So the development of a treatment that works is very important for the Parkinson's community."

The study was funded by the National Institute for Health Research, Health Technology Assessment programme.
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A new twist on artificial 'muscles' for safer, softer robots | ScienceDaily
Northwestern University engineers have developed a new soft, flexible device that makes robots move by expanding and contracting -- just like a human muscle.


						
To demonstrate their new device, called an actuator, the researchers used it to create a cylindrical, worm-like soft robot and an artificial bicep. In experiments, the cylindrical soft robot navigated the tight, hairpin curves of a narrow pipe-like environment, and the bicep was able to lift a 500-gram weight 5,000 times in a row without failing.

Because the researchers 3D-printed the body of the soft actuator using a common rubber, the resulting robots cost about $3 in materials, excluding the small motor that drives the actuator's shape change. That sharply contrasts typical stiff, rigid actuators used in robotics, which often cost hundreds to thousands of dollars.

The new actuator could be used to develop inexpensive, soft, flexible robots, which are safer and more practical for real-world applications, researchers said.

The research was published Monday (July 8) in the journal Advanced Intelligent Systems.

"Roboticists have been motivated by a long-standing goal to make robots safer," said Northwestern's Ryan Truby, who led the study. "If a soft robot hit a person, it would not hurt nearly as much as getting hit with a rigid, hard robot. Our actuator could be used in robots that are more practical for human-centric environments. And, because they are inexpensive, we potentially could use more of them in ways that, historically, have been too cost prohibitive."

Truby is the June and Donald Brewer Junior Professor of Materials Science and Engineering and Mechanical Engineering at Northwestern's McCormick School of Engineering, where he directs The Robotic Matter Lab. Taekyoung Kim, a postdoctoral scholar in Truby's lab and first author on the paper, led the research. Pranav Kaarthik, a Ph.D. candidate in mechanical engineering, also contributed to the work.




Robots that 'behave and move like living organisms'

While rigid actuators have long been the cornerstone of robot design, their limited flexibility, adaptability and safety have driven roboticists to explore soft actuators as an alternative. To design soft actuators, Truby and his team take inspiration from human muscles, which contract and stiffen simultaneously.

"How do you make materials that can move like a muscle?" Truby asked. "If we can do that, then we can make robots that behave and move like living organisms."

To develop the new actuator, the team 3D-printed cylindrical structures called "handed shearing auxetics" (HSAs) out of rubber. Difficult to fabricate, HSAs embody a complex structure that enables unique movements and properties. For example, when twisted, HSAs extend and expand. Although Truby and Kaarthik 3D-printed similar HSA structures for robots in the past, they were bound to using expensive printers and rigid plastic resins. As a result, their previous HSAs could not bend or deform easily.

"For this to work, we needed to find a way to make HSAs softer and more durable," said Kim. "We figured out how to fabricate soft but robust HSAs from rubber using a cheaper and more easily available desktop 3D printer."

Kim printed the HSAs from thermoplastic polyurethane, a common rubber often used in cellphone cases. While this made the HSAs much softer and more flexible, one challenge remained: how to twist the HSAs to get them to extend and expand.




Previous versions of HSA soft actuators used common servo motors to twist the materials into extended and expanded states. But the researchers only achieved successful actuation after assembling two or four HSAs -- each with its own motor -- together. Building soft actuators in this way presented fabrication and operational challenges. It also reduced the softness of the HSA actuators.

To build an improved soft actuator, the researchers aimed to design a single HSA driven by one servo motor. But first, the team needed to find a way to make a single motor twist a single HSA.

Simplifying 'the entire pipeline'

To solve this problem, Kim added a soft, extendable, rubber bellows to the structure that performed like a deformable, rotating shaft. As the motor provided torque -- an action that causes an object to rotate -- the actuator extended. Simply turning the motor in one direction or the other drives the actuator to extend or contract.

"Essentially, Taekyoung engineered two rubber parts to create muscle-like movements with the turn of a motor," Truby said. "While the field has made soft actuators in more cumbersome ways, Taekyoung greatly simplified the entire pipeline with 3D printing. Now, we have a practical soft actuator that any roboticist can use and make."

The bellows added enough support for Kim to build a crawling soft robot from a single actuator that moved on its own. The pushing and pulling motions of the actuator propelled the robot forward through a winding, constrained environment simulating a pipe.

"Our robot can make this extension motion using a single structure," Kim said. "That makes our actuator more useful because it can be universally integrated into all types of robotic systems."

The missing piece: muscle stiffening

The resulting worm-like robot was compact (measuring just 26 centimeters in length) and crawled -- both backward and forward -- at a speed of just over 32 centimeters per minute. Truby noted that both the robot and artificial bicep become stiffer when the actuator is fully extended. This was yet another property that previous soft robots were unable to achieve.

"Like a muscle, these soft actuators actually stiffen," Truby said. "If you have ever twisted the lid off a jar, for example, you know your muscles tighten and get stiffer to transmit force. That's how your muscles help your body do work. This has been an overlooked feature in soft robotics. Many soft actuators get softer when in use, but our flexible actuators get stiffer as they operate."

Truby and Kim say their new actuator provides yet another step toward more bioinspired robots.

"Robots that can move like living organisms are going to enable us to think about robots performing tasks that conventional robots can't do," Truby said.

The study, "A flexible, architected soft robotic actuator for linear, servo-driven motion," was supported by Truby's Young Investigator Award from the Office of Naval Research and Northwestern's Center for Engineering and Sustainability Resilience.
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Pumpkin disease not evolving, could make a difference for management | ScienceDaily
The pathogen that causes bacterial spot is very good at what it does. Forming small lesions on the rinds of pumpkins, melons, cucumbers, and other cucurbits, it mars the fruits' appearance and ushers in secondary pathogens that lead to rot and severe yield loss. The bacterium, Xanthomonas cucurbitae, is so successful that it has had no reason to evolve through time or space. That's according to new University of Illinois Urbana-Champaign research characterizing the pathogen's genetic diversity across the Midwest.


						
"Previously, we sequenced the Xanthomonas cucurbitae genome from a sample taken in New York in 1926. In our current study, we sequenced genomes of samples taken by our collaborators across the Midwest in 2012 and 2013. All of the genomes were really quite similar, greater than 99% identical, but one isolate from Michigan was 99.9% identical to that 1926 isolate. Our results show there's been very little pressure on this pathogen to evolve," said Sarah Hind, assistant professor in the Department of Crop Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

The surprising result suggests the pathogen is a one-trick pony. It surges reliably under specific conditions -- hot and wet -- and lurks quietly in the background otherwise. But the genetic uniformity could be good news for breeders looking to develop resistant crops.

"If we were able to deploy a resistant plant population, then it should be pretty effective against what they would likely encounter, at least across the Midwest and probably much of the U.S., because there's not a lot of diversity in pathogen populations," she said.

Hind says there's currently no known resistance in commercially available cucurbit crops, but she and her collaborators found bacterial spot resistance in experimental pumpkin and squash lines in a 2021 study. Still, she says they'd need to screen a lot more varieties before breeding efforts for resistance could begin in earnest.

In addition to opening up potential opportunities for developing disease-resistant cucurbits, the findings could inform current and future management strategies. For example, Hind says bacterial spot isn't particularly responsive to industry-standard copper antimicrobial sprays. Knowing more about the genetic capabilities of the pathogen could forecast whether such management strategies will be effective long-term.
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Cirrhosis affects twice as many transgender adults as cisgender adults, study finds | ScienceDaily
Cirrhosis is chronic, progressive end-stage liver disease that occurs when scar tissue prevents the liver from functioning normally. Studies have shown that two of the leading causes of cirrhosis -- alcohol use disorder and viral hepatitis -- occur more frequently in transgender individuals, but there has been little research examining if these risk factors translate into greater incidences of cirrhosis among transgender patients.


						
A new study from Keck Medicine of USC published in The American Journal of Gastroenterology finds that transgender adults have double the prevalence of cirrhosis compared to cisgender adults (people whose gender identity matches the sex they were assigned at birth), suggesting a need for more supportive, preventive care.

"Our study reveals that cirrhosis disproportionately affects transgender individuals and highlights a pressing health issue that needs addressing," said Brian P. Lee, MD, MAS, a hepatologist and liver transplant specialist with Keck Medicine and principal investigator of the study.

Lee and his colleagues launched the study to provide scientifically backed liver health guidance for physicians so they could offer transgender patients a higher level of care.

Besides discovering that transgender cirrhosis rates are double that of the cisgender population, the study authors also learned that the majority of transgender adults with cirrhosis (60%) have a diagnosis of anxiety and/or depression, compared to 40% of the cisgender patients with cirrhosis.

They also found that alcohol was the leading cause of cirrhosis in the transgender group, accounting for some 60% of cases while the percentage of cisgender adults with alcohol-associated cirrhosis was approximately 50%.

In other findings, transgender patients with cirrhosis also tended to be younger (a larger portion were 44 or younger), had higher rates of viral hepatitis and were five times more likely to have HIV/AIDS than their cisgender counterparts.




Possible reasons behind the disparity 

Lee hypothesizes that the increased rates of depression and anxiety may be driving higher rates of alcohol use among transgender patients, which in turn, may result in greater cases of cirrhosis.

The increased rate of HIV/AIDS among transgender patients may also be a factor in that both conditions are known to be associated with liver disease progression, according to Lee.

Lack of access to quality health care could also play a role, hypothesizes Jeffrey Kahn, MD, a hepatologist and liver transplant physician with Keck Medicine and co-author of the study.

Researchers also studied the five-year outcomes among all transgender and cisgender patients with cirrhosis. Interestingly, despite the differences in the two groups, the number of possible negative outcomes of cirrhosis -- liver failure, liver transplant and liver cancer, as well as death, by any cause -- was the same.

"This finding suggests that the transgender community is underserved in the initial stages of liver disease, but individuals are able to secure the care they need once cirrhosis is diagnosed," said Kahn. "Early prevention is key because if liver disease is caught in time, there is less of a chance it will progress to cirrhosis."

To reach their conclusions, study authors culled data from a large national database, Optum Clinformatics(r) Data Mart Database (Optum), that contained medical claims for more than 60 million patients covered by commercial insurance or Medicare between the years of 2007-2022. They first identified all transgender and cisgender adults, and then compared the incidences of cirrhosis among each group as well as causes of the disease. Additionally, researchers tracked depression and anxiety in patients.




Lee and Kahn hope the study will spur more research and motivate health care practitioners to provide transgender patients with extra support, including liver screenings and access to mental health resources. "This population requires specific attention from clinicians and researchers alike," said Lee.

Keck Medicine efforts to support transgender patient wellness 

Keck Medicine launched the USC Gender-Affirming Care Program to provide tailored, supportive health care to the transgender population. The program provides a full range of expert, compassionate health care services for the transgender, non-binary and gender-diverse community, including everything from routine health care, such as preventive cancer screenings, yearly checkups and flu shots, to gender-affirming hormone therapy and surgery.

The program is comprised of physicians from several disciplines, including family medicine, plastic surgery, gynecology, urology and otolaryngology. Specialists in voice, occupational and physical therapy are also available to patients.

Additionally, Keck Medicine hospitals have been awarded the 'LGBTQ+ Healthcare Equality Leader' designation in the Human Rights Campaign Foundation's 2024 Healthcare Equality Index (HEI) for seven times in recent years. HEI is the leading national benchmarking survey of health care facility policies and practices dedicated to the equitable treatment and inclusion of LGBTQ+ patients, visitors and employees.
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Rapid growth, persistent challenges in telemedicine adoption among US hospitals | ScienceDaily
A new study led by Michigan State University researchers shows a significant increase in telemedicine services offered by U.S. hospitals from 2017 to 2022, while also highlighting persistent barriers to its full implementation.


						
The comprehensive analysis of telemedicine adoption in U.S. hospitals during these years reveals both significant progress and ongoing challenges in the health care sector's digital transformation. The study, published in the Journal of General Internal Medicine, found that the percentage of hospitals offering at least one form of telemedicine service increased from 46% in 2017 to 72% in 2021, with a dramatic surge in patient utilization during the COVID-19 pandemic.

Led by John (Xuefeng) Jiang, Eli Broad Endowed Professor of accounting and information systems at Michigan State University, the research team analyzed data from the American Hospital Association's annual surveys and AHA IT Supplemental Survey, which provides information about electronic medical records, interoperability, health information exchange barriers, reporting, and degree of electronic transition, to explain telemedicine's growth and the obstacles hindering its full potential.

"Our findings demonstrate the rapid acceleration of telemedicine adoption, particularly in response to the COVID-19 pandemic," said Jiang. "However, we also uncovered significant disparities in implementation across different hospital types and persistent challenges in health information exchange that need to be addressed to fully realize telemedicine's benefits."

Key findings of the study include:
The study also revealed that hospitals face significant challenges in exchanging electronic health information, with 85% reporting issues due to interoperability across different vendor platforms.

Joseph Ross, professor at the Yale School of Medicine and co-author of the study, emphasized the need for broader access to telehealth services.

"The lower rates of telehealth service availability in smaller and for-profit hospitals suggests that efforts are needed to ensure these services are broadly available to patients across all hospitals, enabling patients to obtain the care they need," he said.

Ge Bai, former doctoral student in the MSU Broad College of Business and current professor of accounting and health policy at Johns Hopkins University and another co-author, highlighted the potential of telemedicine and the obstacles it faces.




"Telemedicine has the potential to improve hospital care, but our study identified important barriers that are preventing hospitals from reaching this potential," Bai said.

This research builds upon previous work by Jiang, Bai and their colleagues. A related study published in Health Affairs Scholar documented the adoption of electronic health records, or EHRs, in U.S. hospitals over the past decade, highlighting EHRs as a crucial prerequisite for offering telemedicine services. Another recent study by the team, also published in Health Affairs Scholar, revealed that some U.S. hospitals face difficulties in reporting adverse effects of COVID-19 vaccines to health care authorities, further underscoring the challenges in health information management and reporting.

"These studies collectively paint a picture of the ongoing digital transformation in U.S. health care," Jiang said. "While we've seen significant progress in areas like electronic health record adoption and telemedicine implementation, persistent challenges in data exchange and reporting highlight the need for continued improvement in our health information systems."

The researchers suggest that policymakers should focus on addressing these challenges to ensure equitable access to telemedicine services and to facilitate seamless health information exchange among health care providers.

"As we look to the future of health care, it's clear that telemedicine will play an increasingly vital role. Our study not only highlights the progress we've made but also serves as a call to action," Jiang said. "By addressing the disparities in adoption and overcoming technical barriers, we can create a more accessible, efficient and patient-centered health care system. The rapid growth we've observed shows the potential; now it's time to ensure that all patients and health care providers can fully benefit from these technological advancements."
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Greater focus needed on how existing international law can prevent the increasing militarization of outer space | ScienceDaily
There is a pressing need for countries and international organisations to understand better how existing international law can help them address serious concerns about the militarisation of outer space, a new study says.


						
Space is an increasingly militarized domain, with the potential to be a source and place of armed conflict. Nations are testing anti-satellite ('ASAT') weapons and satellites are potentially attractive targets during armed conflict.

The new study, by Dr Chris O'Meara from the University of Exeter Law School, examines how the jus ad bellum, which is a body of law that regulates when states may lawfully use force, applies to ASAT weapons and to the right of states to use them in space. The study argues that jus ad bellum regulation of ASAT technologies addresses state concerns regarding protecting satellites and other space assets and avoiding conflict in space. It says a clearer understanding of this body of law will help decision makers and military planners avoid lawful acts of self-defence being characterized as unlawful.

Dr O'Meara said: "Space is increasingly important, militarised, and congested. States and international organisations like NATO and the UN are trying to work out how legal rules apply to space and what should happen if there's conflict in that domain. This is not fantastical Star Wars territory; it is a necessary response to real concerns about future conflict in space. Countries are putting military weapons into space and this potential threat will continue into the future."

"For now, it is clear we are not going to get a new weapons control treaty to respond to the fears of wars in space, so we will have to rely on existing rules from the UN Charter and customary international law and to think about how these existing rules apply above Earth. So far, there has been relatively little focus on the jus ad bellum, but my view is that we do have this existing toolkit, a body of law which applies and which sets out standards of conduct, but we need to better understand how it works in space. A better appreciation of the law is a big part of the answer."

"In the absence of a multilateral ASAT weapons control treaty, the jus ad bellum, alongside international humanitarian law, must be regarded as an essential part of the international law framework limiting their use."

"A clearer understanding of jus ad bellum requirements could directly address pressing international concerns regarding the weaponization of space and the fear of wars between states in that domain."

The study says adherence to jus ad bellum helps to avoid conflict and the escalation of conflict in space and has the potential to limit ASAT weapon deployment. Compliance underpins international peace and security and safeguards space for peaceful purposes and ensuring its valuable resources continue to benefit all humankind.
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Chronic allergic disorder EoE's rising incidence in Japan confirmed by large-scale data analysis | ScienceDaily
In one of the first studies of its kind in Japan, Osaka Metropolitan University-led researchers uncovered the incidence and prevalence of the chronic allergic disorder eosinophilic esophagitis, or EoE.


						
EoE can cause difficulty in swallowing with tissue inflammation and fibrosis as eosinophils, a type of white blood cell, build up in the esophagus. EoE cases have been increasing in North America and Western Europe since the 1990s, but little has been known about the situation in Asia including Japan.

Dr. Akinari Sawada, Associate Professor Fumio Tanaka, and Professor Yasuhiro Fujiwara of OMU's Graduate School of Medicine and colleagues analyzed a health insurance claims database spanning January 2005 to September 2022 of 15,200,895 anonymous individuals. These individuals were company employees and their dependents, all under the age of 75. From this data, the research team found 1,010 cases of EoE.

In results published in Clinical Gastroenterology and Hepatology, the researchers assessed the EoE incidence in 2022 as 2.82 per 100,000 person-years and the prevalence as 10.68 per 100,000 people. Compared to 2017 data, the incidence was three times higher and the prevalence was eight times higher.

"In clinical practice, I thought that the number of patients with EoE was likely to increase in Japan. By using large-scale data, we were able to confirm the actual increase in the incidence and prevalence of EoE in this study. We hope that this will lead to raising awareness of EoE in Japan," said Dr. Sawada.
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New technology can detect kidney diseases earlier than standard methods | ScienceDaily
Using an advanced scanner, researchers from Aarhus University, among others, have developed a technology that can detect the earliest changes in the kidney when scar tissue begins to form.


						
"We can measure changes associated with the production of fibrosis earlier than all current methods, which measure the amount of already produced fibrosis," says postdoc Nikolaj Bogh from the Department of Clinical Medicine at Aarhus University, who is the lead author of a new study on the technology.

With the technology, known technically as hyperpolarized 13C-pyruvate MRI, doctors can now see fibrosis formation before it occurs.

This makes it possible to start treatment earlier and potentially prevent irreversible damage to the kidney.

"The method takes a completely new approach, catching scar tissue early by imaging the building blocks that fibrosis consists of," explains Nikolaj Bogh.

Detecting early signs

The technology works by injecting a special form of pyruvate, a natural substance in the body's energy production, into the patient's body.




When pyruvate molecules are hyperpolarized, their magnetic signals are significantly amplified, more than 20,000 times. This allows tracking their conversion in the body using an MRI scanner.

By tracking how pyruvate converts into other substances, doctors can detect early signs of fibrosis before there are visible structural changes that can be captured with standard methods.

The method is not only more effective but also safer and more comfortable for patients, as it eliminates the need for invasive biopsies.

"The scans can open a whole new front in the treatment of kidney patients. We expect to use them to tailor treatment to the individual patient when we can identify patients who need rapid and targeted treatment," explains Nikolaj Bogh.

Transferable to other areas

The technology has the potential to be applied in other areas beyond kidney diseases.




Fibrogenesis, which the technology measures, is not unique to the kidneys but can also be relevant to other organs, such as the heart in certain types of heart failure.

However, to transfer the technology from the laboratory to the clinic, further trials on patients are required.

Nikolaj Bogh and his colleagues have already initiated three clinical studies on patients with various kidney diseases.

The studies aim to demonstrate the method's value, including in identifying diabetic patients at high risk of developing kidney disease.

Although the technology shows great potential, it will be challenging to implement it widely in clinical practice. There are only about 24 of these advanced scanners in the world, and even fewer can examine humans with the technology.

Over the coming years, however, researchers hope to see the technology become more accessible and widespread.

"We hope to see the technology become more available so that patients can benefit from a scanner that is more than 20,000 times more sensitive than the conventional scanners we use in hospitals today," says Nikolaj Bogh.
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Atlas of proteins reveals inner workings of cells | ScienceDaily
Scientists at the University of Cambridge have developed an atlas of proteins describing how they behave inside human cells. This tool could be used to search for the origins of diseases which are related to proteins misbehaving such as dementia and many cancers.


						
The atlas, which is published in Nature Communications, has allowed the researchers to find new proteins inside cells that are responsible for a range of important bodily functions. The team focuses on a droplet-like part of the cell called a condensate which is a meeting hub for proteins to go and organise themselves. These hubs are also key sites where disease processes start.

The predictions are available with the paper so researchers around the globe can explore their protein targets of interest and any surrounding condensate systems.

"This model has allowed us to discover new components in membraneless compartments in biology as well as discover new principles underlying their function." said Professor Tuomas Knowles, who led this research.

Protein condensates

Cells are made of carefully organised molecules and one method they use to organise themselves is by meeting inside a condensate. This hub is microscopic and found inside a cell. These condensates are part of the essential machinery that makes living cells work.

"To date we have not had a comprehensive map of which proteins go together into which condensates, but in our work we provide a first such atlas," said Knowles.




Using AI

The rules directing proteins inside cells are not completely understood so the team decided to build this atlas to predict which proteins meet inside condensates.

"What motivated this research was the desire to understand the full complexity of protein condensates and to go a layer deeper than what scientists have researched so far," said Dr Kadi Liis Saar, first author on this research and a postdoctoral fellow at the Centre for Misfolding Diseases.

The researchers used large databases, such as StringDB and BioGRID, which contain data on many aspects of cells, along with more in-depth case studies about individual condensates.

The power of AI lets scientists combine these data even though the information is complex, vast, and difficult to compare. Where previous work focussed on a handful of proteins, the atlas can characterise the full landscape of a cell.

"With this atlas we can make predictions about every single protein in a cell, where exactly it would be found and what sorts of other proteins it interacts with," commented Saar. "We hope that this generates opportunities for researchers and opens up new possibilities for intervention in diseases associated with aberrant condensate formation."

Protein discoveries




The AI found proteins present in the model cell that had never been observed before. If these proteins are now found in a lab then this is a good indicator that the AI is accurate.

"In our study, we discovered proteins within condensates that have never been seen there before. These proteins are involved in important functions in the body, such as the distribution of fat, the creation of actin inside cells, and the creation of new proteins. These proteins were not detected in the previous study that we used as our training set.

"We hope these data will enable new discoveries about the biological roles of condensates as well as the biophysical drivers behind condensate formation."
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Discovery of a new defense mechanism in bacteria | ScienceDaily
When confronted with an antibiotic, toxic substance, or other source of considerable stress, bacteria are able to activate a defence mechanism using cell-to-cell communication to 'warn' unaffected bacteria, which can then anticipate, shield themselves and spread the warning signal. This mechanism1 has just been described for the first time by a team of scientists2 from CNRS and Universite de Toulouse III -- Paul Sabatier. It paves the way for the development of new, more effective antibiotic treatments that can target this bacterial communication system.


						
When they perceive a source of stress, bacteria spring into action, inducing changes in the expression of certain genes and their physiological properties to make them less vulnerable to the detected lethal substance. They also produce small 'alarmone' proteins3 on their surface in order to contact and activate random neighbouring bacteria. Unstressed bacteria can only change state in the presence of a sufficient amount of alarmones. Thus, only a source of stress perceived by sufficient bacteria can trigger propagation of this activation4.

The mechanism offers several advantages: it limits the unnecessary use of energy and enables a rapid and coordinated response in the population. Because activation is gradual, it creates diversity in the population over time, thus increasing the bacteria's chances of survival.

These findings, published on 10 July in Nature Communications, were established using a dozen different families of antibiotics on populations of Streptococcus pneumoniae, the bacteria that causes pneumococcal infections.

Notes

1 -- Known as Self Induction and Propagation (SI&P)

2 -- Working at the Laboratoire de microbiologie et de genetique moleculaires (CNRS/ Universite Toulouse III-Paul Sabatier)

3 -- Also known as Competence Stimulating Peptide (CSP)

4 -- This prevents the mechanism from being triggered when the source of stress only affects a single bacterial cell. Activation due to an internal source of stress that is unique to a cell, for example, does not trigger the mechanism.
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Mozambican Woodlands could store more than double the carbon previously estimated | ScienceDaily
The capacity of Mozambican woodlands to capture and store carbon is underestimated and potentially undervalued for their protection and restoration, finds new research from an international team of scientists including UCL researchers and led by carbon data provider Sylvera.


						
The research, published in Nature Communications Earth & Environment, found that miombo woodlands, which span large areas of Sub-Saharan Africa, store 1.5 to 2.2 times more carbon than had previously been estimated by standard methods.

Named for the miombo trees found in the region, these biomes (geographical areas defined by their local species and climate) are vital ecosystems that directly support many millions of livelihoods, regulate climate and water resources, provide habitats for plants and animals, and hold cultural and spiritual significance. Over the past 40 years, deforestation has reduced these woodlands from 2.7 to 1.9 million square kilometres, making accurate ongoing monitoring essential. The deforested sites span an area three times greater than the land area of the United Kingdom.

In 2022, the researchers, working with local Mozambican partners, collected 450 billion 3D measurements across more than 8 million trees covering 500 square kilometres of miombo woodlands in and around Gile National Park, Mozambique -- an area eight times the size of Manhattan. The team used ground, drone- and helicopter-based laser scanning to capture this data across intact woodlands, secondary woodlands in various states of degradation, and clear land.

These measurements were used to generate estimates of aboveground biomass (the weight of trees above ground) that showed the carbon stored in these woodlands was 1.5 to 2.2 times more than that predicted by conventional methods. This was partly due to the reliance of traditional techniques or methods, known as allometrics, that link simple-to-measure tree variables such as stem diameter and tree height to carbon, and have been found to underestimate the biomass of large trees. This new research marks the first time region-scale estimates of forest carbon have been calculated independent of allometry, using multi-scale lidar data.

Co-author, Professor Mat Disney (UCL Geography) said: "Using these 3D laser scanning measurements, we're able to significantly improve the accuracy of our estimates of the biomass and carbon stored in these critical and dynamic miombo woodlands. The fact that these new results are so much greater than previous estimates demonstrates that these ecosystems are even more important than we thought and highlights why we need to protect them, now more than ever."

Applying the results of this study across all of Africa's miombo woodlands, suggests that conventional measurement techniques potentially underestimate their carbon stocks by an amount of carbon nearly equivalent to the total atmospheric increase in a single year.




Extrapolating the results across all miombo woodlands, the study estimated they potentially store 13.6 billion tonnes of equivalent carbon dioxide (Gt CO2e) more carbon in their aboveground biomass than currently expected, though this extrapolation requires additional data for confirmation.

The results of the study have important implications for the understanding of the role that miombo woodlands can play in efforts to tackle climate change. Their destruction could release significantly more carbon than thought, and governments, business and finance need to do much more to prioritise protecting and restoring these often forgotten forests as a crucial climate change mitigation pathway.

The unprecedented accuracy and reliability of the 3D measurements collected in this new study show it is possible to obtain the kind of data necessary to provide confidence and certainty in the value of carbon credits and scale finance to nature-based solutions, especially those involving forests. It also suggests the value of investing in, or financing, activities such as forest restoration or avoiding deforestation is even greater than previously thought.

Co-author Dr Laura Duncanson, of the University of Maryland and NASA GEDI science team, said: "Mapping biomass from space is always limited by the availability of high-quality calibration and validation data. This research demonstrates the state of the art in multi-scale lidar methods for linking trees to satellites. We are now working to integrate these data into our NASA GEDI biomass products, and fully expect they will lead to improvements in mission estimates over miombo woodlands in Mozambique, and beyond."

The data collection and analysis were led by Sylvera, a data provider that combines cutting-edge technology with leading carbon measurement methods to ensure funding is going to the projects, companies, and countries having maximum climate impact to get the world on track for net zero.

Allister Furey, CEO and Co-founder of Sylvera, said, "Ultimately, fighting climate change is a finance issue. We need more money flowing to the known solutions, predominantly our natural carbon sinks. Yet, many investors simply don't understand these types of investments, or are put off by lack of certain measurements and so avoid them.

"To help increase investor confidence, Sylvera has pioneered a new way to measure carbon stored in nature and scaling those measurements with machine learning models so that we can know the true impact of restoring it and the harmful effects of damaging it. Our team's findings across miombo woodlands is a true testament to the power of how technology can help us better understand nature to expedite investment and make real net zero progress, because we're simply running out of time."

The work was led by researchers at Sylvera, in conjunction with researchers from UCL, NERC National Centre for Earth Observation (NCEO), University of Maryland, University of Edinburgh, Mozambique, and the University of Leicester, and in collaboration with and co-financing from the National Fund for Sustainable Development (Mozambique) and The World Bank Group.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710130940.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Research reveals the most complete dinosaur discovered in the UK in a century | ScienceDaily
The most complete dinosaur discovered in this country in the last 100 years, with a pubic hip bone the size of a 'dinner plate', has been described in a new paper published today.


						
The specimen, which is around 125 million years old, was found in the cliffs of Compton Bay on the Isle of Wight in 2013 by fossil collector Nick Chase, before he tragically died of cancer.

Jeremy Lockwood, a retired GP and University of Portsmouth PhD student, helped with the dinosaur's excavation and has spent years analysing the 149 different bones that make up the skeleton.

Jeremy determined that the skeleton represented a new genus and species, which he named Comptonatus chasei in tribute to Nick.

Jeremy said: "Nick had a phenomenal nose for finding dinosaur bones -- he really was a modern-day Mary Anning. He collected fossils daily in all weathers and donated them to museums. I was hoping we'd spend our dotage collecting together as we were of similar ages, but sadly that wasn't to be the case.

"Despite his many wonderful discoveries over the years, including the most complete Iguanodon skull ever found in Britain, this is the first dinosaur to be named after him."

When it was first discovered, the specimen was thought to be a known dinosaur called Mantellisaurus, but Jeremy's study revealed a lot more dinosaur diversity. Indeed, this is the second new genus to be described by Jeremy.




He said: "I've been able to show this dinosaur is different because of certain unique features in its skull, teeth and other parts of its body. For example its lower jaw has a straight bottom edge, whereas most iguanodontians have a jaw that curves downwards. It also has a very large pubic hip bone, which is much bigger than other similar dinosaurs. It's like a dinner plate!"

Jeremy doesn't know why the pubic hip bone, which is placed at the base of the abdomen was so big: "It was probably for muscle attachments, which might mean its mode of locomotion was a bit different, or it could have been to support the stomach contents more effectively, or even have been involved in how the animal breathed, but all of these theories are somewhat speculative."

Jeremy named the dinosaur Comptonatus after Compton Bay where it was found and 'tonatus' is a latin word meaning 'thunderous'.

"This animal would have been around a ton, about as big as a large male American bison. And evidence from fossil footprints found nearby shows it was likely to be a herding animal, so possibly large herds of these heavy dinosaurs may have been thundering around if spooked by predators on the floodplains over 120 million years ago."

Dr Susannah Maidment, Senior Researcher and palaeontologist at the Natural History Museum and senior author of the paper completed whilst supervising Jeremy's PhD, commented: "Comptonatus is a fantastic dinosaur specimen: one of the most complete to be found in the UK in a century.

"Its recognition as a new species is due to incredibly detailed work by NHM Scientific Associate Dr Jeremy Lockwood, whose research continues to reveal that the diversity of dinosaurs in southern England in the Early Cretaceous was much greater than previously realised.




"The specimen, which is younger than Brighstoneus but older than Mantellisaurus (two iguandontian dinosaurs closely related to Comptonatus) demonstrate fast rates of evolution in iguandontian dinosaurs during this time period, and could help us understand how ecosystems recovered after a putative extinction event at the end of the Jurassic Period."

Despite only four new dinosaur species being described on the Isle of Wight in the whole of the 1900s, there have been eight new species named in the last five years.

Jeremy added: "This really is a remarkable find. It helps us understand more about the different types of dinosaurs that lived in England in the Early Cretaceous. This adds to recent research that shows that Wessex was one of the world's most diverse ecosystems."

The dinosaur has been added to the collections at the Dinosaur Isle Museum in Sandown on the Isle of Wight. The paper is published today in the Journal of Systematic Palaeontology.

Dr Martin Munt, Dinosaur Isle curator, said: "Ongoing research on the museum collection continues to reveal exciting new discoveries. Most of Nick's most important finds have remained on the Island, a lasting legacy.

"We can look forward to many more new types of prehistoric creatures being discovered from the Island's cliffs and collection."

Mike Greenslade, General Manager for the National Trust on the Isle of Wight, said: "This extraordinary discovery at National Trust's Compton Bay highlights the rich natural heritage of the Isle of Wight.

"Finding the most complete dinosaur in the UK in a century not only showcases the island's palaeontological significance but also underscores the importance of preserving our landscapes for future generations to explore and learn from.

"Nick Chase's remarkable find and Jeremy Lockwood's dedicated research are a testament to the incredible history waiting to be uncovered here. We are thrilled to be part of this ongoing journey of discovery and scientific advancement."
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A breakthrough on the edge: One step closer to topological quantum computing | ScienceDaily
Researchers at the University of Cologne have achieved a significant breakthrough in quantum materials, potentially setting the stage for advancements in topological superconductivity and robust quantum computing / publication in Nature Physics.


						
A team of experimental physicists led by the University of Cologne have shown that it is possible to create superconducting effects in special materials known for their unique edge-only electrical properties. This discovery provides a new way to explore advanced quantum states that could be crucial for developing stable and efficient quantum computers. Their study, titled 'Induced superconducting correlations in a quantum anomalous Hall insulator', has been published in Nature Physics.

Superconductivity is a phenomenon where electricity flows without resistance in certain materials. The quantum anomalous Hall effect is another phenomenon that also causes zero resistance, but with a twist: it is confined to the edges rather than spreading throughout. Theory predicts that a combination of superconductivity and the quantum anomalous Hall effect will give rise to topologically-protected particles called Majorana fermions that will potentially revolutionize future technologies such as quantum computers. Such a combination can be achieved by inducing superconductivity in the edge of a quantum anomalous Hall insulator that is already resistance-free. The resultant chiral Majorana edge state, which is a special type of Majorana fermions, is a key to realizing 'flying qubits' (or quantum bits) that are topologically protected.

Anjana Uday, a final-year doctoral researcher in the group of Professor Dr Yoichi Ando and the first author of the paper, explained, "For this study we used thin films of the quantum anomalous Hall insulator contacted by a superconducting Niobium electrode and tried to induce chiral Majorana states at its edges. After five years of hard work we were finally able to achieve this goal: When we inject an electron into one terminal of the insulator material, it reflects at another terminal, not as an electron but as a hole, which is essentially a phantom of an electron with opposite charge. We call this phenomenon crossed Andreev reflection, and it enables us to detect the induced superconductivity in the topological edge state."

Gertjan Lippertz, a postdoctoral fellow in the Ando group and co-first author of the paper, added, "This experiment has been tried by many groups in the past ten years since the discovery of the quantum anomalous Hall effect, but no one has succeeded in it before. The key to our success is that the film deposition of the quantum anomalous Hall insulator, every step of device fabrication, as well as ultra-low-temperature measurements are all done in the same lab. This is not possible elsewhere."

To achieve these results, the Cologne group collaborated with colleagues at KU Leuven, the University of Basel as well as Forschungszentrum Julich. The latter contributed theory support within the joint Cluster of Excellence Matter and Light for Quantum Computing (ML4Q). "The Cluster has been instrumental in providing the collaborative framework and resources necessary for this breakthrough," elaborated Yoichi Ando, Professor of Experimental Physics at the University of Cologne and spokesperson of ML4Q.

This discovery opens up numerous avenues for future research. Next steps include experiments to directly confirm the emergence of chiral Majorana fermions and to elucidate their exotic nature. Understanding and harnessing topological superconductivity and chiral Majorana edge states could revolutionize quantum computing by providing stable qubits that are less susceptible to decoherence and loss of information. The platform demonstrated in this study offers a promising path towards achieving these goals, potentially leading to more robust and scalable quantum computers.
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Not so simple: Mosses and ferns offer new hope for crop protection | ScienceDaily
Mosses, liverworts, ferns and algae may offer an exciting new research frontier in the global challenge of protecting crops from the threat of disease.


						
These non-flowering plants are often regarded as unsophisticated compared to their flowering relatives - which include major crops.

However, new research carried out by the John Innes Centre has found that non-flowering bryophytes, and mosses in particular, contain sophisticated immune receptor repertoires.

"The non-vascular and non-flowering bryophytes are often thought of as simple predecessors of flowering plants, but we find that mosses in particular have an expanded set of immune receptors that are perhaps the most complex amongst plants," said Dr Phil Carella, a group leader at the John Innes Centre and author of the study.

Biotechnological techniques revealed that NLR immune receptor domains which protect plants against pathogens are transferable between flowering and non-flowering plants.

Dr Carella added, "The exciting part of this study is that the diverse immunity found in non-flowering plants like mosses are transferable, so they offer us a source of new resistance genes against pathogens."

The discovery opens exciting new possibilities for engineering immunity in major crops which are facing a growing threat from emerging and rapidly evolving pathogens exacerbated by climate change.




Plants have developed leucine-rich-repeat (NLR) immune receptors to detect pathogens over millions of years. The NLRs of flowering plants is a well-studied subject, but much less is known about the form and function of receptors from divergent lineages of non-flowering, non-vascular bryophytes.

Bryophytes diverged from flowering plants over 500 million years ago, and knowledge of their immune systems is limited. Using a combination of genetic and computational tools, the team focused on the N-terminal domain of NLR immune receptors that encode the biochemical basis of plant immunity.

They found that there was remarkable structural and functional similarity between immune receptor domains across diverse plant lineages, even though the genetic sequences of these domains was highly variable.

By using transient expression techniques, they transferred immune receptor genes obtained from non-flowering plants like the liverwort Marchantia polymorpha into a flowering plant Nicotiana benthamiana, a type of dwarf tobacco.

Diverse immune receptor domains activated strong immune responses when transiently expressed in flowering plants. The reverse was also true, as researchers found they could functionally transfer an immune domain from flowering plants into to non-flowering plants.

The fact that these domains are transferable and function across plant lineages is a breakthrough in understanding and offers practical applications for crop protection.




"This means that we can use non-flowering plants like mosses or liverworts as a source of new resistance genes against crop pathogens," explained Dr Carella, "We show that we can indeed leverage the vast evolutionary diversity of immune receptors from across the entirety of the plant kingdom. So, our scope to engineer immunity is therefore a lot larger than we originally thought."

The team is also exploring the evolutionary novelties encoded in bryophytes as a source of gene discovery that can be used to protect crops against diseases.

Future experiments will seek to identify pathogen molecules that trigger immunity across diverse plants.

The researchers will also try to understand how the components of the immune receptor come together to activate an immune response.

The research also offers biological insight, said Dr Carella, "It is often considered that flowering plants are the pinnacle of evolution. But our study shows that there is likely a complexity of immune receptor biochemistries in non-flowering plants, which could offer a new reservoir for immunity if we can transfer these into crops."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710130917.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Wolves' return has had only small impact on deer populations in NE Washington | ScienceDaily
Humans drove wolves to extinction in Washington state around the 1930s. Thanks to conservation efforts, by about 80 years later, wolves had returned -- crossing first from the Canadian border into Washington around 2008 and later entering the state from Idaho. Since then, wolf numbers in Washington have been steadily growing, raising questions about what the return of this large predator species means for ecosystems and people alike.


						
In northeast Washington, where wolves have recovered most successfully, researchers from the University of Washington and the Washington Department of Fish and Wildlife tracked one of their primary prey -- white-tailed deer -- in part to see what impact wolf packs are having on deer populations. The answer? So far, wolves aren't having as much of an impact on deer as other factors.

In a paper published June 18 in Ecological Applications, the team reports that the biggest factors shaping white-tailed deer populations in northeast Washington are the quality of habitat available and a different, long-established large predator in the state: the cougar, also known as the mountain lion or puma. Wolves were a distant third in their impact.

"A big take-away from this study is that wolves are not returning to empty landscapes. These are places with humans and other carnivore species, like cougars, which will affect the impact that wolves can have," said lead author Taylor Ganz, who conducted this research for her UW doctoral degree as part of the Washington Predator-Prey Project. "This area has a relatively high human footprint compared to other areas where wolves have been studied. These are not national parks or dense, old-growth forests. They are areas with active logging, farming, ranching and towns. Our findings show that these factors are likely limiting the impact of wolves on one of their primary food sources."

It's not that wolves aren't preying on white-tailed deer. According to the study, they are, just not enough to take a large bite out of the population as a whole.

White-tailed deer are widespread east of the Cascades. The state's highest-density population of this species lies within the study area, which includes farmland and timber forests in parts of Stevens and Pend Oreille counties in northeast Washington. For the study, researchers radio-collared 280 white-tailed deer, 14 wolves, 50 cougars, 28 coyotes and 33 bobcats from 2016 to 2021. At the time of collaring, the researchers also noted vital statistics, including body condition, age and whether females were pregnant. When collared animals died, the team conducted a mortality investigation, if possible, and attempted to determine the cause of death.

The team, which also includes researchers with Washington State University and the Spokane Tribe of Indians, used the resulting dataset to estimate the growth rate of the white-tailed deer population over the four-year study, and to identify the major factors shaping it. The analysis determined that the white-tail population in the study area was likely stable, or slightly declining, but that wolves were not largely responsible.




The biggest factor impacting the deer population was habitat quality, including the amount of forage available for deer. For white-tailed deer, which are highly adaptable to human activity, foraging sites can range from forests and shrublands to agricultural fields. The study area includes both agricultural land and forests recently harvested for timber, both of which could provide deer with high-caloric density foraging sites, according to Ganz.

After habitat quality, the study found that predation by cougars had a smaller effect on the white-tailed population. Wolf predation had a still smaller impact. Bobcats and coyotes -- both medium-sized predators -- had a negligible impact on deer numbers.

"Studies like this provide valuable insights about the complexity of these systems and how managing predator and prey populations is challenging and dynamic," said co-author Melia DeVivo, a research scientist with the WDFW. "It's important to continue evaluating these systems to understand the impacts of management decisions. Prior to this study, one might have expected that relying solely on wolf management strategies would result in a booming deer population, when it is clearly more complex than that."

Since their return, the number of wolves in Washington has risen steadily, reaching a minimum of 260 in 2023, according to state researchers. Four wolf packs reside in the northeast Washington Predator-Prey Project study area. The total number of wolves in the study area -- about 23 -- remained steady overall during the research period.

The team's findings contrast with studies of long-established wolf populations in protected areas, like Yellowstone National Park, which show a higher impact of wolves on the population dynamics of their prey species. To the authors of this new study, those differences highlight the importance of studying wolves in a variety of habitats.

"This study reminds us that the population dynamics of predator and prey species can vary quite a bit," said senior author Laura Prugh, a UW associate professor of environmental and forest sciences. "Habitat quality, the species that are present and the degree of human activity all affect the impact that large predators like wolves will have. It's critical to compare different types of sites."

The paper is part of the Washington Predator-Prey Project, a partnership between the UW and the WDFW to investigate the impact of the wolves' return on state ecosystems. Additional co-authors are Sarah Bassing , a UW doctoral alum in environmental and forest sciences; Lauren Satterfield, a UW doctoral student in environmental and forest sciences; biologists Brian Kertson and Benjamin Turnock with the WDFW; Lisa Shipley, a professor at WSU; Savannah Walker and Derek Abrahamson, both biologists with the Spokane Tribe of Indians; Beth Gardner, a UW associate professor of environmental and forest sciences; and Aaron Wirsing, a UW professor of environmental and forest sciences. The research was funded by WDFW, the National Science Foundation, the Rocky Mountain Elk Foundation, and the UW College of the Environment.
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Researchers customize AI tools for digital pathology | ScienceDaily
Scientists from Weill Cornell Medicine and the Dana-Farber Cancer Institute in Boston have developed and tested new artificial intelligence (AI) tools tailored to digital pathology -- a rapidly growing field that uses high-resolution digital images created from tissue samples to help diagnose disease and guide treatment.


						
Their paper, published in The Lancet Digital Health on July 9, demonstrates that ChatGPT, an AI language model developed to understand and generate text, can be tailored to provide accurate responses to questions about digital pathology and compile detailed results. The authors also found that ChatGPT can help pathologists without extensive coding experience use complex software that analyzes tissue samples, helping bridge the gap between pathology and digital pathology skills.

ChatGPT is a large language model (LLM), meaning it generates text on a wide range of topics using extensive amounts of data. "LLMs are good for general tasks, but they aren't the best tools for getting useful information for specialized fields," said the study's lead author Dr. Mohamed Omar, assistant professor of research in pathology and laboratory medicine and a member of the Division of Computational and Systems Pathology at Weill Cornell Medicine. Dr. Luigi Marchionni, associate professor in pathology and laboratory medicine and head of the Division of Computational and Systems Pathology, is also a co-author on this study.

To create AI tools that could increase the efficiency and accuracy needed for the nuanced decision-making necessary in digital pathology, corresponding author Dr. Renato Umeton, director of Artificial Intelligence Operations and Data Science Services, Informatics & Analytics Department at Dana-Farber, spearheaded the effort to customize ChatGPT.

Boosting AI Accuracy for Pathology

"General LLMs have two major problems. First, they often provide lengthy generic responses that don't contain useful information," Dr. Omar said. "Second, these models can hallucinate and make things up out of nowhere, including literature citations. This is especially bad in specialized fields like digital pathology and cancer biology, for example."

To address the glitches, Dr. Umeton started with a safe, private and secure ChatGPT version implemented at Dana-Farber Cancer Institute (GPT4DFCI). The researchers augmented GPT4DFCI with access to a comprehensive and curated database of the latest developments in digital pathology, consisting of 650 publications from 2022 onward, which added over 10,000 pages of literature.




"We could ask this new system to catch us up on many specific topics or techniques in digital pathology and get results in seconds, with a level of detail, depth and summarization that doesn't exist in current scientific literature tools or search engines," Dr. Umeton said.

They used a technique called retrieval-augmented generation (RAG), which enabled GPT4DFCI to access relevant documents or information from this specialized database and generate accurate responses to user prompts about digital pathology, but nothing outside of that realm.

Dr. Omar and his colleagues compared the responses from GTP4DFCI to those provided with the more general GPT-4 model. By requiring GTP4DFCI to provide links to the specific publications it used to generate responses, they determined that the answers were accurate and grounded. The refined model provided more precise and relevant answers than GPT-4 and did not hallucinate even once.

"My hope is that this will be a catalyst for more domain-specific tools in other fields of medicine or medical research," Dr. Omar said.

AI Provides a Helping Hand with Coding

The second AI program the team developed helps pathologists use PathML, a specialized software library that requires familiarity with the programming language Python for analyzing vast and complex histopathology image datasets. "Pathologists or scientists without prior coding experience often find PathML very challenging to use for image analysis tasks," said Dr. Omar.

The researchers integrated PathML with ChatGPT, allowing users to simply type in their questions about running histopathology analyses with PathML. The tool then provides step-by-step, accurate instructions on coding for their samples.

"Our research shows that, when combined with the proper information retrieval techniques, ChatGPT and safeguarded AI tools, like GPT4DFCI, can be extremely effective in supporting basic researchers," Dr. Umeton said. "These tools are helpful even across very complex topics that need extremely precise answers, like digital pathology."
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Young people believe that artificial intelligence is a valuable tool for healthcare | ScienceDaily
Children and young people are generally positive about artificial intelligence (AI) and think it should be used in modern healthcare, finds the first-of-its-kind survey led by UCL and Great Ormond Street Hospital (GOSH).


						
The national study asked children and young people aged six to 23 years old, across all four UK nations for their views on how they would like AI to be used to enhance their healthcare.

The team was led by Professor Susan Shelmerdine (UCL Great Ormond Street Institute of Child Health and GOSH) and Dr Lauren Lee, a Young Facilitator in the GOSH Young Persons' Advisory Group (YPAG) -- a group that works with GOSH to ensure young people's views are considered.

AI is becoming more available in modern healthcare, particularly in the field of radiology, where it can be used to analyse scans. But while the radiology community, including children's radiologists, are generally positive about AI use, little attention has been paid to how children and young adults feel about the use of AI on their own imaging data.

The results of the survey, which was co-developed with a steering committee of patients and carers from the GOSH YPAG and GOSH parents and Carer Advisory Group (PCAG) for research showed that children and young people are cautious, but generally positive about AI.

The survey results found that young people were keen for AI to be used in healthcare, particularly if it could improve their care and outcomes. However, they wanted the tools to be supervised by healthcare professionals as they feel there are elements of care such as empathy and ethical decision making, that AI cannot mimic and when faced between a human and computer they would be more willing to trust the human.

For specific questions asked about radiology, respondents felt that AI would be accurate at finding problems on bone X-rays and they didn't mind how long the results took, as long as they were as accurate as possible, and that the AI was used with a trusted doctor still in charge of their care.




The study's findings are already being incorporated into research based at GOSH, evaluating and developing AI tools to better detect and describe fractures from a large dataset of x-ray scans in children across Britain. The online survey was sent out to schools, universities and charity partners, encouraging children and young adults to respond over a one-year period.

Lead researcher, Professor Susan Shelmerdine (UCL Great Ormond Street Institute of Child Health and GOSH) and her team are hoping to develop AI tools that can create written reports direct from radiology images and allow patients to ask the AI questions about their imaging.

Professor Shelmerdine said: "The number of trained children's radiologists in the UK is relatively small, so tools like AI could help upskill our workforce to enable more equitable care for patients who don't have the option to visit specialist hospitals like GOSH.

"Nevertheless, we cannot assume that we know what children want. It was encouraging to see that when asked, children and young people were positive about the use of AI in their healthcare, but it was also important to understand what was important to them -- such as human oversight -- so that we can factor this into the development of new tools and treatments."

Study co-lead and Young Facilitator, Dr Lauren Lee of Epsom and St Helier University Hospitals NHS Trust, said: "There are a lot of discussions about how AI can help to facilitate healthcare. Until this study, no one has really asked the younger generation how we feel about it, especially as we will be growing up alongside AI developments.

"It has been great to be able to give young people a voice in this space."
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The origins of dark comets | ScienceDaily
Up to 60% of near-Earth objects could be dark comets, mysterious asteroids that orbit the sun in our solar system that likely contain or previously contained ice and could have been one route for delivering water to Earth, according to a University of Michigan study.


						
The findings suggest that asteroids in the asteroid belt, a region of the solar system roughly between Jupiter and Mars that contains much of the system's rocky asteroids, have subsurface ice, something that has been suspected since the 1980s, according to Aster Taylor, a U-M graduate student in astronomy and lead author of the study.

The study also shows a potential pathway for delivering ice into the near-Earth solar system, according to Taylor. How Earth got its water is a longstanding question.

"We don't know if these dark comets delivered water to Earth. We can't say that. But we can say that there is still debate over how exactly the Earth's water got here," Taylor said. "The work we've done has shown that this is another pathway to get ice from somewhere in the rest of the solar system to the Earth's environment."

The research further suggests that one large object may come from the Jupiter-family comets, comets whose orbits take them close to the planet Jupiter. The team's results are published in the journal Icarus.

Dark comets are a bit of a mystery because they combine characteristics of both asteroids and comets. Asteroids are rocky bodies with no ice that orbit closer to the sun, typically within what's called the ice line. This means they are close enough to the sun for any ice the asteroid may have been carrying to sublimate, or change from solid ice directly into gas.

Comets are icy bodies that show a fuzzy coma, a cloud that often surrounds a comet. Sublimating ice carries dust along with it, creating the cloud. Additionally, comets typically have slight accelerations propelled not by gravity, but by the sublimation of ice, called nongravitational accelerations.




The study examined seven dark comets and estimates that between 0.5 and 60% of all near-Earth objects could be dark comets, which do not have comae but do have nongravitational accelerations. The researchers also suggest that these dark comets likely come from the asteroid belt, and because these dark comets have nongravitational accelerations, the study findings suggest asteroids in the asteroid belt contain ice.

"We think these objects came from the inner and/or outer main asteroid belt, and the implication of that is that this is another mechanism for getting some ice into the inner solar system," Taylor said. "There may be more ice in the inner main belt than we thought. There may be more objects like this out there. This could be a significant fraction of the nearest population. We don't really know, but we have many more questions because of these findings."

In previous work, a team of researchers including Taylor identified nongravitational accelerations on a set of near-Earth objects, naming them "dark comets." They determined that the dark comets' nongravitational accelerations are likely the result of small amounts of sublimating ice.

In the current work, Taylor and their colleagues wanted to discover where the dark comets came from.

"Near-Earth objects don't stay on their current orbits very long because the near-Earth environment is messy," they said. "They only stay in the near-Earth environment for around 10 million years. Because the solar system is much older than that, that means near-Earth objects are coming from somewhere -- that we're constantly being fed near-Earth objects from another, much larger source."

To determine the origin of this dark comet population, Taylor and their coauthors created dynamical models that assigned nongravitational accelerations to objects from different populations. Then, they modeled a path these objects would follow given the assigned nongravitational accelerations over a period of 100,000 years. The researchers observed that many of these objects ended up where dark comets are today, and found that out of all potential sources, the main asteroid belt is the most likely place of origin.




One of the dark comets called 2003 RM, which passes in an elliptical orbit close to Earth, then out to Jupiter and back past Earth, follows the same path that would be expected from a Jupiter family comet, Taylor says -- that is, its position is consistent with a comet that was knocked inward from its orbit.

Meanwhile, the study finds that the rest of the dark comets likely came from the inner band of the asteroid belt. Since the dark comets likely have ice, this shows that ice are present in the inner main belt.

Then, the researchers applied a previously suggested theory to their population of dark comets to determine why the objects are so small and quickly rotating. Comets are rocky structures bound together by ice -- picture a dirty ice cube, Taylor says. Once they get bumped within the solar system's ice line, that ice starts to off gas. This causes the object's acceleration, but it can also cause the object to spin quite fast -- fast enough for the object to break apart.

"These pieces will also have ice on them, so they will also spin out faster and faster until they break into more pieces," Taylor said. "You can just keep doing this as you get smaller and smaller and smaller. What we suggest is that the way you get these small, fast rotating objects is you take a few bigger objects and break them into pieces."

As this happens, the objects continue to lose their ice, get even smaller, and rotate even more rapidly.

The researchers believe that while the larger dark comet, 2003 RM, was likely a larger object that got kicked out of the outer main belt of the asteroid belt, the six other objects they were examining likely came from the inner main belt and were made by an object that had gotten knocked inward and then broke apart.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710130900.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Cystic fibrosis: School-aged children benefit from triple combination therapy | ScienceDaily
Cystic fibrosis is a hereditary disease that so far has been incurable. Those affected have thick, viscous mucus secretions in their lungs, and lung function diminishes steadily over time. Today, triple combination therapy makes it possible to address the root causes of the defect underlying the disease. This form of treatment was recently approved for children in addition to adults. A recent observational study led by Charite -- Universitatsmedizin Berlin shows that the new treatment significantly improves the health status of school-aged children with cystic fibrosis. The results have been published in the European Respiratory Journal.


						
People with cystic fibrosis experience a buildup of thick, viscous mucus secretions in the lungs, clogging their airways. This leads to shortness of breath, chronic bacterial infections, inflammation and tissue changes in the lungs, with diminishing lung function. Lifelong symptomatic treatment involving daily inhalation of mucus-thinning medications, antibiotics in certain cases, and physical therapy is recommended for those with the disease.

A new therapeutic concept emerged in 2020 as a way to address not only the symptoms, but the cause of the disease: combination therapy with three drugs called elexacaftor, tezacaftor, and ivacaftor. This "triple combination therapy" is taken as a pill and was approved for children six years and older in 2022 and then, in 2023, starting at the age of two years.

"Having this therapy become available for children is a real blessing for our young patients," says Prof. Mirjam Stahl, corresponding author of the study and head of the Division of Cystic Fibrosis at the Department of Pediatric Respiratory Medicine, Immunology and Critical Care Medicine at Charite. "In our recent observational study, which we conducted on children ranging in age from six to eleven years, we were able to show that triple combination therapy leads to a significant improvement in the lung disease."

How the triple combination therapy works 

As a disease, cystic fibrosis is based on genetic defects that cause the molecular structures responsible for normal production of mucus that covers the airway surfaces of the lungs, known as CFTR channels, to work inadequately or not at all. CFTR channels regulate the transportation of salt and water across airway surfaces ensure that the mucus formed is liquid enough. About 90 percent of cystic fibrosis patients have a mutation known as F508del, which causes structural damage to the CFTR channel, so it is not functional.

Two of the drugs involved in the triple combination therapy, elexacaftor and tezacaftor, can correct this structural damage. The third one, ivacaftor, acts as a kind of wedge, keeping the CFTR channel open at all times. "Triple combination therapy makes it possible to boost the functioning of the CFTR channel to as much as 50 percent of normal levels," Stahl says. "We know from a previous observational study of adults that the triple combination therapy is associated with considerable improvement in lung function and quality of life. It's a true game changer for the majority of patients."

Lung function comparable to healthy subjects




But how effective is the triple combination therapy in children of elementary school age? The team of researchers led by Stahl and Prof. Marcus Mall, Director of the Department of Pediatric Respiratory Medicine, Immunology and Critical Care Medicine and the head of the observational study, aimed to find out. The study was conducted at four German cystic fibrosis centers. In addition to Charite, the Hannover Medical School (MHH), Heidelberg University Hospital, and the University Hospital of Giessen were also involved.

The researchers studied 107 children with cystic fibrosis ranging in age from six to eleven years, both before the treatment started and during the prescribed triple combination therapy. Typical examination methods for gauging lung function, such as spirometry, were paired with new and innovative methods such as multiple breath washout and magnetic resonance imaging (MRI) of the lungs. These methods made it possible to detect and visualize changes in the lungs such as widening of the bronchi, thickening of the bronchial walls, and persistent mucus deposits in great detail.

The team of researchers followed the study participants for about a year. "Triple combination therapy significantly reduced the severity of lung disease in young patients and, at least during the one-year study period, also prevented the disease from progressing," Mall says, summarizing the results of the study. "The majority of the children even achieved normal lung function with the triple combination therapy. That's a highly positive result!"

Further research 

Stahl and her team are currently conducting a similar observational study of children ranging in age from two to five years to shed further light on the benefits of triple combination therapy in this age group as well. "We hope starting triple combination therapy in early childhood will be able to prevent the emergence of severe symptoms and the formation of structural changes in the lungs," she says.

The researchers also aim to find out whether the symptom-based therapy for cystic fibrosis can be reduced during triple combination therapy. So far, it has been continued in parallel. Stahl comments: "Needing fewer inhalations would be a huge time saver for patients in day-to-day life and significantly improve their quality of life."

About cystic fibrosis




Cystic fibrosis is one of the most common fatal hereditary diseases worldwide. As many as 8,000 children, teens, and adults are living with the disease in Germany today. An imbalance in salt and water levels in the body causes people with cystic fibrosis to produce thick, sticky secretions that harm organs such as the lungs and pancreas. This leads to progressive loss of lung function and shortness of breath, which still significantly lowers life expectancy despite advances in treatment. Some 150 to 200 children are born with this rare disease in Germany each year. A test for cystic fibrosis is part of routine screening for newborns.

About the triple combination therapy

A combination of three drugs -- elexacaftor, tezacaftor, and ivacaftor -- became available in Europe in August 2020. The therapy noticeably improves lung function and quality of life in patients with the most common genetic defect involved in CF, F508del. This means the treatment is an option for nearly 90 percent of those living with cystic fibrosis. The combination therapy was approved for children starting at the age of six years in early 2022 and then for children starting at the age of two years in 2023.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710130858.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers elucidate mechanism behind cardiac fibrosis, opening way for new heart failure treatments | ScienceDaily
Cardiovascular disease often culminates in heart failure, a hallmark of which is fibrosis, a form of tissue scarring. Cardiac fibrosis initially repairs damaged heart tissue, but it can quickly become excessive and pathological. Identifying the mechanisms behind fibrosis is a focal point in cardiovascular research, and now scientists at the Lewis Katz School of Medicine at Temple University have discovered a critical genetic mechanism driving the process -- and they have identified a novel target for reversing it.


						
"In pathological fibrosis, resident fibroblasts in the heart that are activated by tissue injury differentiate into myofibroblasts that then produce and secrete excessive extracellular matrix," explained John W. Elrod, PhD, Director of the Aging + Cardiovascular Discovery Center (ACDC) and Professor of Cardiovascular Sciences at the Katz School of Medicine, and senior investigator on the new study. "Fibroblast activation often depends on transforming growth factor-b (TGFb), and we now show for the first time that TGFb increases the enzyme ATP-citrate lyase (ACLY), which localizes to the cell nucleus and interacts at specific sites on genes to epigenetically drive and maintain fibrosis."

Dr. Elrod's team further found that inhibition of ACLY prevents myofibroblast formation and activation of epigenetic sites. The discovery marks ACLY as a novel therapeutic target for the reversal of fibrosis. The team described their findings in a paper published online in the journal Nature Cardiovascular Research.

The new work builds on previous observations from Dr. Elrod's laboratory, particularly their prior discovery of a signaling pathway that promotes myofibroblast formation via histone demethylation. Histone demethylation is an epigenetic modification involved in gene transcription and related processes that regulate the flow of genetic information in cells. The team's earlier research also demonstrated that inhibiting a metabolic pathway known as glutaminolysis can reverse myofibroblast-mediated fibrosis in an epigenetic-dependent fashion.

ACLY is a key component of the latest research by Dr. Elrod and colleagues, owing to the link between glutaminolysis, metabolite levels, and acetyl-CoA biosynthesis. ACLY also is known to sustain histone acetylation, which influences processes that determine cell fate. In the new study, Dr. Elrod's team, led by MD/PhD graduate student Michael P. Lazaropoulos, set out to better understand the involvement of ACLY and, more specifically, the role of histone acetlyation in regulating the fate of myofibroblasts.

In initial experiments carried out in cardiac fibroblasts isolated from mice, the researchers demonstrated that ACLY is necessary for myofibroblast differentiation and that its inhibition reverses the pro-fibrotic phenotype of myofibroblasts, reverting the cells to a less pathogenic state. Employing a novel genetic system that enabled simultaneous gene deletion and protein tracking, they then showed that ACLY translocates to the cell nucleus, where it interacts with a transcription factor known as SMAD. Aided by SMAD, ACLY is directed to locations within the genome where its involvement in histone acetylation facilitates fibrosis.

"We found that ACLY binding to SMAD allows ACLY to localize to specific genetic loci, where it then locks in genetic programming that promotes myofibroblast formation and a fibrotic phenotype," Dr. Elrod explained.

Dr. Elrod's team further showed that ACLY inhibition reverses myofibroblast fate, enabling cells to change back to a non-disease phenotype. This was demonstrated in mouse cardiac fibroblasts and in cardiac fibroblasts isolated from human heart failure patients. ACLY was inhibited experimentally in two ways, including by a pharmacological intervention and by a genetic disruption.

"Because of these observations, we can confidently say that epigenetic mechanisms involving acetylation are essential to maintaining the fibrotic process in heart cells," Dr. Elrod said. "We also now have a target -- ACLY -- to reverse fibrosis, based on our studies in animal cells and cells from human patients."

Dr. Elrod hopes next to advance the translational impact of the new findings by investigating pharmacological agents capable of inhibiting ACLY. "One of the agents we used in our experiments has been investigated in clinical trials for other applications," he noted. In addition to exploring therapeutic avenues, his team also plans on expanding their findings to other diseases involving pathological fibrosis.
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The detection of a massive harmful algal bloom in the Arctic prompts real-time advisories to western Alaskan communities | ScienceDaily
In summer of 2022, a research cruise detected a massive harmful algal bloom (HAB) in the Bering Strait region of western Alaska. This expedition provided a dramatic example of science utilizing new technology to track a neurotoxic HAB, and effectively communicate information that protects remote coastal communities in real-time.


						
The large spatial scale, high cell density, long duration, and potent toxicity of the 2022 HAB event "posed an unprecedented risk to human and ecosystem health as well as maritime subsistence harvest activities in the Bering Strait region and beyond," according to the journal article "Tracking a large-scale and highly toxic Arctic algal bloom: rapid detection and risk communication," published in Limnology and Oceanography Letters.

Researchers from the Woods Hole Oceanographic Institution (WHOI) and its partners, noted that, to their knowledge, the 2022 event was the largest HAB event documented in polar waters to be caused by the single-celled organism Alexandrium catenella, which produces neurotoxins called paralytic shellfish toxins (PSTs). Toxins produced by this organism as it proliferates or "blooms" can accumulate in organisms that consume the algae, and the toxins can then be transferred through the food web causing illness or mortality of marine animals and potentially fatal Paralytic Shellfish Poisoning (PSP) in people who eat contaminated seafoods.

The bloom of Alexandrium stretched at least 600 kilometers (~370 miles) from the northern Bering Sea to the southern Chukchi Sea at its peak. While concentrations of A. catenella in excess of 1,000 cells per liter are considered dangerous, the measured maximum concentrations in this bloom exceeded 174,000 cells per liter -- a record breaker for Arctic waters. In addition, the high toxicity of the Alexandrium cells compounded the poisoning risk from the bloom, according to the researchers.

The 2022 event "represented a striking example of northward bloom advection" -- i.e., transport -"from subpolar waters, as well as eastward penetration into Alaskan Coastal waters due to local wind forcing. This mixing of nutrient-rich Bering Sea water with warm coastal waters likely fueled A. catenella growth and accumulation," the article states. "As continued warming shifts the Pacific Arctic towards more favorable conditions for A. catenella blooms, comprehensive monitoring and response resources will be essential in mitigating the impacts of future bloom events."

""A goal of this study is to bring more attention to some of the serious issues this region is facing, knowing that as climate changes and the Arctic continues to warm, it's more likely that we are going to see blooms like this occurring in polar waters. We are hopeful that this research can motivate more robust testing and monitoring," said journal article lead author Evie Fachon, a biologist and Ph.D. candidate in the Massachusetts Institute of Technology/WHOI Joint Program.

Fachon, who led the HAB team on the cruise, recalled watching from the research vessel R/V Norseman II as data came in from an Imaging FlowCytobot (IFCB), a robotic microscope that was configured to sample near-surface waters, collect imagery of the phytoplankton community along the cruise track, and enable real-time detection of the A. catenella bloom as it spread into Arctic waters during the course of two back-to-back cruise legs lasting a total of six weeks. "As we recorded the cell concentration getting higher and higher as the vessel tracked north, we knew we needed to provide that information to people in the region who could be impacted," she said.




Working in collaboration with tribal and state governments and other regional hub community-based groups in Nome, a communications plan had proactively been planned, allowing for rapid situational awareness and public health precautions to be conveyed to people in remote areas.

With many western and northern Alaskan coastal communities relying on a diverse array of marine resources for subsistence and commercial harvest activities, researchers and collaborators distributed risk advisories to tribal governments, regional media, and the public shortly after the 2022 bloom was detected. The efforts "mobilized a rapid and unprecedented regional response in an area with little experience of HABs, much less one of this magnitude," the researchers noted.

Gay Sheffield, the Marine Advisory Program Agent for Alaska Sea Grant, recalled that within 24 hours of assisting with the first regional advisory, the tribally owned Norton Sound Health Corporation (NSHC) had its community-based health clinics on alert for symptoms of PSP, a novel human health risk to the Bering Strait region. Sheffield, a co-author of the journal article, was able to re-route a marine mammal carcass survey to alert people and provide educational as well as emergency response information on Little Diomede Island, which is in the middle of the Bering Strait between the Alaskan mainland and Chukotka, Russia. The community at Diomede Island was at the epicenter of the unprecedented high cell counts and high toxicity during the event. "I had just 15 minutes on the helipad to caution people to not harvest their primary subsistence seafoods such as walruses, bearded seals, clams, and tunicates and to provide people with printed advisory and educational materials. It was a difficult message to have to give -- and certainly for the community to receive -- regarding human health, food safety, and food security concerns."

Another example of the advisories' reach was when a local family had unexpectedly caught a large clam near St. Lawrence Island located at the southern end of the Strait in the northern Bering Sea and wanted to share that clam with their youngest child. However, due to the regional advisories, the family instead sent the clam to the NSHC in Nome for toxicity testing. Subsequent test results showed this clam had more than five times the federal seafood regulatory limit for the PST called saxitoxin. The incident was a sobering example of this new health threat to regional peoples. The researchers said they are not aware of anybody who got sick during the bloom event.

"When we planned the research cruise, we wanted to document the dynamics of a very important and poorly understood process connected to climate and a changing environment in Alaska," said journal co-author Don Anderson, academic advisor to Fachon and a senior scientist in the Biology Department at WHOI, where he also serves as director of the U.S. National Office for Harmful Algal Blooms.

"Science has advanced to allow us to obtain this real-time offshore HAB information, and to show how important it is to society," Anderson said. "We demonstrated how this sophisticated instrument, the IFCB, provides critical information from the ship, can be the centerpiece of a regional observing system, even in very remote and underserved -- in terms of accessibility, power, and internet -- areas."

Collaboration between the researchers and regional communities "was key for better communication and outreach in real time during this dangerous situation," Sheffield said. "The bloom was a threat to the diverse marine wildlife that regional people and communities rely on for their nutritional, cultural, and economic well-being. This incident shows that researchers and western Alaskan communities benefit by working together, which is a strategy the Bering Strait region excels at -- especially in times of trouble. With the climate continuing to warm, we will have to adapt to this new problem, and we are at the beginning phase of that."
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New form of repetitive magnetic brain stimulation reduces treatment time for bipolar disorder | ScienceDaily
A potential new treatment for bipolar disorder (BP) that significantly shortens treatment time has emerged, following a randomized clinical trial using accelerated intermittent theta burst stimulation (aiTBS). While current theta burst stimulation (TBS) treatments can take between four and six weeks to administer, this new technique reduces treatment to five days.


						
The study, published in JAMA Psychiatry, was led by Yvette I. Sheline, MD, the McLure Professor of Psychiatry and Behavioral Research and Director, Center for Neuromodulation in Depression and Stress at the University of Pennsylvania Perelman School of Medicine.

"aiTBS offers a new potential therapy for depressed patients with bipolar disorder who may not respond well to drugs or cannot tolerate their side effects while also significantly shortening the treatment window," Sheline said.

Intermittent theta burst stimulation is a non-invasive form of brain stimulation in which a changing magnetic field is used to induce an electric current at a specific brain area through a process called electromagnetic induction. It is thought that this stimulation produces neuroplastic changes which alter brain connectivity, leading to decreased depressive symptoms.

While aiTBS is approved by the Food and Drug Administration (FDA) to treat major depressive disorder (MDD), this is the first accelerated trial focusing on aiTBS and bipolar disorder.

Major depressive disorder, commonly referred to as depression, is a serious mood disorder that causes severe symptoms that can impact how a person thinks and manages their daily life. MDD differs from BP as those diagnosed with BP also experience manic or hypomanic episodes -- with symptoms such as uncontrollable racing thoughts, restlessness or feelings of euphoria. Typically, patients with BP may alternate between depressed and manic or hypomanic phases.

Standard treatments for BP include mood stabilizers such as lithium, and may include talk therapy, such as cognitive behavioral therapy (CBT).




All patients in the study were required to be on a mood stabilizer to be included in the study.

The double-blind, sham-controlled study -- meaning that neither the patients nor the study team knew who got active and who got sham treatment until the study was over -- included 24 depressed patients with treatment-resistant bipolar disorder. Intervention included five days with 10 sessions per day (active vs. sham aiTBS) delivered at one session per hour. Outcomes were measured using the Montgomery-Asberg Depression Rating Scale (MADRS), a diagnostic questionnaire used to measure the severity of depressive mood disorders. Scores were weighed prior to and one day following treatment, as well as at a four-week follow up.

The mean MADRS score in the active group was 30.4 (4.8) at baseline and 10.5 (6/7) immediately after treatment. In the sham group, the mean MADRS score was 28.0 (5.4) at baseline and 25.3(6.7) after treatment. This means that those who received active treatment had a substantial decrease in their depression symptoms compared to those who received sham stimulation.

Secondary measures included repeated MADRS scores at all study visits, coupled with two additional measures: the Hamilton Depression Rating Scale score and Beck Depression Inventory score.

Sheline noted that while the small sample size requires replication in a larger trial, the size is comparable to recent studies of aiTBS for MDD.
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The Gulf Stream is wind-powered and could weaken from climate change | ScienceDaily
New evidence of changes to the Gulf Stream during the last ice age could indicate additional sensitivity to future climatic changes, finds a new study led by UCL researchers.


						
The research, published in Nature, found that during the last ice age about 20,000 years ago, the Gulf Stream was stronger than today because of more powerful winds across the subtropical North Atlantic. This could mean that if climate change causes a reduction in subtropical winds in the future, as initial research is beginning to indicate1, the Gulf Stream could also weaken. This would limit the amount of tropical heat that reaches Europe, cooling the continent and causing higher sea levels in North America, but the likely size of this potential effect is still unclear.

The Gulf Stream is a surface current that flows up the east coast of the US then crosses the Atlantic to Europe, carrying warm tropical water with it. This warm water releases heat into the atmosphere, warming Europe.

The researchers found that during the last ice age, when ice sheets covered much of the northern hemisphere, stronger winds in the region resulted in a stronger and deeper Gulf Stream. However, despite the stronger Gulf Stream, overall, the planet was still much colder than today.

Lead author Dr Jack Wharton (UCL Geography) said: "We found that during the last ice age, the Gulf Stream was much stronger because of stronger winds across the subtropical North Atlantic. As a result, the Gulf Stream was still moving lots of heat northwards, despite the rest of the planet being far colder. Our work also highlights the Gulf Stream's potential sensitivity to future changes in wind patterns. For example, if in the future winds are weaker, as shown in a recent study using climate models, it could mean a weaker Gulf Stream and a cooler Europe."

The Gulf Stream is also part of the vast Atlantic Meridional Overturning Circulation (AMOC), which is driven by both deep water formation in the subpolar North Atlantic, where cooling causes surface waters to become dense and sink, as well as winds. Scientists have previously raised concerns about how climate change could weaken the AMOC as melting glacial water pouring off Greenland could disrupt deepwater formation, preventing warm tropical water from reaching Europe and thus cooling the continent.

Together, the combined effect of weakening winds and reduced deep water formation could significantly weaken the Gulf Stream. If the AMOC were to collapse -- considered an unlikely but possible future scenario -- European temperatures would cool by 10 to 15 degrees Celsius, wreaking havoc on continental agriculture and weather patterns, and the decrease in the wind-driven part of the Gulf Stream would further exacerbate this.




Co-author Professor Mark Maslin (UCL Geography) said: "It's not always recognised how much ocean currents are responsible for transferring heat around the planet and shaping our climate. Paradoxically, the warming of the climate could cool down much of Europe by disrupting the AMOC. Our new research adds to this understanding, and shows that the weakening of the winds which drive the Gulf Stream could reduce the circulation of heat, further affecting the continent."

Though the AMOC and its constituent currents, including the Gulf Stream, is sometimes referred to as a giant conveyer belt, this study highlights the system's complexity, with each part of the current capable of having its own unique response to climate change.

Co-author Professor David Thornalley (UCL Geography) said: "Rather than the established conveyor belt metaphor, perhaps it is better to think of the AMOC as a series of interconnected loops. There is the subtropical loop -- that the Gulf Stream is part of -- and a subpolar loop, which carries heat further northwards into the Arctic. During the last ice age, our findings show that the subtropical loop was stronger than it is today, whereas the subpolar loop is thought to have been weaker. Therefore, when investigating anthropogenic climate change and the AMOC, we need to consider how these different parts may change and what climate impacts each is associated with."

To gauge the strength of the prehistoric Gulf Stream, the researchers analysed the fossil remains of foraminifera -- microorganisms that live at the bottom of the ocean -- taken from sediment cores recovered off the coast of North Carolina and Florida, in collaboration with researchers based at Woods Hole Oceanographic Institute in Massachusetts.

The researchers found that foraminifera taken from layers dating to the last ice age in sediment cores from different locations beneath the Gulf Stream had isotopic signatures (the ratio of oxygen-18 to oxygen-16, which is controlled by a combination of temperature and salinity) that indicated a Gulf Stream that was twice as deep and flowing twice as fast compared to today.

This research was supported by NERC, the Leverhulme Trust, the National Science Foundation, and the European Union's Horizon Europe and Horizon 2020 Research and Innovation Programmes.

1Asbjornsen, H., & Arthun, M. (2023). Deconstructing future AMOC decline at 26.5 N. Geophysical Research Letters, 50(14), e2023GL103515.
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Discovery could help reduce adverse side effects of popular next-generation obesity medications | ScienceDaily
The next chapter in the story of headline-making popular obesity drugs may center on the physiological relationship between feeling satisfied after a meal versus the neurological control of nausea. By teasing apart the therapeutic benefits from the adverse effects of these medications, researchers from the Monell Chemical Senses Center found a population of neurons in the brain that controls food intake without causing nausea in an animal model.


						
The study, published today in the journal Nature, describes two distinct neural circuits that govern different effects of the same drug. The drugs studied are among the most effective weight-loss drugs available -- known as long-acting glucagon-like peptide-1 receptor (GLP1R) agonists -- which initiate neurochemical responses via receptors expressed in the body.

One of the most effective and popular GLP1-based drugs -- called semaglutide and marketed as Ozempic(r) and Wegovy(r) -- produces impressive weight loss results in clinical trials. According to the World Health Organization, in 2022, 1 in 8 people globally were living with obesity, making the development of drugs like these of dire importance.

"One of the barriers to drug treatments for obesity is side effects such as nausea and vomiting," said senior author Amber L. Alhadeff, PhD, Monell Assistant Member. "We did not have a good idea of whether these unpleasant side effects are related or necessary for the weight-loss effects."

To find out, the Monell team investigated the brain circuits that link feeling full after ingesting a meal to those causing food avoidance due to feeling nauseated. The researchers found that neurons in the hindbrain mediate both effects of these obesity drugs, and unexpectedly also discovered that the individual neurons mediating satiety and nausea are different.

Two-photon imaging of hindbrain GLP1R neurons in live mice showed that most individual neurons are tuned to react to stimuli that are either nutritive or aversive, but not both. What's more, the study revealed that GLP1R neurons in one part of the hindbrain called the area postrema respond more to aversive stimuli, whereas GLP1R neurons in another area called the nucleus tractus solitarius lean toward nutritive stimuli.

Next, the team separately manipulated the two groups of GLP1R neurons to understand their effects on behavior. They found that activating neurons in the nucleus tractus solitarius triggers satiety, with no aversion behavior; whereas, activating neurons in the area postrema trigger a strong aversion reaction. Importantly, the obesity drugs reduced food intake even when the aversion pathway was inhibited. These surprising findings highlight the population of neurons in the nucleus tractus solitarius as a target for future obesity drugs to reduce food intake without making individuals feel sick.

"Developing experimental obesity drugs that selectively activate this population may promote weight loss while avoiding aversive side effects," said Alhadeff. In fact, say the authors, the concept of separating therapeutic and side effects at the level of neural circuits could, in theory, be applied to any drug with side effects.

In addition to Alhadeff, co-authors are first author Kuei-Pin Huang, Alisha A. Acosta, Misgana Y. Ghidewon, Aaron D. McKnight, Milena S. Almeida, Nathaniel T. Nyema, Nicholas D. Hanchak, Nisha Patel, Yenoukoume S. K. Gbenou, and Kevin A. Bolding, all from Monell, and Alice E. Adriaenssens from University College, London. Alhadeff, Bolding, Ghidewon, and McKnight are also affiliated with the Penn Medicine Department of Neuroscience.

This work was supported by the National Institutes of Health (R00DK119574 and DP2AT011965), the American Heart Association, New York Stem Cell Foundation, Klingenstein Fund and Simons Foundation, Pew Charitable Trusts, National Science Foundation (Grant2236662), the Penn Institute for Diabetes, Obesity, and Metabolism, and the Monell Chemical Senses Center. The confocal microscope used in these studies was purchased with an NIH instrumentation grant (S10OD030354). Alhadeff is a New York Stem Cell Foundation Robertson investigator and a Pew biomedical scholar.
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The molecule that could alleviate stroke-related brain injury | ScienceDaily
A newly developed molecule, LK-2, could inform new therapies for stroke-related brain injury, finds scientists at The Hospital for Sick Children (SickKids).


						
An ischemic stroke occurs when blood flow to a part of the brain is interrupted, depriving the brain cells of oxygen and nutrients. Without timely treatment, brain cells can die, resulting in permanent damage to the brain and its functions. Stroke is one of the leading causes of death and disability worldwide, affecting millions every year.

An international study published in Nature co-led by Dr. Lu-Yang Wang, a Senior Scientist in the Neurosciences & Mental Health program at SickKids, and clinician scientists at the Shanghai Jiao Tong University School of Medicine, has uncovered a molecule that holds the potential to protect neurons during stroke and prevent stroke-related brain damage.

"Our findings provide an entirely new way to think about saving cells while minimizing the adverse neural side effects of conventional stroke therapy," says Wang, who holds a Tier 1 Canada Research Chair in Brain Development and Disorders. "The LK-2 molecule could be the key to unlocking successful therapeutics for stroke patients."

How one neurotransmitter is contributing to stroke-related brain damage

One of the main culprits behind stroke-induced brain damage is a neurotransmitter called glutamate. When the brain is starved of oxygen and sugar, glutamate levels rise dramatically, overstimulating N-methyl-Daspartate receptors (NMDARs) on the membrane of brain cells. This causes a surge of calcium to enter cells, triggering a cascade of events that ultimately leads to cell death.

For decades, researchers have tried to develop drugs that can block NMDARs and prevent the neurotoxicity that comes with elevated levels of glutamate. However, previous drugs targeting NMDARs have been ineffective and failed to move beyond clinical trials because NMDARs play important roles in regular brain functions, such as learning and memory. In addition, blocking NMDARs completely can cause serious side effects, such as psychosis and cognitive impairment.




The team found that glutamate can also bind to and activate a type of acidosis sensor called acid-sensing ion channels (ASICs), which are normally activated by acids. ASICs are present in the membrane of brain cells -- like NMDARs -- and can allow calcium ions to enter the cells when stimulated.

"We have shown that glutamate can supercharge the activity of ASICs, especially under the acidic conditions that occur during stroke," explains Wang. "This means that glutamate is attacking brain cells through both NMDARs and ASICs -- something we did not know before now."

A new way to block excess glutamate

By identifying the specific site in ASICs where glutamate binds, the team was able to develop a new molecule, called LK-2, that can selectively block the glutamate binding site in ASICs, but leave NMDARs intact.

In preclinical models, the team found that LK-2 effectively prevented glutamate from overstimulating ASICs to reduce the flow calcium and cell death. Furthermore, LK-2 did not affect NMDARs or other regular neural transmissions, which suggests its potential as the next generation of stroke therapeutics.

"Our research has revealed a new way to protect the brain from glutamate toxicity without interfering with NMDARs," Wang says.

Wang's research will continue to explore the function and mechanisms of LK-2, in the hopes of developing future clinical trials.

The research team wants to thank Dr. Julie Forman-Kay, a Senior Scientist and Program Head of the Molecular Medicine program, and Dr. Iva Pritisanac, a postdoctoral fellow in Forman-Kay's lab, who assisted Wang in locating the binding sites for glutamate on ASICs.

This research is funded at SickKids by the Canadian Institutes of Health Research (CIHR), the Natural Sciences and Engineering Research Council of Canada (NSERC) and Canada Research Chair Program. For a full list of funders, access the paper in Nature.
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Scientists discover a cause of lupus and a possible way to reverse it | ScienceDaily
Northwestern Medicine and Brigham and Women's Hospital scientists have discovered a molecular defect that promotes the pathologic immune response in systemic lupus erythematosus (known as lupus) and show that reversing this defect may potentially reverse the disease.


						
Lupus affects more than 1.5 million people in the U.S. Until this new study, the causes of this disease were unclear. Lupus can result in life-threatening damage to multiple organs including the kidneys, brain and heart. Existing treatments often fail to control the disease, the study authors said, and have unintended side effects of reducing the immune system's ability to fight infections.

"Up until this point, all therapy for lupus is a blunt instrument. It's broad immunosuppression," said co-corresponding author Dr. Jaehyuk Choi, associate professor of dermatology at Northwestern University Feinberg School of Medicine and a Northwestern Medicine dermatologist. "By identifying a cause for this disease, we have found a potential cure that will not have the side effects of current therapies."

"We've identified a fundamental imbalance in the immune responses that patients with lupus make, and we've defined specific mediators that can correct this imbalance to dampen the pathologic autoimmune response," said co-corresponding author Dr. Deepak Rao, an assistant professor of medicine at Harvard Medical School and a rheumatologist at Brigham and Women's Hospital and co-director of its Center for Cellular Profiling.

In a study to be published in Nature on July 10, the scientists report a new pathway that drives disease in lupus. There are disease-associated changes in multiple molecules in the blood of patients with lupus. Ultimately, these changes lead to insufficient activation of a pathway controlled by the aryl hydrocarbon receptor (AHR), which regulates cells' response to environmental pollutants, bacteria or metabolites. Insufficient activation of AHR results in too many disease-promoting immune cells, called the T peripheral helper cells, that promote the production of disease-causing autoantibodies.

To show this discovery can be leveraged for treatments, the investigators returned the aryl hydrocarbon receptor-activating molecules to blood samples from lupus patients. This seemed to reprogram these lupus-causing cells into a cell called a Th22 cell that may promote wound healing from the damage caused by this autoimmune disease.

"We found that if we either activate the AHR pathway with small molecule activators or limit the pathologically excessive interferon in the blood, we can reduce the number of these disease-causing cells," said Choi, also the Jack W. Graffin Professor at Feinberg. "If these effects are durable, this may be a potential cure."

Choi, Rao and colleagues next want to expand their efforts into developing novel treatments for lupus patients. They are now working to find ways to deliver these molecules safely and effectively to people.




Other Northwestern authors are first author Calvin Law, Arundhati Pillai, Brandon Hancock and Dr. Judd Hultquist. Brigham and Women's Hospital authors include Vanessa Sue Wacleche, Ye Cao, John Sowerby, Alice Horisberger, Sabrina Bracero, Ifeoluwakiisi Adejoorin, Eilish Dillon, Daimon Simmons, Elena Massarotti, Karen Costenbader, Michael Brenner and James Lederer.

The title of the article is "Interferon subverts an AHR-JUN axis to promote CXCL13+ T cells in lupus."
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Big gain in battle against harmful bacteria | ScienceDaily
An unexpected find has enabled important progress to be made in the battle against harmful bacteria.


						
An international team of researchers, led by Professor Peter Fineran from the University of Otago, investigated a particular protein used by bacteria-infecting viruses, known as phages.

Research into this microscopic arms race between bacteria and phages is important as it can lead to alternatives to antibiotics.

Published in the journal Nature, the study analysed a protein phages use when deploying anti-CRISPR, their method of blocking the CRISPR-Cas immune system of bacteria.

Lead author Dr Nils Birkholz, of Otago's Department of Microbiology and Immunology, says understanding how phages interact with bacteria is an important step on the path to using phages against bacterial pathogens in human health or agriculture.

"Specifically, we need to know about the defence mechanisms, such as CRISPR, that bacteria use to protect themselves against phage infection, not unlike how we use our body's immune system against viruses, and how phages can counteract these defences.

"For example, if we know how phages kill a specific bacterium, this helps identify appropriate phages to use as antimicrobials. More specifically, it is important to understand how phages control their counter-defence arsenal, including anti-CRISPR, upon infection -- we must understand how phages regulate the expression of genes that are useful in their battle against bacteria," he says.




The research revealed just how carefully phages need to deploy their anti-CRISPRs.

"We already knew that a particular phage protein has a part, or domain, that is very common in many proteins involved in gene regulation; this helix-turn-helix (HTH) domain is known to be able to bind DNA sequences specifically, and depending on the context, can turn a gene on or off.

"What we found is the HTH domain of this protein is much more versatile and exhibits a regulatory mode which was previously unknown. It can use this domain to not only bind DNA, but also its RNA transcript, the molecule which acts as a mediator between the DNA sequence and the anti-CRISPR encoded in it.

"Because this protein is involved in regulating the production of an anti-CRISPR, it means this regulation has additional layers- it happens not only through the DNA binding mechanism, but also through the new mechanism we discovered of binding the messenger RNA."

Professor Fineran says the finding could have big implications for the understanding of gene regulation.

"Unravelling this unexpectedly complex regulation is important progress when it comes to understanding how phages can evade CRISPR-Cas defences and kill target bacteria in a range of applications.

"The discovery is particularly exciting for the scientific community because it shows a novel regulatory mechanism in a well-studied family of proteins.

"HTH domains have been thoroughly investigated since they were discovered in the early 1980s, so we initially thought our protein would act just like any other protein with an HTH domain -- we were very surprised when we uncovered this new mode of action.

"This finding has the potential to change the way the field views the function and mechanism of this critical and widespread protein domain, and could have big implications for our understanding of gene regulation," he says.
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When there's money to lose, phone usage while driving drops | ScienceDaily
To make someone put their phone down while driving, show them the money -- with a catch, according to new research published in JAMA Open. When a group of auto insurance customers were tempted with a cash incentive -- and regular feedback letting the driver know how they were doing compared to other drivers trying to reduce their phone time -- handheld phone use dropped significantly, a team at the Perelman School of Medicine at the University of Pennsylvania found.


						
The researchers examined several different strategies informed by behavior science to curb distracted driving in a seven-week trial. One strategy paired weekly feedback on phone use with a cash incentive of up to $50 at the end of the study if the drivers used their phones less than others. That approach yielded a 15 percent decrease in handheld phone usage compared to drivers given no incentive or feedback. However, when drivers were told that they would receive the same amount of money paid out in weekly installments, but lose it if they engaged in handheld phone usage while driving, phone use decreased by 21 percent.

"In the United States, there are over 800,000 crashes per year due to distracted driving, with cell phone use while driving being a leading cause. This occurs despite numerous laws banning handheld phone use, suggesting additional scalable interventions are needed," said lead author M. Kit Delgado, MD, MS, faculty director of Penn Medicine's Nudge Unit and an associate professor of Emergency Medicine and Epidemiology. "We were able to use the power of humans' natural aversion to loss and regret, as well as our desire to fit in to social norms, to achieve some significant results."

Insurance companies saw a 30 percent climb in distracted driving-related crashes between 2011 and 2020, largely tied to cell phone usage. Twenty-eight states have passed bans of handheld phone usage while driving, with Pennsylvania the latest state to enact a law, , which takes effect mid-2025.

The practice of incentivizing drivers' behaviors is rising. Auto insurance companies are increasing "usage-based insurance (UBI)" where customers agree to download smartphone apps to monitor driving performance and cell phone usage. The data is then used to adjust rates for individual drivers, with safer drivers being offered discounts on future insurance policies.

For the study, Penn Medicine researchers worked with researchers at Progressive Insurance(r), which invited customers participating in their own UBI program to participate, enrolling over 2,000 participants in the study.

With deidentified data, Penn Medicine's researchers determined that a group of drivers who were told (and updated weekly) that they could lose up to $7.15 a week were the ones who used their phones least compared to the control group of drivers that had no incentives or feedback. Interestingly, doubling the incentive to $14.29 per week didn't lead to a greater reduction in phone use, though there was a significant decline. There were also notable results among drivers who received feedback and were offered the $50 incentive at the end of the test period.




Drivers offered the delayed $50 incentive at the end of the intervention but received no weekly feedback and no incremental loss for weekly performance did not achieve significant results.

The reason why feedback and loss-framed payments appeared to be so critical, Delgado believes, is innately human.

"People tend to think they are better drivers than others," he said. "Providing objective data on how they compare to others is a proven way to motivate people toward a social norm. Also, prior studies have shown that those who engage in handheld phone use tend to have 'present bias' and place stronger weight on payoffs that are closer to the present time."

When broken down into time, the top achieving intervention -- the $7.15-per-week group -- lowered their phone usage by an average of 56 seconds per hour down from a baseline of 216 seconds per hour. When taking one's eyes off the road for 5 seconds increases the risk of crash ninefold, at scale, these interventions could reduce distracted driving by millions of hours per year.

This work continues research performed by Delgado into distracted driving dating back to 2016 (which led to a 2018 paper) and continues with further nudge data analysis. Future research includes testing interventions leveraging smartphone usage data that could help high-risk drivers build lasting habits.

"This line of work is promising because insurance companies already spend billions of dollars per year offering incentives for safe driving behaviors," said Delgado. "Rigorously testing strategies these companies can use to engage customers to be safer can help reduce crashes, save lives, and save money, and, importantly, be sustained through a strong business case."
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Molecular atlas of blood vessel pathways in the human brain, across early brain development, adulthood and disease | ScienceDaily
An international consortium of researchers led by University Health Network (UHN) in Toronto and University of Zurich have built the first-ever molecular atlas of the human brain vasculature at single-cell resolution, spanning from early development to adulthood and through disease stages such as brain tumours and brain vascular malformations.


						
The international consortium includes research teams from UHN's Krembil Brain Institute, Donald K. Johnson Eye Institute, Toronto General Hospital Research Institute and Princess Margaret Cancer Centre, the University of Toronto's Donnelly Centre, Mount Sinai Hospital's Lunenfeld-Tanenbaum Research Institute, University of Zurich, University Hospital Zurich, ETH Zurich, University of Geneva, University Hospital Geneva, as well as collaborators at Weill Cornell Medicine and Memorial Sloan Kettering Cancer Center, in New York.

In this study, researchers isolated blood vessels from human early developing brains, adult brains, brain tumours and brain vascular malformations. They found that endothelial cells, which line the blood vessels and regulate interactions between the bloodstream and surrounding tissues, behave differently across various stages of brain development, and may have a more important role than previously understood within the brain's neurovascular signaling networks.

This novel research is published today in Nature.

"The brain's vasculature, or blood vessel cells, genes, and pathways, is important for the proper functioning of the healthy early developing and adult brain, as well as for a variety of brain diseases, such as brain tumours, stroke and brain vascular malformations," says Dr. Thomas Walchli, corresonding author of the study and a scientific associate at UHN's Krembil Brain Institute, a consultant neurosurgeon at University College London (UCL)'s Victor Horsley Department of Neurosurgery, and an Associate Professor/Principal Clinical Research Fellow at the UCL Cancer Institute. "By understanding how these pathways grow and behave during early brain development, how they are silenced in the adult healthy brain, and how they get reactivated in disease, it will provide more insight into the normal functioning of the human brain vasculature and open doors to future therapeutic options."

"UHN's Krembil Brain Institute is a high-volume neurosurgical centre, which provided unparalleled access to a clinically diverse patient population. We were able to perform single-cell RNA sequencing of more than 600,000 isolated endothelial, perivascular and other tissue-derived cells from 117 samples, at an unprecedented resolution, giving us an extraordinary look into the inner workings of the brain's vasculature," says Dr. Ivan Radovanovic, staff neurosurgeon and Senior Scientist at UHN's Krembil Brain Institute, Associate Professor at University of Toronto's Temerty Faculty of Medicine, and co-author of the paper.

"This provides a very large data set that will be an important resource for researchers across the world. By uncovering key differences between healthy and diseased brain vasculature, our work can help identify vulnerabilities of abnormal brain vessels that can be utilized to treat both brain tumours and brain vascular malformations."

Noted in the team's findings: 
    	Researchers found that the vasculature in an adult healthy brain stops growing almost completely over time, but a brain tumour or a brain vascular malformation can reactivate blood vessel growth in the brain tissue, similar to the blood vessel growth in an early developing brain. This finding has never been described before.

    	The research team also showed for the first time how the human brain vasculature differs from the vasculature of organs outside the brain, both during early brain development and in adulthood -- and when disease arises, the brain vasculature becomes more like that of a peripheral organ.

    	In disease, the typical features of the human brain vasculature are partially altered. One example is the endothelial cells of the blood-brain barrier, which act as the brain's 'filter' and gatekeeper for substances, toxins and drugs. Endothelial cells can also affect interactions with the body's immune system. When disease occurs, these cells help to upregulate immune-specific properties, meaning that endothelial cells can evolve into 'antigen-presenting cells,' triggering an immune response.




"It will take many years, but if we can identify what is happening in an early developing brain and how those blood vessel networks grow over time, how they develop into arteries, capillaries, and veins, and interact with the immune system, we can better understand the growth patterns of the tumour vasculature," says Dr. Walchli.

"Both the early developing brain, and brain tumours and brain vascular malformations, feature blood vessel growth and immunosuppression which allow for undisturbed tissue growth. If we can dampen or inhibit the growth of the blood vessels and at the same time boost the immune system, that has a potential application to therapy."

The hope is that if clinicians can one day combine these therapies targeting the vasculature with immunotherapies, they may be able to inhibit vascular growth and prolong patients' survival.

"If we can detect the specific features in the brain vasculature that are shared between early developing brains and brain tumours (but are not present in the healthy normal brain), we could monitor the brain's vasculature for growth patterns and be able to detect and treat disease at an earlier stage, improving patient outcomes," says Dr. Walchli.

This research aims to build on the momentum in the field of brain vascular biology, over the past several years.

"Our work will benefit scientists across disciplines, from developmental, vascular, computational and tumour biologists to neuroscientists, immunologists and single-cell geneticists," adds Dr. Walchli. "The possibilities are endless."
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Strong evidence for intermediate-mass black hole in Omega Centauri | ScienceDaily
Most known black holes are either extremely massive, like the supermassive black holes that lie at the cores of large galaxies, or relatively lightweight, with a mass of under 100 times that of the Sun. Intermediate-mass black holes (IMBHs) are scarce, however, and are considered rare "missing links" in black hole evolution.


						
Now, an international team of astronomers has used more than 500 images from NASA's Hubble Space Telescope -- spanning two decades of observations -- to search for evidence of an intermediate-mass black hole by following the motion of seven fast-moving stars in the innermost region of the globular star cluster Omega Centauri.

These stars provide new compelling evidence for the presence of the gravitational pull from an intermediate-mass black hole tugging on them. Only a few other IMBH candidates have been found to date.

Omega Centauri consists of roughly 10 million stars that are gravitationally bound. The cluster is about 10 times as massive as other big globular clusters -- almost as massive as a small galaxy.

Among the many questions scientists want to answer: Are there any IMBHs, and if so, how common are they? Does a supermassive black hole grow from an IMBH? How do IMBHs themselves form? Are dense star clusters their favored home?

The astronomers have now created an enormous catalog for the motions of these stars, measuring the velocities for 1.4 million stars gleaned from the Hubble images of the cluster. Most of these observations were intended to calibrate Hubble's instruments rather than for scientific use, but they turned out to be an ideal database for the team's research efforts.

"We discovered seven stars that should not be there," explained Maximilian Haberle of the Max Planck Institute for Astronomy in Germany, who led this investigation. "They are moving so fast that they would escape the cluster and never come back. The most likely explanation is that a very massive object is gravitationally pulling on these stars and keeping them close to the center. The only object that can be so massive is a black hole, with a mass at least 8,200 times that of our Sun."

Several studies have suggested the presence of an IMBH in Omega Centauri. However, other studies proposed the mass could be contributed by a central cluster of stellar-mass black holes, and had suggested the lack of fast-moving stars above the necessary escape velocity made an IMBH less likely in comparison.




"This discovery is the most direct evidence so far of an IMBH in Omega Centauri," added team lead Nadine Neumayer of the Max Planck Institute for Astronomy in Germany, who initiated the study, together with Anil Seth from the University of Utah, Salt Lake City. "This is exciting because there are only very few other black holes known with a similar mass. The black hole in Omega Centauri may be the best example of an IMBH in our cosmic neighborhood."

If confirmed, at a distance of 17,700 light-years the candidate black hole resides closer to Earth than the 4.3-million-solar-mass black hole in the center of the Milky Way, located 26,000 light-years away.

Omega Centauri is visible from Earth with the naked eye and is one of the favorite celestial objects for stargazers living in the southern hemisphere. Located just above the plane of the Milky Way, the cluster appears almost as large as the full Moon when seen from a dark rural area. It was first listed in Ptolemy's catalog nearly 2,000 years ago as a single star. Edmond Halley reported it as a nebula in 1677. In the 1830s the English astronomer John Herschel was the first to recognize it as a globular cluster.
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        Dark matter in dwarf galaxy tracked using stellar motions
        The qualities and behavior of dark matter, the invisible 'glue' of the universe, continue to be shrouded in mystery. Though galaxies are mostly made of dark matter, understanding how it is distributed within a galaxy offers clues to what this substance is, and how it's relevant to a galaxy's evolution.

      

      
        First ever 3D reconstruction of 52,000-year-old woolly mammoth chromosomes thanks to serendipitously freeze-dried skin
        An international research team has assembled the genome and 3D chromosomal structures of a 52,000-year-old woolly mammoth -- the first time such a feat has been achieved for any ancient DNA sample. The fossilized chromosomes, which are around a million times longer than most ancient DNA fragments, provide insight into how the mammoth's genome was organized within its living cells and which genes were active within the skin tissue from which the DNA was extracted. This unprecedented level of struc...

      

      
        Creativity starts in the cradle, new research shows
        New research indicates that babies can begin grasping complex language and ideas.

      

      
        A new species of extinct crocodile relative rewrites life on the Triassic coastline
        The surprising discovery of a new species of extinct crocodile relative from the Triassic Favret Formation of Nevada, USA, rewrites the story of life along the coasts during the first act of the Age of Dinosaurs. The new species Benggwigwishingasuchus eremicarminis reveals that while giant ichthyosaurs ruled the oceans, the ancient crocodile kin known as pseudosuchian archosaurs ruled the shores across the Middle Triassic globe between 247.2 and 237 million years ago.

      

      
        Combination treatment can increase human insulin-producing cells in vivo
        In preclinical studies, a team of researchers report new findings on a therapeutic combination that regenerated human insulin-producing beta cells, providing a possible new treatment for diabetes.

      

      
        Lion with nine lives breaks record with longest swim in predator-infested waters
        A record-breaking swim by two lion brothers across a predator-infested African river has been documented in a new study. The researchers say the 1km swim is another example of iconic wildlife species having to make tough decisions to find homes and mates in a human-dominated world.

      

      
        Mars likely had cold and icy past, new study finds
        The question of whether Mars ever supported life has captivated the imagination of scientists and the public for decades. Central to the discovery is gaining insight into the past climate of Earth's neighbor: was the planet warm and wet, with seas and rivers much like those found on our own planet? Or was it frigid and icy, and therefore potentially less prone to supporting life as we know it? A new study finds evidence to support the latter by identifying similarities between soils found on Mars...

      

      
        Prime editing efficiently corrects cystic fibrosis mutation in human lung cells
        Cystic fibrosis is one of the most common genetic disorders, causing thick mucus build-up in the lungs and other parts of the body, breathing problems, and infection. Now, researchers have developed a gene-editing approach that efficiently corrects the most common mutation that causes cystic fibrosis, found in 85 percent of patients. With further development, it could pave the way for treatments that are administered only once and have fewer side effects. The new method precisely and durably corr...

      

      
        A new twist on artificial 'muscles' for safer, softer robots
        Engineers have developed a new soft, flexible device that makes robots move by expanding and contracting -- just like a human muscle. To demonstrate their new device, called an actuator, the researchers used it to create a cylindrical, worm-like soft robot and an artificial bicep. In experiments, the cylindrical soft robot navigated the tight, hairpin curves of a narrow pipe-like environment, and the bicep was able to lift a 500-gram weight 5,000 times in a row without failing.

      

      
        Research reveals the most complete dinosaur discovered in the UK in a century
        The most complete dinosaur discovered in the UK in the last 100 years, with a pubic hip bone the size of a 'dinner plate', has been described in a new article.

      

      
        A breakthrough on the edge: One step closer to topological quantum computing
        Researchers have achieved a significant breakthrough in quantum materials, potentially setting the stage for advancements in topological superconductivity and robust quantum computing.

      

      
        The origins of dark comets
        Up to 60% of near-Earth objects could be dark comets, mysterious asteroids that orbit the sun in our solar system that likely contain or previously contained ice and could have been one route for delivering water to Earth, according to a new study.

      

      
        The Gulf Stream is wind-powered and could weaken from climate change
        New evidence of changes to the Gulf Stream during the last ice age could indicate additional sensitivity to future climatic changes, finds a new study.

      

      
        The molecule that could alleviate stroke-related brain injury
        New research identifies novel path to protecting the brain from stroke-induced damage.

      

      
        Scientists discover a cause of lupus and a possible way to reverse it
        Scientists have discovered a molecular defect that promotes the pathologic immune response in systemic lupus erythematosus (known as lupus) and show that reversing this defect may potentially reverse the disease.

      

      
        Big gain in battle against harmful bacteria
        An unexpected find has enabled important progress to be made in the battle against harmful bacteria.

      

      
        Molecular atlas of blood vessel pathways in the human brain, across early brain development, adulthood and disease
        Researchers have built the first-ever molecular atlas of the human brain vasculature at single-cell resolution, spanning from early development to adulthood and through disease stages such as brain tumors and brain vascular malformations.

      

      
        Strong evidence for intermediate-mass black hole in Omega Centauri
        Most known black holes are either extremely massive, like the supermassive black holes that lie at the cores of large galaxies, or relatively lightweight, with a mass of under 100 times that of the Sun. Intermediate-mass black holes (IMBHs) are scarce, however, and are considered rare 'missing links' in black hole evolution.

      

      
        Archaeologists report earliest evidence for plant farming in east Africa
        A trove of ancient plant remains excavated in Kenya helps explain the history of plant farming in equatorial eastern Africa, a region long thought to be important for early farming but where scant evidence from actual physical crops has been previously uncovered.

      

      
        Found with Webb: A potentially habitable icy world
        A international team of astronomers has made an exciting discovery about the temperate exoplanet LHS 1140 b: it could be a promising 'super-Earth' covered in ice or water.

      

      
        Building materials for water-rich planets in the early solar system
        Age data for certain classes of meteorite have made it possible to gain new findings on the origin of small water-rich astronomical bodies in the early solar system. These planetesimals continually supplied building materials for planets -- also for the Earth, whose original material contained little water. The Earth received its actual water through planetesimals, which emerged at low temperatures in the outer solar system, as shown by computational models carried out by an international researc...

      

      
        First local extinction in the US due to sea level rise, study suggests
        The United States has lost its only stand of the massive Key Largo tree cactus in what researchers believe is the first local extinction of a species caused by sea level rise in the country.

      

      
        Groundbreaking study reveals oceanic seabirds chase tropical cyclones
        A new study reveals that the rare Desertas Petrels (Pterodroma deserta), a wide-ranging seabird in the North Atlantic, exhibit unique foraging behaviors during hurricane season. Contrary to other pelagic seabirds, these petrels do not avoid intense tropical cyclones but instead exploit the dynamic conditions for their benefit, providing new insights into the impact of cyclones on open ocean marine life.

      

      
        Ancient large kangaroo moved mainly on four legs, according to new research
        A type of extinct kangaroo that lived during the Pleistocene around two and a half million to ten thousand years ago, known as the 'giant wallaby', was a poor hopper, a study has found.

      

      
        Run screaming or slow retreat? New study advances understanding of brain responses to emotionally-charged scenes
        The ability to recognize and respond to emotionally-charged situations is essential to a species' evolutionary success. A new study advances our understanding of how the brain responds to emotionally charged objects and scenes.

      

      
        Brain neurotransmitter receptor antagonist found to prevent opioid addiction in mice
        New research has found a drug that treats insomnia works to prevent the addictive effects of the morphine opioids in mice while still providing effective pain relief.

      

      
        Key electronic device developed for the massive arrival of 6G networks
        Researchers were involved in the development of a switch, an essential device in telecommunications, capable of operating at very high frequency with lower power consumption than conventional technologies. The technology has applications in the new 6G mass communication systems and is more sustainable in terms of energy consumption than current devices.

      

      
        Life underground suited newly discovered dinosaur fine
        A newly discovered ancestor of Thescelosaurus shows evidence that these animals spent at least part of their time in underground burrows. The new species contributes to a fuller understanding of life during the mid-Cretaceous -- both above and below ground.

      

      
        Brain-imaging study reveals curiosity as it emerges
        You look up into the clear blue sky and see something you can't quite identify. Is it a balloon? A plane? A UFO? You're curious, right? A research team has for the first time witnessed what is happening in the human brain when feelings of curiosity like this arise. The scientists revealed brain areas that appear to assess the degree of uncertainty in visually ambiguous situations, giving rise to subjective feelings of curiosity.

      

      
        Stench of a gas giant? Nearby exoplanet reeks of rotten eggs, and that's a good thing
        An exoplanet infamous for its deadly weather has been hiding another bizarre feature -- it reeks of rotten eggs, according to a new study of data from the James Webb Space Telescope.

      

      
        New extremely fast carbon storage technology
        A new way to store carbon captured from the atmosphere works much faster than current methods without the harmful chemical accelerants they require.

      

      
        Weaker ocean circulation could enhance carbon dioxide buildup in the atmosphere, study finds
        Scientists may have to rethink the relationship between the ocean's circulation and its long-term capacity to store carbon, new research suggests. As the ocean gets weaker, it could release more carbon from the deep ocean into the atmosphere -- rather than less, as some have predicted.

      

      
        Brain size riddle solved as humans exceed evolution trend
        The largest animals do not have proportionally bigger brains -- with humans bucking this trend -- a new study has revealed.

      

      
        Fresh wind blows from historical supernova
        A mysterious remnant from a rare type of supernova recorded in 1181 has been explained for the first time. Two white dwarf stars collided, creating a temporary 'guest star,' now labeled supernova (SN) 1181, which was recorded in historical documents in Japan and elsewhere in Asia. However, after the star dimmed, its location and structure remained a mystery until a team pinpointed its location in 2021. Now, through computer modeling and observational analysis, researchers have recreated the struc...

      

      
        Scientists discover new T cells and genes related to immune disorders
        Researchers have discovered several rare types of helper T cells that are associated with immune disorders such as multiple sclerosis, rheumatoid arthritis, and even asthma. The discoveries were made possible by a newly developed technology they call ReapTEC. The new T cell atlas is publicly available and should help in the development of new drug therapies for immune-mediated diseases.

      

      
        The dawn of the Antarctic ice sheets
        In recent years global warming has left its mark on the Antarctic ice sheets. The 'eternal' ice in Antarctica is melting faster than previously assumed, particularly in West Antarctica more than East Antarctica. The root for this could lie in its formation, as an international research team has now discovered: sediment samples from drill cores combined with complex climate and ice-sheet modelling show that permanent glaciation of Antarctica began around 34 million years ago -- but did not encompa...
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Dark matter in dwarf galaxy tracked using stellar motions | ScienceDaily
The qualities and behavior of dark matter, the invisible "glue" of the universe, continue to be shrouded in mystery. Though galaxies are mostly made of dark matter, understanding how it is distributed within a galaxy offers clues to what this substance is, and how it's relevant to a galaxy's evolution.


						
While computer simulations suggest dark matter should pile up in a galaxy's center, called a density cusp, many previous telescopic observations have indicated that it is instead more evenly dispersed throughout a galaxy. The reason for this tension between model and observation continues to puzzle astronomers, reinforcing the mystery of dark matter.

A team of astronomers has turned toward NASA's Hubble Space Telescope to try and clarify this debate by measuring the dynamic motions of stars within the Draco dwarf galaxy, a system located roughly 250,000 light-years from Earth. Using observations that spanned 18 years, they succeeded in building the most accurate three-dimensional understanding of stars' movements within the diminutive galaxy. This required scouring nearly two decades of Hubble archival observations of the Draco galaxy.

"Our models tend to agree more with a cusp-like structure, which aligns with cosmological models," said Eduardo Vitral of the Space Telescope Science Institute (STScI) in Baltimore and lead author of the study. "While we cannot definitively say all galaxies contain a cusp-like dark matter distribution, it's exciting to have such well measured data that surpasses anything we've had before."

Charting the Movements of Stars

To learn about dark matter within a galaxy, scientists can look to its stars and their movements that are dominated by the pull of dark matter. A common approach to measure the speed of objects moving in space is by the Doppler Effect -- an observed change of the wavelength of light if a star is approaching or receding from Earth. Although this line-of-sight velocity can provide valuable insight, only so much can be gleaned from this one-dimensional source of information.

Besides moving closer or further away from us, stars also move across the sky, measured as their proper motion. By combining line-of-sight velocity with proper motions, the team created an unprecedented analysis of the stars' 3D movements.




"Improvements in data and improvements in modeling usually go hand in hand," explained Roeland van der Marel of STScI, a co-author of the paper who initiated the study more than 10 years ago. "If you don't have very sophisticated data or only one-dimensional data, then relatively straightforward models can often fit. The more dimensions and complexity of data you gather, the more complex your models need to be to truly capture all the subtleties of the data."

A Scientific Marathon (Not a Sprint)

Since dwarf galaxies are known to have a higher proportion of dark matter content than other types of galaxies, the team honed in on the Draco dwarf galaxy, which is a relatively small and spheroidal nearby satellite of the Milky Way galaxy.

"When measuring proper motions, you note the position of a star at one epoch and then many years later measure the position of that same star. You measure the displacement to determine how much it moved," explained Sangmo Tony Sohn of STScI, another co-author of the paper and the principal investigator of the latest observational program. "For this kind of observation, the longer you wait, the better you can measure the stars shifting."

The team analyzed a series of epochs spanning from 2004 to 2022, an extensive baseline that only Hubble could offer, due to the combination of its sharp stable vision and record time in operation. The telescope's rich data archive helped decrease the level of uncertainty in the measurement of the stars' proper motions. The precision is equivalent to measuring an annual shift a little less than the width of a golf ball as seen on the Moon from Earth.

With three dimensions of data, the team reduced the amount of assumptions applied in previous studies and considered characteristics specific to the galaxy -- such as its rotation, and distribution of its stars and dark matter -- in their own modeling efforts.




An Exciting Future

The methodologies and models developed for the Draco dwarf galaxy can be applied to other galaxies in the future. The team is already analyzing Hubble observations of the Sculptor dwarf galaxy and the Ursa Minor dwarf galaxy.

Studying dark matter requires observing different galactic environments, and also entails collaboration across different space telescope missions. For example, NASA's upcoming Nancy Grace Roman Space Telescope will help reveal new details of dark matter's properties among different galaxies thanks to its ability to survey large swaths of the sky.

"This kind of study is a long-term investment and requires a lot of patience," reflected Vitral. "We're able to do this science because of all the planning that was done throughout the years to actually gather these data. The insights we've collected are the result of a larger group of researchers that has been working on these things for many years."

These results are accepted for publication in The Astrophysical Journal.

The Hubble Space Telescope has been operating for over three decades and continues to make ground-breaking discoveries that shape our fundamental understanding of the universe. Hubble is a project of international cooperation between NASA and ESA (European Space Agency). NASA's Goddard Space Flight Center in Greenbelt, Maryland, manages the telescope and mission operations. Lockheed Martin Space, based in Denver, Colorado, also supports mission operations at Goddard. The Space Telescope Science Institute (STScI) in Baltimore, Maryland, which is operated by the Association of Universities for Research in Astronomy, conducts Hubble science operations for NASA.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240711111354.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



First ever 3D reconstruction of 52,000-year-old woolly mammoth chromosomes thanks to serendipitously freeze-dried skin | ScienceDaily
An international research team has assembled the genome and 3D chromosomal structures of a 52,000-year-old woolly mammoth -- the first time such a feat has been achieved for any ancient DNA sample. The fossilized chromosomes, which are around a million times longer than most ancient DNA fragments, provide insight into how the mammoth's genome was organized within its living cells and which genes were active within the skin tissue from which the DNA was extracted. This unprecedented level of structural detail was retained because the mammoth underwent freeze-drying shortly after it died, which meant that its DNA was preserved in a glass-like state. The results are presented July 11 in the journal Cell.


						
"This is a new type of fossil, and its scale dwarfs that of individual ancient DNA fragments -- a million times more sequence," says corresponding author Erez Lieberman Aiden, Director of the Center for Genome Architecture at Baylor College of Medicine. "It is also the first time a karyotype of any sort has been determined for an ancient sample."

Knowing the three-dimensional architecture of a genome provides a lot of additional information beyond its sequence, but most ancient DNA specimens consist of very small, scrambled DNA fragments. Building off work mapping the 3D structure of the human genome, Aiden thought that if the right ancient DNA sample could be found -- one with the 3D organization of the fragments still intact -- it would be possible to use the same strategies to assemble ancient genomes.

The researchers tested dozens of samples over the course of five years before landing on an unusually well-preserved woolly mammoth that was excavated in northeastern Siberia in 2018. "We think it spontaneously freeze-dried shortly after its death," says corresponding author Olga Dudchenko of the Center for Genome Architecture at Baylor College of Medicine. "The nuclear architecture in a dehydrated sample can survive for an incredibly long period of time."

To reconstruct the mammoth's genomic architecture, the researchers extracted DNA from a skin sample taken behind the mammoth's ear. They used a method called Hi-C that allows them to detect which sections of DNA are likely to be in close spatial proximity and interact with each other in their natural state in the nucleus.

"Imagine you have a puzzle that has three billion pieces, but you don't have the picture of the final puzzle to work from," says corresponding author Marc A. Marti-Renom, an ICREA research professor and structural genomicist at the Centre Nacional d'Analisi Genomica (CNAG) and the Centre for Genomic Regulation (CRG) in Barcelona. "Hi-C allows you to have an approximation of that picture before you start putting the puzzle pieces together."

Then, they combined the physical information from the Hi-C analysis with DNA sequencing to identify the interacting DNA sections and create an ordered map of the mammoth's genome, using the genomes of present-day elephants as a template. The analysis revealed that woolly mammoths had 28 chromosomes -- the same number as present-day Asian and African elephants. Remarkably, the fossilized mammoth chromosomes also retained a huge amount of physical integrity and detail, including the nanoscale loops that bring transcription factors in contact with the genes they control.




By examining the compartmentalization of genes within the nucleus, the researchers were able to identify genes that were active and inactive within the mammoth's skin cells -- a proxy for epigenetics or transcriptomics. The mammoth skin cells had distinct gene activation patterns compared to the skin cells of its closest relative, the Asian elephant, including for genes potentially related to its woolly-ness and cold tolerance.

"For the first time, we have a woolly mammoth tissue for which we know roughly which genes were switched on and which genes were off," says Marti-Renom. "This is an extraordinary new type of data, and it's the first measure of cell-specific gene activity of the genes in any ancient DNA sample."

Although the method used in this study hinges on unusually well-preserved fossils, the researchers are optimistic that it could be used to study other ancient DNA specimens -- from mammoths to Egyptian mummies -- as well as more recently preserved museum specimens.

For mammoths, the next steps would include examining the epigenetic patterns of other tissues. "These results have obvious consequences for contemporary efforts aimed at woolly mammoth de-extinction," says corresponding author M. Thomas Gilbert, a paleo-genomicist at the University of Copenhagen and the Norwegian University of Science and Technology.
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Creativity starts in the cradle, new research shows | ScienceDaily
Infants less than a year old can combine simple concepts into complex ideas, showing that creativity begins in babyhood.


						
According to new research at the University of Birmingham, in the UK, and Central European University, in Austria and Hungary, babies are not only capable of creative thinking well before starting to speak, but this sort of thinking may be essential for language acquisition.

In the study, published in PNAS, the researchers set out to explore the origins of human creativity and productive thinking to try to find out how people arrive at completely new thoughts and ideas. The basic mechanism for doing this is taking familiar concepts and combining them into new structures, but little is known about how early in life these abilities can be used.

The researchers found that babies were able to very quickly learn new words that describe small quantities -- an impressive achievement -- and combine these spontaneously with familiar words to fully understand a phrase.

Lead researcher, Dr Barbara Pomiechowska, carried out the research while a postdoctoral fellow at the Central European University (CEU). She is now an assistant professor in the School of Psychology, at the University of Birmingham, in the UK.

Dr Pomiechowska said: "Human creativity has no boundaries: it has taken us to the moon and allowed us to cure deadly diseases -- but despite its importance, we don't yet know when and how this impressive ability to combine ideas and invent new things emerges. This research shows that we must go right back to the beginning of language acquisition to solve this puzzle."

In the study, the researchers worked with a cohort of 60 babies, all around the age of 12 months. They started by teaching the babies two novel words describing quantity: 'mize', to mean 'one', and 'padu', to mean 'two'.

Then the babies were asked to combine these new number words with different object names, for example to identify 'padu ducks' from among a choice of images. By teaching novel words to represent quantities, the researchers were able to test the babies' ability to combine concepts in real time, rather than simply recall combinations of words that they already knew from previous experience.

By using eye-tracking technology to monitor where the babies look, the researchers were able to show that the infants could successfully combine the two concepts to understand what they were being asked about.

Dr Agnes Kovacs, from CEU's Department of Cognitive Science and CEU's Cognitive Development Center, added: "For babies, this ability to combine different concepts is likely to help not only to interpret the complex language input, but also to learn about different aspects of the physical and social world. For adults, it's an ability that helps to move past everything that's already been thought of, opening the mind towards endless possibilities."
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A new species of extinct crocodile relative rewrites life on the Triassic coastline | ScienceDaily
The surprising discovery of a new species of extinct crocodile relative from the Triassic Favret Formation of Nevada, USA, rewrites the story of life along the coasts during the first act of the Age of Dinosaurs. Described in a study published in Biology Letters, the new species Benggwigwishingasuchus eremicarminis reveals that while giant ichthyosaurs ruled the oceans, the ancient crocodile kin known as pseudosuchian archosaurs ruled the shores across the Middle Triassic globe between 247.2 and 237 million years ago.


						
"This exciting new species demonstrates that pseudosuchians were occupying coastal habitats on a global basis during the Middle Triassic," said Dr. Nate Smith, lead author of the paper, and Gretchen Augustyn Director and Curator of the Dinosaur Institute at the Natural History Museum of Los Angeles County.

Capturing fossil life from the eastern Panthalassan Ocean of the Triassic, the locality that includes the Favret Formation is known for fossils of sea-going creatures like ammonites along with marine reptiles like the giant ichthyosaur C. youngorum -- finding the newly described B. eremicarminis came as a bit of a shock.

"Our first reaction was: What the hell is this?" said co-author Dr. Nicole Klein of the University of Bonn. "We were expecting to find things like marine reptiles. We couldn't understand how a terrestrial animal could end up so far out in the sea among the ichthyosaurs and ammonites. It wasn't until seeing the nearly completely prepared specimen in person that I was convinced it really was a terrestrial animal."

Pseudosuchian archosaurs have been unearthed in fossil beds from the shores of the ancient Tethys Ocean, but this is the first coastal representative from the Panthalassan Ocean and western hemisphere, revealing that these crocodile relatives were present in coastal environments worldwide during the Middle Triassic. Interestingly, these coastal species aren't all from the same evolutionary group, suggesting that pseudosuchians (and archosauriforms more broadly) were independently adapting to life along the shores.

"Essentially, it looks like you had a bunch of very different archosauriform groups deciding to dip their toes in the water during the Middle Triassic. What's interesting, is that it doesn't look like many of these 'independent experiments' led to broader radiations of semi-aquatic groups," said Smith.

During the Triassic, archosaurs, "the ruling reptiles," arose and split into two groups with two surviving representatives: birds, the descendants of dinosaurs, and crocodilians (alligators, crocodiles, and gharials), the descendants of pseudosuchian archosaurs like B. eremicarminis. While today's crocodilians are similar enough to be mistaken for one another by most people, their ancient relatives varied wildly in size and lifestyle. The evolutionary relationships of B. eremicarminis and its relatives suggest that pseudosuchians achieved great diversity very quickly following the End-Permian mass extinction -- the extent of which is waiting to be discovered in the fossil record.




"A growing number of recent discoveries of Middle Triassic pseudosuchians are hinting that an underappreciated amount of morphological and ecological diversity and experimentation was happening early in the group's history. While a lot of the public's fascination with the Triassic focuses on the origin of dinosaurs, it's really the pseudosuchians that were doing interesting things at the beginning of the Mesozoic," Smith said.

The new species underlines the multiplicity of these ancient reptiles during the Triassic, from giants like Mambawakale ruhuhu to smaller animals like the newly described B. eremicarminis, which probably reached around 5-6 feet in length. Exactly how long B. eremicarminis was and how it survived along the coasts remains shrouded in the past. Only a few elements of the individual's skull were found, and any clues to how it fed and hunted are similarly absent. What's more clear is that B. eremicarminis likely stuck pretty close to the shore. Its well-preserved limbs are well-developed without any of the signs of aquatic living like flippers or altered bone density.

The research team wanted a name that paid respect to the original human inhabitants of the Augusta Mountains where the specimen was found, and so consulted a member of the Fallon Paiute Shoshone Tribe to decide on an appropriate name."Benggwi-Gwishinga," a word that means "catching fish" in Shoshone, was combined with the Greek word for Sobek, the Egyptian crocodile-headed god, to coin the new genus, Benggwigwishingasuchus. The specific epithet eremicarminis translates to "desert song," honoring two supporters of NHMLAC who have a passion for the paleontology and opera of the Southwest. Thus, the full name is meant to translate roughly as "Fisherman Croc's Desert Song."
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Combination treatment can increase human insulin-producing cells in vivo | ScienceDaily
In preclinical studies, a team of researchers from Mount Sinai Health System in New York City and City of Hope in Los Angeles report new findings on a therapeutic combination that regenerated human insulin-producing beta cells, providing a possible new treatment for diabetes. The findings were published today in Science Translational Medicine.


						
This work, led by Andrew F. Stewart, MD, Irene and Dr. Arthur M. Fishberg Professor of Medicine and Director of the Mount Sinai Diabetes, Obesity and Metabolism Institute, began at the Icahn School of Medicine at Mount Sinai in 2015. The studies were a team effort. Adolfo Garcia-Ocana, PhD, formerly a professor at Mount Sinai and who is now at City of Hope, a leading research center for diabetes and one of the largest cancer research and treatment organizations in the United States, and is the Ruth B. and Robert K. Lanman Chair in Gene Regulation and Drug Discovery Research and chair of the Department of Molecular & Cellular Endocrinology, and his research team designed the studies and performed the novel, extensive and detailed animal transplant and drug treatment models using beta cells from donors. Final studies took place at City of Hope in 2023.

For the study, the natural product harmine, which is found in some plants, was combined with a widely used class of type 2 diabetes therapy called GLP1 receptor agonists. Researchers transplanted a small number of human beta cells into mice that had no immune system and that also served as a standard model of type 1 and type 2 diabetes; these mice were treated with the combination therapy and their diabetes was rapidly reversed. Strikingly, human beta cell numbers increased by 700 percent over three months with this drug combination.

"This is the first time scientists have developed a drug treatment that is proven to increase adult human beta cell numbers in vivo. This research brings hope for the use of future regenerative therapies to potentially treat the hundreds of millions of people with diabetes," said Dr. Garcia-Ocana, the paper's corresponding author.

"It has been remarkable to watch this story unfold over the past 15 years," said Dr. Stewart, who, along with Peng Wang, PhD, Professor of Medicine (Endocrinology, Diabetes and Bone Disease) at Icahn Mount Sinai, conceived of and performed the initial high-throughput drug screen that led to the discovery of harmine described in Nature Medicine in 2015. "The steady progression from the most basic human beta cell biology, through robotic drug screening and now moving to human studies, illustrates the essential role for physician-scientists in academia and pharma."

Growing New Beta Cells

More than 10 percent of the world's adult population has diabetes, a disease defined by high blood sugar levels. In both type 1 and type 2 diabetes, a reduction in both the quantity and quality of insulin-producing beta cells causes high blood sugar. Unfortunately, none of the many commonly used diabetes therapies are able to increase human beta cell numbers, and therefore cannot completely reverse diabetes.




Fortunately, most people with diabetes have some residual beta cells, which is what inspired the research team to search for ways to restore their numbers. The team had previously shown that several different inhibitors of an enzyme in beta cells called DYRK1A can induce the proliferation of adult human beta cells in a tissue culture dish for a few days. But prior to this study, no one had shown the ability to expand human beta cells numbers in vivo in human islet grafts used in an animal model over many months.

To accurately measure the mass of human beta cells in the islet grafts, the team turned to Sarah A. Stanley, MBBCh, PhD, Associate Professor of Medicine (Endocrinology, Diabetes and Bone Disease), and Neuroscience, at Icahn Mount Sinai. Using an advanced laser microscopy tool called iDISCO+ that effectively makes biological tissue transparent, Dr. Stanley saw that beta cell mass was dramatically increased through mechanisms that included enhanced proliferation, function, and survival of the human beta cells. The technology allowed for accurate and rigorous quantitative assessment of engrafted human beta cells for the first time.

Translating Results to the Clinic

The Mount Sinai team recently completed a phase 1 clinical trial of harmine in healthy volunteers to test its safety and tolerability. At the same time, Robert J. DeVita, PhD, Professor of Pharmacological Sciences and Director of the Marie-Josee and Henry R. Kravis Drug Discovery Institute at Mount Sinai, has developed next-generation DYRK1A inhibitors. Mount Sinai is conducting studies to test these in humans for potential toxicity risks and estimate dosing for clinical trials, and is planning to initiate first-in-human trials with independent research teams next year. Mount Sinai owns an extensive patent portfolio covering these technologies.

Researchers also want to address the fact that in patients with type 1 diabetes, the immune system will continue to kill new beta cells. At City of Hope, Dr. Garcia-Ocana and colleague Alberto Pugliese, MD, Samuel Rahbar Chair in Diabetes & Drug Discovery, chair of the Department of Diabetes Immunology, and director of The Wanek Family Project for Type 1 Diabetes within the Arthur Riggs Diabetes & Metabolism Research Institute, plan to test inducers of beta cell regeneration together with immunomodulators that regulate the immune system. Their goal is for the combination to allow new beta cells to thrive and improve insulin levels.

"Our studies pave the way for moving DYRK1A inhibitors into human clinical trials and it's very exciting to be close to seeing this novel treatment used in patients," Dr. Garcia-Ocana said. "There is nothing like this available to patients right now."

The work outlined in the Science Translational Medicine paper was funded by grants from the National Institutes of Health (NIH), the National Institute of Diabetes Digestive and Kidney Disease, and BreakthroughT1D (formerly JDRF); as well as from philanthropic donations to Mount Sinai, support from The Wanek Family Project for Type 1 Diabetes at City of Hope, and additional generous philanthropic gifts.

Other critical members of the team include Mount Sinai's Carolina Rosselot, PhD; Yansui Li, PhD; and Alexandra Alvarsson, PhD. Additional City of Hope authors on the paper are Geming Lu, MD, assistant research professor, and Randy Kang, BS, senior research associate, who are both members of Dr. Garcia-Ocana's lab.

Drs. Stewart and DeVita are named co-inventors on patent applications for DYRK1A inhibitors, such as harmine, for the treatment of diabetes. These patent applications are filed through the Icahn School of Medicine at Mount Sinai and are currently unlicensed.
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Lion with nine lives breaks record with longest swim in predator-infested waters | ScienceDaily
A record-breaking swim by two lion brothers across a predator-infested African river has been documented in a study co-led by Griffith University and Northern Arizona University.


						
Dr Alexander Braczkowski, from Griffith's Centre for Planetary Health and Food Security, led a team that filmed a two-male lion coalition crossing the Kazinga Channel in Uganda at night, using high-definition heat detection cameras on drones. The work was done under the supervision of the Uganda Wildlife Authority.

One half of the lion brother duo was a 10-year-old local icon known as Jacob, who became famous for surviving a multitude of life-threatening incidents, one of which left him with an amputated leg.

"Jacob has had the most incredible journey and really is a cat with nine lives," Dr Braczkowski said.

"I'd bet all my belongings that we are looking at Africa's most resilient lion: he has been gored by a buffalo, his family was poisoned for lion body part trade, he was caught in a poacher's snare, and finally lost his leg in another attempted poaching incident where he was caught in a steel trap.

"The fact that he and his brother Tibu have managed to survive as long as they have in a national park that has experienced significant human pressures and high poaching rates is a feat in itself -- our science has shown this population has nearly halved in just 5 years.

"His swim, across a channel filled with high densities of hippos and crocodiles, is a record-breaker and is a truly amazing show of resilience in the face of such risk."

Previous reported swims by African lions have ranged from 10 to a couple of hundred metres, some of which resulted in deaths by crocodile attacks.




The big swim prompts a key question: why did Jacob and Tibu risk the dangerous kilometre-long night swim in the first place?

"It's likely the brothers were looking for females," Dr Braczkowski explained.

"Competition for lionesses in the park is fierce and they lost a fight for female affection in the hours leading up to the swim, so it's likely the duo mounted the risky journey to get to the females on the other side of the channel."

"There is a small connecting bridge to the other side but the presence of people was probably a deterrent for them."

Dr Braczkowski has been running a long-term study of African lions and other predators in Queen Elizabeth and several other Ugandan National Parks.

He is currently the scientific director of the Volcanoes Safaris Partnership Trust's Kyambura Lion Project and has been working with the Ugandan Government since 2017 to build scientific capacity in the wildlife department to census lions and other predators.

This behavioural observation is a direct symptom of some of his previous research, highlighting skewed sex ratios in lion populations.

"Jacob and Tibu's big swim is another important example that some of our most beloved wildlife species are having to make tough decisions just to find homes and mates in a human-dominated world," Dr Braczkowski said.
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Mars likely had cold and icy past, new study finds | ScienceDaily
The question of whether Mars ever supported life has captivated the imagination of scientists and the public for decades. Central to the discovery is gaining insight into the past climate of Earth's neighbor: was the planet warm and wet, with seas and rivers much like those found on our own planet? Or was it frigid and icy, and therefore potentially less prone to supporting life as we know it? A new study finds evidence to support the latter by identifying similarities between soils found on Mars and those of Canada's Newfoundland, a cold subarctic climate.


						
The study, published July 7th in Communications Earth and Environment, looked for soils on Earth with comparable materials to Mars' Gale Crater. Scientists often use soil to depict environmental history, as the minerals present can tell the story of landscape evolution through time. Understanding more about how these materials formed could help answer long-standing questions about historical conditions on the red planet. The soils and rocks of Gale Crater provide a record of Mars' climate between 3 and 4 billion years ago, during a time of relatively abundant water on the planet -- and the same time period that saw life first appear on Earth.

"Gale Crater is a paleo lakebed -- there was obviously water present. But what were the environmental conditions when the water was there?" says Anthony Feldman, a soil scientist and geomorphologist now at DRI. "We're never going to find a direct analog to the Martian surface, because conditions are so different between Mars and Earth. But we can look at trends under terrestrial conditions and use those to try to extrapolate to Martian questions."

NASA's Curiosity Rover has been investigating Gale Crater since 2011, and has found a plethora of soil materials known as "X-ray amorphous material." These components of the soil lack the typical repeating atomic structure that defines minerals, and therefore can't be easily characterized using traditional techniques like X-ray diffraction. When X-rays are shot at crystalline materials like a diamond, for example, the X-rays scatter at characteristic angles based on the mineral's internal structure. However, X-ray amorphous material does not produce these characteristic "fingerprints." This X-ray diffraction method was used by the Curiosity Rover to demonstrate that X-ray amorphous material comprised between 15 and 73% of the soil and rock samples tested in Gale Crater.

"You can think of X-Ray amorphous materials like Jello," Feldman says. "It's this soup of different elements and chemicals that just slide past each other."

The Curiosity Rover also conducted chemical analyses on the soil and rock samples, finding that the amorphous material was rich in iron and silica but deficient in aluminum. Beyond the limited chemical information, scientists don't yet understand what the amorphous material is, or what its presence implies about Mars' historical environment. Uncovering more information about how these enigmatic materials form and persist on Earth could help answer persistent questions about the red planet.

Feldman and his colleagues visited three locations in search of similar X-ray amorphous material: the Tablelands of Gros Morne National Park in Newfoundland, Northern California's Klamath Mountains, and western Nevada. These three sites had serpentine soils that the researchers expected to be chemically similar to the X-ray amorphous material at Gale Crater: rich in iron and silicon but lacking in aluminum. The three locations also provided a range of rainfall, snowfall, and temperature that could help provide insight into the type of environmental conditions that produce amorphous material and encourage its preservation.




At each site, the research team examined the soils using X-ray diffraction analysis and transmission electron microscopy, which allowed them to see the soil materials at a more detailed level. The subarctic conditions of Newfoundland produced materials chemically similar to those found in Gale Crater that also lacked in crystalline structure. The soils produced in warmer climates like California and Nevada did not.

"This shows that you need the water there in order to form these materials," Feldman says. "But it needs to be cold, near-freezing mean annual temperature conditions in order to preserve the amorphous material in the soils."

Amorphous material is often considered to be relatively unstable, meaning that at an atomic level, the atoms haven't yet organized into their final, more crystalline forms. "There's something going on in the kinetics -- or the rate of reaction -- that is slowing it down so that these materials can be preserved over geologic time scales," Feldman says. "What we're suggesting is that very cold, close to freezing conditions, is one particular kinetic limiting factor that allows for these materials to form and be preserved."

"This study improves our understanding of the climate of Mars," Feldman says. "The results suggest that the abundance of this material in Gale Crater is consistent with subarctic conditions, similar to what we would see in, for instance, Iceland."
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Prime editing efficiently corrects cystic fibrosis mutation in human lung cells | ScienceDaily
Cystic fibrosis is one of the most common genetic disorders, causing thick mucus build-up in the lungs and other parts of the body, breathing problems, and infection. A three-drug cocktail known as Trikafta has greatly improved patient quality of life since its development in 2019, but can cause cataracts and liver damage and must be taken daily at a cost of about $300,000 per year.


						
Now, researchers at the Broad Institute of MIT and Harvard and the University of Iowa have developed a gene-editing approach that efficiently corrects the most common mutation that causes cystic fibrosis, found in 85 percent of patients. With further development, it could pave the way for treatments that are administered only once and have fewer side effects.

The new method, published today in Nature Biomedical Engineering, precisely and durably corrects the mutation in human lung cells, restoring cell function to levels similar to that of Trikafta. The approach is based on a technique called prime editing, which can make insertions, deletions, and substitutions up to hundreds of base pairs long in the genome with few unwanted byproducts. Prime editing was developed in 2019 by the lab of David Liu, who is the Richard Merkin Professor and director of the Merkin Institute of Transformative Technologies in Healthcare at the Broad, as well as a professor at Harvard University and a Howard Hughes Medical Institute investigator.

"We are hopeful that the use of prime editing to correct the predominant cause of cystic fibrosis might lead to a one-time, permanent treatment for this serious disease," said Liu, the senior author on the study. "Developing a strategy to efficiently correct this challenging mutation also provided a blueprint for optimizing prime editing to precisely correct other mutations that cause devastating disorders."

Postdoctoral researcher Alex Sousa and graduate student Colin Hemez, both from Liu's lab, were first authors on the study.

Gene repair

Cystic fibrosis is caused by mutations in the CFTR gene that impair ion channels in the cell membrane that pump chloride out of cells. There are more than 2,000 known variants of the CFTR gene, 700 of which cause disease. The most common is a three base-pair CTT deletion that causes the ion channel protein to misfold and degrade.

Correcting the CTT deletion in CFTR has long been the goal of gene-editing therapies by labs including Liu's, but most attempts have not been efficient enough to confer a therapeutic benefit, or use approaches such as CRISPR/Cas9 nuclease editing that generate double-stranded breaks in DNA, which can generate unwanted changes in the target gene and other locations in the genome.

Prime editing, a more flexible and controlled kind of gene editing that does not require double-stranded breaks, could help address this limitation. To more efficiently correct the CFTR mutation, Liu's team combined six different enhancements to the technology. These included improving the prime editing guide RNAs that program prime editor proteins to find their target and to make the desired edit, as well as modifying the prime editor protein itself and other changes that make the target site more accessible. In combination, these refinements corrected about 60 percent of the CTT deletions in human lung cells and about 25 percent in cells taken directly from patient lungs and grown in a dish, an increase from previous methods that corrected less than 1 percent of the mutation in cells. The new approach also generated 3.5 times fewer unwanted insertions and deletions per edit than previous methods that use the Cas9 nuclease enzyme.

Next, researchers will need to develop ways to package and deliver the prime editing machinery to the airways in mice and ultimately humans. The team is hopeful that recent developments such as lipid nanoparticles that reach the lungs in mice may help expedite translation of this approach.
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A new twist on artificial 'muscles' for safer, softer robots | ScienceDaily
Northwestern University engineers have developed a new soft, flexible device that makes robots move by expanding and contracting -- just like a human muscle.


						
To demonstrate their new device, called an actuator, the researchers used it to create a cylindrical, worm-like soft robot and an artificial bicep. In experiments, the cylindrical soft robot navigated the tight, hairpin curves of a narrow pipe-like environment, and the bicep was able to lift a 500-gram weight 5,000 times in a row without failing.

Because the researchers 3D-printed the body of the soft actuator using a common rubber, the resulting robots cost about $3 in materials, excluding the small motor that drives the actuator's shape change. That sharply contrasts typical stiff, rigid actuators used in robotics, which often cost hundreds to thousands of dollars.

The new actuator could be used to develop inexpensive, soft, flexible robots, which are safer and more practical for real-world applications, researchers said.

The research was published Monday (July 8) in the journal Advanced Intelligent Systems.

"Roboticists have been motivated by a long-standing goal to make robots safer," said Northwestern's Ryan Truby, who led the study. "If a soft robot hit a person, it would not hurt nearly as much as getting hit with a rigid, hard robot. Our actuator could be used in robots that are more practical for human-centric environments. And, because they are inexpensive, we potentially could use more of them in ways that, historically, have been too cost prohibitive."

Truby is the June and Donald Brewer Junior Professor of Materials Science and Engineering and Mechanical Engineering at Northwestern's McCormick School of Engineering, where he directs The Robotic Matter Lab. Taekyoung Kim, a postdoctoral scholar in Truby's lab and first author on the paper, led the research. Pranav Kaarthik, a Ph.D. candidate in mechanical engineering, also contributed to the work.




Robots that 'behave and move like living organisms'

While rigid actuators have long been the cornerstone of robot design, their limited flexibility, adaptability and safety have driven roboticists to explore soft actuators as an alternative. To design soft actuators, Truby and his team take inspiration from human muscles, which contract and stiffen simultaneously.

"How do you make materials that can move like a muscle?" Truby asked. "If we can do that, then we can make robots that behave and move like living organisms."

To develop the new actuator, the team 3D-printed cylindrical structures called "handed shearing auxetics" (HSAs) out of rubber. Difficult to fabricate, HSAs embody a complex structure that enables unique movements and properties. For example, when twisted, HSAs extend and expand. Although Truby and Kaarthik 3D-printed similar HSA structures for robots in the past, they were bound to using expensive printers and rigid plastic resins. As a result, their previous HSAs could not bend or deform easily.

"For this to work, we needed to find a way to make HSAs softer and more durable," said Kim. "We figured out how to fabricate soft but robust HSAs from rubber using a cheaper and more easily available desktop 3D printer."

Kim printed the HSAs from thermoplastic polyurethane, a common rubber often used in cellphone cases. While this made the HSAs much softer and more flexible, one challenge remained: how to twist the HSAs to get them to extend and expand.




Previous versions of HSA soft actuators used common servo motors to twist the materials into extended and expanded states. But the researchers only achieved successful actuation after assembling two or four HSAs -- each with its own motor -- together. Building soft actuators in this way presented fabrication and operational challenges. It also reduced the softness of the HSA actuators.

To build an improved soft actuator, the researchers aimed to design a single HSA driven by one servo motor. But first, the team needed to find a way to make a single motor twist a single HSA.

Simplifying 'the entire pipeline'

To solve this problem, Kim added a soft, extendable, rubber bellows to the structure that performed like a deformable, rotating shaft. As the motor provided torque -- an action that causes an object to rotate -- the actuator extended. Simply turning the motor in one direction or the other drives the actuator to extend or contract.

"Essentially, Taekyoung engineered two rubber parts to create muscle-like movements with the turn of a motor," Truby said. "While the field has made soft actuators in more cumbersome ways, Taekyoung greatly simplified the entire pipeline with 3D printing. Now, we have a practical soft actuator that any roboticist can use and make."

The bellows added enough support for Kim to build a crawling soft robot from a single actuator that moved on its own. The pushing and pulling motions of the actuator propelled the robot forward through a winding, constrained environment simulating a pipe.

"Our robot can make this extension motion using a single structure," Kim said. "That makes our actuator more useful because it can be universally integrated into all types of robotic systems."

The missing piece: muscle stiffening

The resulting worm-like robot was compact (measuring just 26 centimeters in length) and crawled -- both backward and forward -- at a speed of just over 32 centimeters per minute. Truby noted that both the robot and artificial bicep become stiffer when the actuator is fully extended. This was yet another property that previous soft robots were unable to achieve.

"Like a muscle, these soft actuators actually stiffen," Truby said. "If you have ever twisted the lid off a jar, for example, you know your muscles tighten and get stiffer to transmit force. That's how your muscles help your body do work. This has been an overlooked feature in soft robotics. Many soft actuators get softer when in use, but our flexible actuators get stiffer as they operate."

Truby and Kim say their new actuator provides yet another step toward more bioinspired robots.

"Robots that can move like living organisms are going to enable us to think about robots performing tasks that conventional robots can't do," Truby said.

The study, "A flexible, architected soft robotic actuator for linear, servo-driven motion," was supported by Truby's Young Investigator Award from the Office of Naval Research and Northwestern's Center for Engineering and Sustainability Resilience.
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Research reveals the most complete dinosaur discovered in the UK in a century | ScienceDaily
The most complete dinosaur discovered in this country in the last 100 years, with a pubic hip bone the size of a 'dinner plate', has been described in a new paper published today.


						
The specimen, which is around 125 million years old, was found in the cliffs of Compton Bay on the Isle of Wight in 2013 by fossil collector Nick Chase, before he tragically died of cancer.

Jeremy Lockwood, a retired GP and University of Portsmouth PhD student, helped with the dinosaur's excavation and has spent years analysing the 149 different bones that make up the skeleton.

Jeremy determined that the skeleton represented a new genus and species, which he named Comptonatus chasei in tribute to Nick.

Jeremy said: "Nick had a phenomenal nose for finding dinosaur bones -- he really was a modern-day Mary Anning. He collected fossils daily in all weathers and donated them to museums. I was hoping we'd spend our dotage collecting together as we were of similar ages, but sadly that wasn't to be the case.

"Despite his many wonderful discoveries over the years, including the most complete Iguanodon skull ever found in Britain, this is the first dinosaur to be named after him."

When it was first discovered, the specimen was thought to be a known dinosaur called Mantellisaurus, but Jeremy's study revealed a lot more dinosaur diversity. Indeed, this is the second new genus to be described by Jeremy.




He said: "I've been able to show this dinosaur is different because of certain unique features in its skull, teeth and other parts of its body. For example its lower jaw has a straight bottom edge, whereas most iguanodontians have a jaw that curves downwards. It also has a very large pubic hip bone, which is much bigger than other similar dinosaurs. It's like a dinner plate!"

Jeremy doesn't know why the pubic hip bone, which is placed at the base of the abdomen was so big: "It was probably for muscle attachments, which might mean its mode of locomotion was a bit different, or it could have been to support the stomach contents more effectively, or even have been involved in how the animal breathed, but all of these theories are somewhat speculative."

Jeremy named the dinosaur Comptonatus after Compton Bay where it was found and 'tonatus' is a latin word meaning 'thunderous'.

"This animal would have been around a ton, about as big as a large male American bison. And evidence from fossil footprints found nearby shows it was likely to be a herding animal, so possibly large herds of these heavy dinosaurs may have been thundering around if spooked by predators on the floodplains over 120 million years ago."

Dr Susannah Maidment, Senior Researcher and palaeontologist at the Natural History Museum and senior author of the paper completed whilst supervising Jeremy's PhD, commented: "Comptonatus is a fantastic dinosaur specimen: one of the most complete to be found in the UK in a century.

"Its recognition as a new species is due to incredibly detailed work by NHM Scientific Associate Dr Jeremy Lockwood, whose research continues to reveal that the diversity of dinosaurs in southern England in the Early Cretaceous was much greater than previously realised.




"The specimen, which is younger than Brighstoneus but older than Mantellisaurus (two iguandontian dinosaurs closely related to Comptonatus) demonstrate fast rates of evolution in iguandontian dinosaurs during this time period, and could help us understand how ecosystems recovered after a putative extinction event at the end of the Jurassic Period."

Despite only four new dinosaur species being described on the Isle of Wight in the whole of the 1900s, there have been eight new species named in the last five years.

Jeremy added: "This really is a remarkable find. It helps us understand more about the different types of dinosaurs that lived in England in the Early Cretaceous. This adds to recent research that shows that Wessex was one of the world's most diverse ecosystems."

The dinosaur has been added to the collections at the Dinosaur Isle Museum in Sandown on the Isle of Wight. The paper is published today in the Journal of Systematic Palaeontology.

Dr Martin Munt, Dinosaur Isle curator, said: "Ongoing research on the museum collection continues to reveal exciting new discoveries. Most of Nick's most important finds have remained on the Island, a lasting legacy.

"We can look forward to many more new types of prehistoric creatures being discovered from the Island's cliffs and collection."

Mike Greenslade, General Manager for the National Trust on the Isle of Wight, said: "This extraordinary discovery at National Trust's Compton Bay highlights the rich natural heritage of the Isle of Wight.

"Finding the most complete dinosaur in the UK in a century not only showcases the island's palaeontological significance but also underscores the importance of preserving our landscapes for future generations to explore and learn from.

"Nick Chase's remarkable find and Jeremy Lockwood's dedicated research are a testament to the incredible history waiting to be uncovered here. We are thrilled to be part of this ongoing journey of discovery and scientific advancement."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710130921.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A breakthrough on the edge: One step closer to topological quantum computing | ScienceDaily
Researchers at the University of Cologne have achieved a significant breakthrough in quantum materials, potentially setting the stage for advancements in topological superconductivity and robust quantum computing / publication in Nature Physics.


						
A team of experimental physicists led by the University of Cologne have shown that it is possible to create superconducting effects in special materials known for their unique edge-only electrical properties. This discovery provides a new way to explore advanced quantum states that could be crucial for developing stable and efficient quantum computers. Their study, titled 'Induced superconducting correlations in a quantum anomalous Hall insulator', has been published in Nature Physics.

Superconductivity is a phenomenon where electricity flows without resistance in certain materials. The quantum anomalous Hall effect is another phenomenon that also causes zero resistance, but with a twist: it is confined to the edges rather than spreading throughout. Theory predicts that a combination of superconductivity and the quantum anomalous Hall effect will give rise to topologically-protected particles called Majorana fermions that will potentially revolutionize future technologies such as quantum computers. Such a combination can be achieved by inducing superconductivity in the edge of a quantum anomalous Hall insulator that is already resistance-free. The resultant chiral Majorana edge state, which is a special type of Majorana fermions, is a key to realizing 'flying qubits' (or quantum bits) that are topologically protected.

Anjana Uday, a final-year doctoral researcher in the group of Professor Dr Yoichi Ando and the first author of the paper, explained, "For this study we used thin films of the quantum anomalous Hall insulator contacted by a superconducting Niobium electrode and tried to induce chiral Majorana states at its edges. After five years of hard work we were finally able to achieve this goal: When we inject an electron into one terminal of the insulator material, it reflects at another terminal, not as an electron but as a hole, which is essentially a phantom of an electron with opposite charge. We call this phenomenon crossed Andreev reflection, and it enables us to detect the induced superconductivity in the topological edge state."

Gertjan Lippertz, a postdoctoral fellow in the Ando group and co-first author of the paper, added, "This experiment has been tried by many groups in the past ten years since the discovery of the quantum anomalous Hall effect, but no one has succeeded in it before. The key to our success is that the film deposition of the quantum anomalous Hall insulator, every step of device fabrication, as well as ultra-low-temperature measurements are all done in the same lab. This is not possible elsewhere."

To achieve these results, the Cologne group collaborated with colleagues at KU Leuven, the University of Basel as well as Forschungszentrum Julich. The latter contributed theory support within the joint Cluster of Excellence Matter and Light for Quantum Computing (ML4Q). "The Cluster has been instrumental in providing the collaborative framework and resources necessary for this breakthrough," elaborated Yoichi Ando, Professor of Experimental Physics at the University of Cologne and spokesperson of ML4Q.

This discovery opens up numerous avenues for future research. Next steps include experiments to directly confirm the emergence of chiral Majorana fermions and to elucidate their exotic nature. Understanding and harnessing topological superconductivity and chiral Majorana edge states could revolutionize quantum computing by providing stable qubits that are less susceptible to decoherence and loss of information. The platform demonstrated in this study offers a promising path towards achieving these goals, potentially leading to more robust and scalable quantum computers.
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The origins of dark comets | ScienceDaily
Up to 60% of near-Earth objects could be dark comets, mysterious asteroids that orbit the sun in our solar system that likely contain or previously contained ice and could have been one route for delivering water to Earth, according to a University of Michigan study.


						
The findings suggest that asteroids in the asteroid belt, a region of the solar system roughly between Jupiter and Mars that contains much of the system's rocky asteroids, have subsurface ice, something that has been suspected since the 1980s, according to Aster Taylor, a U-M graduate student in astronomy and lead author of the study.

The study also shows a potential pathway for delivering ice into the near-Earth solar system, according to Taylor. How Earth got its water is a longstanding question.

"We don't know if these dark comets delivered water to Earth. We can't say that. But we can say that there is still debate over how exactly the Earth's water got here," Taylor said. "The work we've done has shown that this is another pathway to get ice from somewhere in the rest of the solar system to the Earth's environment."

The research further suggests that one large object may come from the Jupiter-family comets, comets whose orbits take them close to the planet Jupiter. The team's results are published in the journal Icarus.

Dark comets are a bit of a mystery because they combine characteristics of both asteroids and comets. Asteroids are rocky bodies with no ice that orbit closer to the sun, typically within what's called the ice line. This means they are close enough to the sun for any ice the asteroid may have been carrying to sublimate, or change from solid ice directly into gas.

Comets are icy bodies that show a fuzzy coma, a cloud that often surrounds a comet. Sublimating ice carries dust along with it, creating the cloud. Additionally, comets typically have slight accelerations propelled not by gravity, but by the sublimation of ice, called nongravitational accelerations.




The study examined seven dark comets and estimates that between 0.5 and 60% of all near-Earth objects could be dark comets, which do not have comae but do have nongravitational accelerations. The researchers also suggest that these dark comets likely come from the asteroid belt, and because these dark comets have nongravitational accelerations, the study findings suggest asteroids in the asteroid belt contain ice.

"We think these objects came from the inner and/or outer main asteroid belt, and the implication of that is that this is another mechanism for getting some ice into the inner solar system," Taylor said. "There may be more ice in the inner main belt than we thought. There may be more objects like this out there. This could be a significant fraction of the nearest population. We don't really know, but we have many more questions because of these findings."

In previous work, a team of researchers including Taylor identified nongravitational accelerations on a set of near-Earth objects, naming them "dark comets." They determined that the dark comets' nongravitational accelerations are likely the result of small amounts of sublimating ice.

In the current work, Taylor and their colleagues wanted to discover where the dark comets came from.

"Near-Earth objects don't stay on their current orbits very long because the near-Earth environment is messy," they said. "They only stay in the near-Earth environment for around 10 million years. Because the solar system is much older than that, that means near-Earth objects are coming from somewhere -- that we're constantly being fed near-Earth objects from another, much larger source."

To determine the origin of this dark comet population, Taylor and their coauthors created dynamical models that assigned nongravitational accelerations to objects from different populations. Then, they modeled a path these objects would follow given the assigned nongravitational accelerations over a period of 100,000 years. The researchers observed that many of these objects ended up where dark comets are today, and found that out of all potential sources, the main asteroid belt is the most likely place of origin.




One of the dark comets called 2003 RM, which passes in an elliptical orbit close to Earth, then out to Jupiter and back past Earth, follows the same path that would be expected from a Jupiter family comet, Taylor says -- that is, its position is consistent with a comet that was knocked inward from its orbit.

Meanwhile, the study finds that the rest of the dark comets likely came from the inner band of the asteroid belt. Since the dark comets likely have ice, this shows that ice are present in the inner main belt.

Then, the researchers applied a previously suggested theory to their population of dark comets to determine why the objects are so small and quickly rotating. Comets are rocky structures bound together by ice -- picture a dirty ice cube, Taylor says. Once they get bumped within the solar system's ice line, that ice starts to off gas. This causes the object's acceleration, but it can also cause the object to spin quite fast -- fast enough for the object to break apart.

"These pieces will also have ice on them, so they will also spin out faster and faster until they break into more pieces," Taylor said. "You can just keep doing this as you get smaller and smaller and smaller. What we suggest is that the way you get these small, fast rotating objects is you take a few bigger objects and break them into pieces."

As this happens, the objects continue to lose their ice, get even smaller, and rotate even more rapidly.

The researchers believe that while the larger dark comet, 2003 RM, was likely a larger object that got kicked out of the outer main belt of the asteroid belt, the six other objects they were examining likely came from the inner main belt and were made by an object that had gotten knocked inward and then broke apart.
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The Gulf Stream is wind-powered and could weaken from climate change | ScienceDaily
New evidence of changes to the Gulf Stream during the last ice age could indicate additional sensitivity to future climatic changes, finds a new study led by UCL researchers.


						
The research, published in Nature, found that during the last ice age about 20,000 years ago, the Gulf Stream was stronger than today because of more powerful winds across the subtropical North Atlantic. This could mean that if climate change causes a reduction in subtropical winds in the future, as initial research is beginning to indicate1, the Gulf Stream could also weaken. This would limit the amount of tropical heat that reaches Europe, cooling the continent and causing higher sea levels in North America, but the likely size of this potential effect is still unclear.

The Gulf Stream is a surface current that flows up the east coast of the US then crosses the Atlantic to Europe, carrying warm tropical water with it. This warm water releases heat into the atmosphere, warming Europe.

The researchers found that during the last ice age, when ice sheets covered much of the northern hemisphere, stronger winds in the region resulted in a stronger and deeper Gulf Stream. However, despite the stronger Gulf Stream, overall, the planet was still much colder than today.

Lead author Dr Jack Wharton (UCL Geography) said: "We found that during the last ice age, the Gulf Stream was much stronger because of stronger winds across the subtropical North Atlantic. As a result, the Gulf Stream was still moving lots of heat northwards, despite the rest of the planet being far colder. Our work also highlights the Gulf Stream's potential sensitivity to future changes in wind patterns. For example, if in the future winds are weaker, as shown in a recent study using climate models, it could mean a weaker Gulf Stream and a cooler Europe."

The Gulf Stream is also part of the vast Atlantic Meridional Overturning Circulation (AMOC), which is driven by both deep water formation in the subpolar North Atlantic, where cooling causes surface waters to become dense and sink, as well as winds. Scientists have previously raised concerns about how climate change could weaken the AMOC as melting glacial water pouring off Greenland could disrupt deepwater formation, preventing warm tropical water from reaching Europe and thus cooling the continent.

Together, the combined effect of weakening winds and reduced deep water formation could significantly weaken the Gulf Stream. If the AMOC were to collapse -- considered an unlikely but possible future scenario -- European temperatures would cool by 10 to 15 degrees Celsius, wreaking havoc on continental agriculture and weather patterns, and the decrease in the wind-driven part of the Gulf Stream would further exacerbate this.




Co-author Professor Mark Maslin (UCL Geography) said: "It's not always recognised how much ocean currents are responsible for transferring heat around the planet and shaping our climate. Paradoxically, the warming of the climate could cool down much of Europe by disrupting the AMOC. Our new research adds to this understanding, and shows that the weakening of the winds which drive the Gulf Stream could reduce the circulation of heat, further affecting the continent."

Though the AMOC and its constituent currents, including the Gulf Stream, is sometimes referred to as a giant conveyer belt, this study highlights the system's complexity, with each part of the current capable of having its own unique response to climate change.

Co-author Professor David Thornalley (UCL Geography) said: "Rather than the established conveyor belt metaphor, perhaps it is better to think of the AMOC as a series of interconnected loops. There is the subtropical loop -- that the Gulf Stream is part of -- and a subpolar loop, which carries heat further northwards into the Arctic. During the last ice age, our findings show that the subtropical loop was stronger than it is today, whereas the subpolar loop is thought to have been weaker. Therefore, when investigating anthropogenic climate change and the AMOC, we need to consider how these different parts may change and what climate impacts each is associated with."

To gauge the strength of the prehistoric Gulf Stream, the researchers analysed the fossil remains of foraminifera -- microorganisms that live at the bottom of the ocean -- taken from sediment cores recovered off the coast of North Carolina and Florida, in collaboration with researchers based at Woods Hole Oceanographic Institute in Massachusetts.

The researchers found that foraminifera taken from layers dating to the last ice age in sediment cores from different locations beneath the Gulf Stream had isotopic signatures (the ratio of oxygen-18 to oxygen-16, which is controlled by a combination of temperature and salinity) that indicated a Gulf Stream that was twice as deep and flowing twice as fast compared to today.

This research was supported by NERC, the Leverhulme Trust, the National Science Foundation, and the European Union's Horizon Europe and Horizon 2020 Research and Innovation Programmes.

1Asbjornsen, H., & Arthun, M. (2023). Deconstructing future AMOC decline at 26.5 N. Geophysical Research Letters, 50(14), e2023GL103515.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710130836.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The molecule that could alleviate stroke-related brain injury | ScienceDaily
A newly developed molecule, LK-2, could inform new therapies for stroke-related brain injury, finds scientists at The Hospital for Sick Children (SickKids).


						
An ischemic stroke occurs when blood flow to a part of the brain is interrupted, depriving the brain cells of oxygen and nutrients. Without timely treatment, brain cells can die, resulting in permanent damage to the brain and its functions. Stroke is one of the leading causes of death and disability worldwide, affecting millions every year.

An international study published in Nature co-led by Dr. Lu-Yang Wang, a Senior Scientist in the Neurosciences & Mental Health program at SickKids, and clinician scientists at the Shanghai Jiao Tong University School of Medicine, has uncovered a molecule that holds the potential to protect neurons during stroke and prevent stroke-related brain damage.

"Our findings provide an entirely new way to think about saving cells while minimizing the adverse neural side effects of conventional stroke therapy," says Wang, who holds a Tier 1 Canada Research Chair in Brain Development and Disorders. "The LK-2 molecule could be the key to unlocking successful therapeutics for stroke patients."

How one neurotransmitter is contributing to stroke-related brain damage

One of the main culprits behind stroke-induced brain damage is a neurotransmitter called glutamate. When the brain is starved of oxygen and sugar, glutamate levels rise dramatically, overstimulating N-methyl-Daspartate receptors (NMDARs) on the membrane of brain cells. This causes a surge of calcium to enter cells, triggering a cascade of events that ultimately leads to cell death.

For decades, researchers have tried to develop drugs that can block NMDARs and prevent the neurotoxicity that comes with elevated levels of glutamate. However, previous drugs targeting NMDARs have been ineffective and failed to move beyond clinical trials because NMDARs play important roles in regular brain functions, such as learning and memory. In addition, blocking NMDARs completely can cause serious side effects, such as psychosis and cognitive impairment.




The team found that glutamate can also bind to and activate a type of acidosis sensor called acid-sensing ion channels (ASICs), which are normally activated by acids. ASICs are present in the membrane of brain cells -- like NMDARs -- and can allow calcium ions to enter the cells when stimulated.

"We have shown that glutamate can supercharge the activity of ASICs, especially under the acidic conditions that occur during stroke," explains Wang. "This means that glutamate is attacking brain cells through both NMDARs and ASICs -- something we did not know before now."

A new way to block excess glutamate

By identifying the specific site in ASICs where glutamate binds, the team was able to develop a new molecule, called LK-2, that can selectively block the glutamate binding site in ASICs, but leave NMDARs intact.

In preclinical models, the team found that LK-2 effectively prevented glutamate from overstimulating ASICs to reduce the flow calcium and cell death. Furthermore, LK-2 did not affect NMDARs or other regular neural transmissions, which suggests its potential as the next generation of stroke therapeutics.

"Our research has revealed a new way to protect the brain from glutamate toxicity without interfering with NMDARs," Wang says.

Wang's research will continue to explore the function and mechanisms of LK-2, in the hopes of developing future clinical trials.

The research team wants to thank Dr. Julie Forman-Kay, a Senior Scientist and Program Head of the Molecular Medicine program, and Dr. Iva Pritisanac, a postdoctoral fellow in Forman-Kay's lab, who assisted Wang in locating the binding sites for glutamate on ASICs.

This research is funded at SickKids by the Canadian Institutes of Health Research (CIHR), the Natural Sciences and Engineering Research Council of Canada (NSERC) and Canada Research Chair Program. For a full list of funders, access the paper in Nature.
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Scientists discover a cause of lupus and a possible way to reverse it | ScienceDaily
Northwestern Medicine and Brigham and Women's Hospital scientists have discovered a molecular defect that promotes the pathologic immune response in systemic lupus erythematosus (known as lupus) and show that reversing this defect may potentially reverse the disease.


						
Lupus affects more than 1.5 million people in the U.S. Until this new study, the causes of this disease were unclear. Lupus can result in life-threatening damage to multiple organs including the kidneys, brain and heart. Existing treatments often fail to control the disease, the study authors said, and have unintended side effects of reducing the immune system's ability to fight infections.

"Up until this point, all therapy for lupus is a blunt instrument. It's broad immunosuppression," said co-corresponding author Dr. Jaehyuk Choi, associate professor of dermatology at Northwestern University Feinberg School of Medicine and a Northwestern Medicine dermatologist. "By identifying a cause for this disease, we have found a potential cure that will not have the side effects of current therapies."

"We've identified a fundamental imbalance in the immune responses that patients with lupus make, and we've defined specific mediators that can correct this imbalance to dampen the pathologic autoimmune response," said co-corresponding author Dr. Deepak Rao, an assistant professor of medicine at Harvard Medical School and a rheumatologist at Brigham and Women's Hospital and co-director of its Center for Cellular Profiling.

In a study to be published in Nature on July 10, the scientists report a new pathway that drives disease in lupus. There are disease-associated changes in multiple molecules in the blood of patients with lupus. Ultimately, these changes lead to insufficient activation of a pathway controlled by the aryl hydrocarbon receptor (AHR), which regulates cells' response to environmental pollutants, bacteria or metabolites. Insufficient activation of AHR results in too many disease-promoting immune cells, called the T peripheral helper cells, that promote the production of disease-causing autoantibodies.

To show this discovery can be leveraged for treatments, the investigators returned the aryl hydrocarbon receptor-activating molecules to blood samples from lupus patients. This seemed to reprogram these lupus-causing cells into a cell called a Th22 cell that may promote wound healing from the damage caused by this autoimmune disease.

"We found that if we either activate the AHR pathway with small molecule activators or limit the pathologically excessive interferon in the blood, we can reduce the number of these disease-causing cells," said Choi, also the Jack W. Graffin Professor at Feinberg. "If these effects are durable, this may be a potential cure."

Choi, Rao and colleagues next want to expand their efforts into developing novel treatments for lupus patients. They are now working to find ways to deliver these molecules safely and effectively to people.




Other Northwestern authors are first author Calvin Law, Arundhati Pillai, Brandon Hancock and Dr. Judd Hultquist. Brigham and Women's Hospital authors include Vanessa Sue Wacleche, Ye Cao, John Sowerby, Alice Horisberger, Sabrina Bracero, Ifeoluwakiisi Adejoorin, Eilish Dillon, Daimon Simmons, Elena Massarotti, Karen Costenbader, Michael Brenner and James Lederer.

The title of the article is "Interferon subverts an AHR-JUN axis to promote CXCL13+ T cells in lupus."

The research was supported by the National Institute of Arthritis and Musculoskeletal and Skin Diseases grants K08 AR072791, P30 AR070253, R01 AR078769 and P30 AR075049; National Institute of Allergy and Infectious Diseases grants R01 AI176599, P30 AI117943, R01 AI165236 and U54 AI170792; National Cancer Institute grants F31 CA268839 and CA060553, all of the National Institutes of Health (NIH); and NIH Director's New Innovator Grant 1DP2AI136599-01, and grants from Lupus Research Alliance, Burroughs Wellcome Fund, Bakewell Foundation, Leukemia and Lymphoma Society and American Cancer Society.
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Big gain in battle against harmful bacteria | ScienceDaily
An unexpected find has enabled important progress to be made in the battle against harmful bacteria.


						
An international team of researchers, led by Professor Peter Fineran from the University of Otago, investigated a particular protein used by bacteria-infecting viruses, known as phages.

Research into this microscopic arms race between bacteria and phages is important as it can lead to alternatives to antibiotics.

Published in the journal Nature, the study analysed a protein phages use when deploying anti-CRISPR, their method of blocking the CRISPR-Cas immune system of bacteria.

Lead author Dr Nils Birkholz, of Otago's Department of Microbiology and Immunology, says understanding how phages interact with bacteria is an important step on the path to using phages against bacterial pathogens in human health or agriculture.

"Specifically, we need to know about the defence mechanisms, such as CRISPR, that bacteria use to protect themselves against phage infection, not unlike how we use our body's immune system against viruses, and how phages can counteract these defences.

"For example, if we know how phages kill a specific bacterium, this helps identify appropriate phages to use as antimicrobials. More specifically, it is important to understand how phages control their counter-defence arsenal, including anti-CRISPR, upon infection -- we must understand how phages regulate the expression of genes that are useful in their battle against bacteria," he says.




The research revealed just how carefully phages need to deploy their anti-CRISPRs.

"We already knew that a particular phage protein has a part, or domain, that is very common in many proteins involved in gene regulation; this helix-turn-helix (HTH) domain is known to be able to bind DNA sequences specifically, and depending on the context, can turn a gene on or off.

"What we found is the HTH domain of this protein is much more versatile and exhibits a regulatory mode which was previously unknown. It can use this domain to not only bind DNA, but also its RNA transcript, the molecule which acts as a mediator between the DNA sequence and the anti-CRISPR encoded in it.

"Because this protein is involved in regulating the production of an anti-CRISPR, it means this regulation has additional layers- it happens not only through the DNA binding mechanism, but also through the new mechanism we discovered of binding the messenger RNA."

Professor Fineran says the finding could have big implications for the understanding of gene regulation.

"Unravelling this unexpectedly complex regulation is important progress when it comes to understanding how phages can evade CRISPR-Cas defences and kill target bacteria in a range of applications.

"The discovery is particularly exciting for the scientific community because it shows a novel regulatory mechanism in a well-studied family of proteins.

"HTH domains have been thoroughly investigated since they were discovered in the early 1980s, so we initially thought our protein would act just like any other protein with an HTH domain -- we were very surprised when we uncovered this new mode of action.

"This finding has the potential to change the way the field views the function and mechanism of this critical and widespread protein domain, and could have big implications for our understanding of gene regulation," he says.
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Molecular atlas of blood vessel pathways in the human brain, across early brain development, adulthood and disease | ScienceDaily
An international consortium of researchers led by University Health Network (UHN) in Toronto and University of Zurich have built the first-ever molecular atlas of the human brain vasculature at single-cell resolution, spanning from early development to adulthood and through disease stages such as brain tumours and brain vascular malformations.


						
The international consortium includes research teams from UHN's Krembil Brain Institute, Donald K. Johnson Eye Institute, Toronto General Hospital Research Institute and Princess Margaret Cancer Centre, the University of Toronto's Donnelly Centre, Mount Sinai Hospital's Lunenfeld-Tanenbaum Research Institute, University of Zurich, University Hospital Zurich, ETH Zurich, University of Geneva, University Hospital Geneva, as well as collaborators at Weill Cornell Medicine and Memorial Sloan Kettering Cancer Center, in New York.

In this study, researchers isolated blood vessels from human early developing brains, adult brains, brain tumours and brain vascular malformations. They found that endothelial cells, which line the blood vessels and regulate interactions between the bloodstream and surrounding tissues, behave differently across various stages of brain development, and may have a more important role than previously understood within the brain's neurovascular signaling networks.

This novel research is published today in Nature.

"The brain's vasculature, or blood vessel cells, genes, and pathways, is important for the proper functioning of the healthy early developing and adult brain, as well as for a variety of brain diseases, such as brain tumours, stroke and brain vascular malformations," says Dr. Thomas Walchli, corresonding author of the study and a scientific associate at UHN's Krembil Brain Institute, a consultant neurosurgeon at University College London (UCL)'s Victor Horsley Department of Neurosurgery, and an Associate Professor/Principal Clinical Research Fellow at the UCL Cancer Institute. "By understanding how these pathways grow and behave during early brain development, how they are silenced in the adult healthy brain, and how they get reactivated in disease, it will provide more insight into the normal functioning of the human brain vasculature and open doors to future therapeutic options."

"UHN's Krembil Brain Institute is a high-volume neurosurgical centre, which provided unparalleled access to a clinically diverse patient population. We were able to perform single-cell RNA sequencing of more than 600,000 isolated endothelial, perivascular and other tissue-derived cells from 117 samples, at an unprecedented resolution, giving us an extraordinary look into the inner workings of the brain's vasculature," says Dr. Ivan Radovanovic, staff neurosurgeon and Senior Scientist at UHN's Krembil Brain Institute, Associate Professor at University of Toronto's Temerty Faculty of Medicine, and co-author of the paper.

"This provides a very large data set that will be an important resource for researchers across the world. By uncovering key differences between healthy and diseased brain vasculature, our work can help identify vulnerabilities of abnormal brain vessels that can be utilized to treat both brain tumours and brain vascular malformations."

Noted in the team's findings: 
    	Researchers found that the vasculature in an adult healthy brain stops growing almost completely over time, but a brain tumour or a brain vascular malformation can reactivate blood vessel growth in the brain tissue, similar to the blood vessel growth in an early developing brain. This finding has never been described before.

    	The research team also showed for the first time how the human brain vasculature differs from the vasculature of organs outside the brain, both during early brain development and in adulthood -- and when disease arises, the brain vasculature becomes more like that of a peripheral organ.

    	In disease, the typical features of the human brain vasculature are partially altered. One example is the endothelial cells of the blood-brain barrier, which act as the brain's 'filter' and gatekeeper for substances, toxins and drugs. Endothelial cells can also affect interactions with the body's immune system. When disease occurs, these cells help to upregulate immune-specific properties, meaning that endothelial cells can evolve into 'antigen-presenting cells,' triggering an immune response.




"It will take many years, but if we can identify what is happening in an early developing brain and how those blood vessel networks grow over time, how they develop into arteries, capillaries, and veins, and interact with the immune system, we can better understand the growth patterns of the tumour vasculature," says Dr. Walchli.

"Both the early developing brain, and brain tumours and brain vascular malformations, feature blood vessel growth and immunosuppression which allow for undisturbed tissue growth. If we can dampen or inhibit the growth of the blood vessels and at the same time boost the immune system, that has a potential application to therapy."

The hope is that if clinicians can one day combine these therapies targeting the vasculature with immunotherapies, they may be able to inhibit vascular growth and prolong patients' survival.

"If we can detect the specific features in the brain vasculature that are shared between early developing brains and brain tumours (but are not present in the healthy normal brain), we could monitor the brain's vasculature for growth patterns and be able to detect and treat disease at an earlier stage, improving patient outcomes," says Dr. Walchli.

This research aims to build on the momentum in the field of brain vascular biology, over the past several years.

"Our work will benefit scientists across disciplines, from developmental, vascular, computational and tumour biologists to neuroscientists, immunologists and single-cell geneticists," adds Dr. Walchli. "The possibilities are endless."
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Strong evidence for intermediate-mass black hole in Omega Centauri | ScienceDaily
Most known black holes are either extremely massive, like the supermassive black holes that lie at the cores of large galaxies, or relatively lightweight, with a mass of under 100 times that of the Sun. Intermediate-mass black holes (IMBHs) are scarce, however, and are considered rare "missing links" in black hole evolution.


						
Now, an international team of astronomers has used more than 500 images from NASA's Hubble Space Telescope -- spanning two decades of observations -- to search for evidence of an intermediate-mass black hole by following the motion of seven fast-moving stars in the innermost region of the globular star cluster Omega Centauri.

These stars provide new compelling evidence for the presence of the gravitational pull from an intermediate-mass black hole tugging on them. Only a few other IMBH candidates have been found to date.

Omega Centauri consists of roughly 10 million stars that are gravitationally bound. The cluster is about 10 times as massive as other big globular clusters -- almost as massive as a small galaxy.

Among the many questions scientists want to answer: Are there any IMBHs, and if so, how common are they? Does a supermassive black hole grow from an IMBH? How do IMBHs themselves form? Are dense star clusters their favored home?

The astronomers have now created an enormous catalog for the motions of these stars, measuring the velocities for 1.4 million stars gleaned from the Hubble images of the cluster. Most of these observations were intended to calibrate Hubble's instruments rather than for scientific use, but they turned out to be an ideal database for the team's research efforts.

"We discovered seven stars that should not be there," explained Maximilian Haberle of the Max Planck Institute for Astronomy in Germany, who led this investigation. "They are moving so fast that they would escape the cluster and never come back. The most likely explanation is that a very massive object is gravitationally pulling on these stars and keeping them close to the center. The only object that can be so massive is a black hole, with a mass at least 8,200 times that of our Sun."

Several studies have suggested the presence of an IMBH in Omega Centauri. However, other studies proposed the mass could be contributed by a central cluster of stellar-mass black holes, and had suggested the lack of fast-moving stars above the necessary escape velocity made an IMBH less likely in comparison.




"This discovery is the most direct evidence so far of an IMBH in Omega Centauri," added team lead Nadine Neumayer of the Max Planck Institute for Astronomy in Germany, who initiated the study, together with Anil Seth from the University of Utah, Salt Lake City. "This is exciting because there are only very few other black holes known with a similar mass. The black hole in Omega Centauri may be the best example of an IMBH in our cosmic neighborhood."

If confirmed, at a distance of 17,700 light-years the candidate black hole resides closer to Earth than the 4.3-million-solar-mass black hole in the center of the Milky Way, located 26,000 light-years away.

Omega Centauri is visible from Earth with the naked eye and is one of the favorite celestial objects for stargazers living in the southern hemisphere. Located just above the plane of the Milky Way, the cluster appears almost as large as the full Moon when seen from a dark rural area. It was first listed in Ptolemy's catalog nearly 2,000 years ago as a single star. Edmond Halley reported it as a nebula in 1677. In the 1830s the English astronomer John Herschel was the first to recognize it as a globular cluster.
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Archaeologists report earliest evidence for plant farming in east Africa | ScienceDaily
A trove of ancient plant remains excavated in Kenya helps explain the history of plant farming in equatorial eastern Africa, a region long thought to be important for early farming but where scant evidence from actual physical crops has been previously uncovered.


						
In a new study published July 10 in the Proceedings of the Royal Society B, archaeologists from Washington University in St. Louis, the University of Pittsburgh and their colleagues report the largest and most extensively dated archaeobotanical record from interior east Africa.

Up until now, scientists have had virtually no success in gathering ancient plant remains from east Africa and, as a result, have had little idea where and how early plant farming got its start in the large and diverse area comprising Kenya, Tanzania and Uganda.

"There are many narratives about how agriculture began in east Africa, but there's not a lot of direct evidence of the plants themselves," said WashU's Natalie Mueller, an assistant professor of archaeology in Arts & Sciences and co-first author of the new study. The work was conducted at the Kakapel Rockshelter in the Lake Victoria region of Kenya.

"We found a huge assemblage of plants, including a lot of crop remains," Mueller said. "The past shows a rich history of diverse and flexible farming systems in the region, in opposition to modern stereotypes about Africa."

The new research reveals a pattern of gradual introductions of different crops that originated from different parts of Africa.

In particular, the remnants of cowpea discovered at Kakapel rock shelter and directly dated to 2,300 years ago constitute the earliest documented arrival of a domesticated crop -- and presumably of farming lifeways -- to eastern Africa. Cowpea is assumed to have originated in west Africa and to have arrived in the Lake Victoria basin concurrent with the spread of Bantu-speaking peoples migrating from central Africa, the study authors said.




"Our findings at Kakapel reveal the earliest evidence of domesticated crops in east Africa, reflecting the dynamic interactions between local herders and incoming Bantu-speaking farmers," said Emmanuel Ndiema from the National Museums of Kenya, a project partner. "This study exemplifies National Museums of Kenya's commitment to uncovering the deep historical roots of Kenya's agricultural heritage and fostering an appreciation of how past human adaptations can inform future food security and environmental sustainability."

Constantly changing landscape

Situated north of Lake Victoria, in the foothills of Mount Elgon near the Kenya-Uganda border, Kakapel is a recognized rock art site that contains archaeological artifacts that reflect more than 9,000 years of human occupation in the region. The site has been recognized as a Kenyan national monument since 2004.

"Kakapel Rockshelter is one of the only sites in the region where we can see such a long sequence of occupation by so many diverse communities," said Steven T. Goldstein, an anthropological archaeologist at the University of Pittsburgh (WashU PhD '17), the other first author of this study. "Using our innovative approaches to excavation, we have been uniquely able to detect the arrival of domesticated plants and animals into Kenya and study the impacts of these introductions on local environments, human technology and sociocultural systems."

Mueller first joined Goldstein and National Museums of Kenya to conduct excavations at the Kakapel Rockshelter site in 2018. Their work is ongoing. Mueller is the lead scientist for plant investigations at Kakapel; the Max Planck Institute of Geoanthropology (in Jena, Germany) is another partner on the project.

Mueller used a flotation technique to separate remnants of wild and domesticated plant species from ashes and other debris in a hearth excavated at Kakapel. Although she has used this technique in her research in many other parts of the world, it is sometimes difficult to use this approach in water-scarce locations -- so it has not been widely used in east Africa.




The scientists used direct radiocarbon dating on carbonized seeds to document the arrival of cowpea (also known as the black-eyed pea, today an important legume around the world) about 2,300 years ago, at about the same time that people in this area began to use domesticated cattle. Researchers also found evidence that sorghum arrived from the northeast at least 1,000 years ago. They also recovered hundreds of finger millet seeds, dating back to at least 1,000 years ago. This crop is indigenous to eastern Africa and is an important heritage crop for the communities that live near Kakapel today.

One unusual crop that Mueller uncovered was field pea (Pisum), burnt but perfectly intact. Peas were not previously considered to be part of early agriculture in this region. "To our knowledge, this is the only evidence of peas in Iron Age eastern Africa," Mueller said.

The exceptional pea is pictured in the paper, and it represents its own little mystery. "The standard peas that we eat in North America were domesticated in the near east," Mueller said. "They were grown in Egypt and probably ended up in east Africa by traveling down the Nile through Sudan, which is also likely how sorghum ended up in east Africa. But there is another kind of pea that was domesticated independently in Ethiopia called the Abyssinian pea, and our sample could be either one!"

Many of the plant remnants that Mueller and her team found at Kakapel could not be positively identified, Mueller said, because even modern scientists working in Kenya, Tanzania and Uganda today don't have access to a good reference collection of samples of plants from east Africa. (As a separate project, Mueller is currently working on building such a comparative collection of Tanzania's plants.)

"Our work shows that African farming was constantly changing as people migrated, adopted new crops and abandoned others at a local level," Mueller said. "Prior to European colonialism, community-scale flexibility and decision-making was critical for food security -- and it still is in many places."

Findings from this study may have implications for many other fields, Mueller said, including historical linguistics, plant science and genetics, African history and domestication studies.

Mueller is continuing to work on identifying the wild plants in the assemblage, especially those from the oldest parts of the site, before the beginning of agriculture. "This is where human evolution occurred," Mueller said. "This is where hunting and gathering was invented by people at the dawn of time. But there has been no archaeological evidence about which plants hunter-gatherers were eating from this region. If we can get that kind of information from this assemblage, then that is a great contribution."
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Found with Webb: A potentially habitable icy world | ScienceDaily
A international team of astronomers led by Universite de Montreal has made an exciting discovery about the temperate exoplanet LHS 1140 b: it could be a promising "super-Earth" covered in ice or water.


						
When the exoplanet LHS 1140 b was first discovered, astronomers speculated that it might be a mini-Neptune: an essentially gaseous planet, but very small in size compared to Neptune. But after analyzing data from the James Webb Space Telescope (JWST) collected in December 2023 -- combined with previous data from other space telescopes such as Spitzer, Hubble and TESS -- scientists have come to a very different conclusion.

Located some 48 light-years from Earth in the constellation Cetus, LHS 1140 b appears to be one of the most promising exoplanets in its star's habitable zone, potentially harboring an atmosphere and even an ocean of liquid water. The results of this discovery by Universite de Montreal astronomers are available on ArXiv and will soon be published in The Astrophysical Journal Letters.

An exoplanet in the 'Goldilocks' Zone'

LHS 1140 b, an exoplanet orbiting a low-mass red dwarf star roughly one-fifth the size of the Sun, has captivated scientists due to it being one of the closest exoplanets to our Solar System that lies within its star's habitable zone. Exoplanets found in this "Goldilocks' Zone" have temperatures that would allow water to exist on them in liquid form  -- liquid water being a crucial element for life as we know it on Earth.

Earlier this year, researchers led by Charles Cadieux, a Ph.D. student at UdeM's Trottier Institute for Research on Exoplanets (iREx) supervised by professor Rene Doyon, reported new mass and radius estimates for LHS 1140 b with exceptional accuracy, comparable to those of the well-known TRAPPIST-1 planets: 1.7 times the size of Earth and 5.6 times its mass.

One of the critical questions about LHS 1140 b was whether it is a mini-Neptune type exoplanet (a small gas giant with a thick hydrogen-rich atmosphere) or a super-Earth (a rocky planet larger than Earth). This latter scenario included the possibility of a so-called "Hycean world" with a global liquid ocean enveloped by a hydrogen-rich atmosphere which would exhibit a distinct atmospheric signal that could be observed using the powerful Webb Telescope.




New insights from Webb data

Through an extremely competitive process, the team of astronomers obtained valuable "drector's discretionary time" (DDT) on Webb last December, during which two transits of LHS 1140 b were observed with the Canadian-built NIRISS (Near-Infrared Imager and Slitless Spectrograph) instrument. This DDT programme is only the second dedicated to the study of exoplanets in the nearly two years of Webb's operations, underscoring the importance and potential impact of these findings.

Analysis of these observations strongly excluded the mini-Neptune scenario, with tantalizing evidence suggesting exoplanet LHS 1140 b is a super-Earth that may even have a nitrogen-rich atmosphere. If this result is confirmed, LHS 1140 b would be the first temperate planet to show evidence of a secondary atmosphere, formed after the planet's initial formation.

Estimates based on all accumulated data reveal that LHS 1140 b is less dense than expected for a rocky planet with an Earth-like composition, suggesting that 10 to 20 per cent of its mass may be composed of water. This discovery points to LHS 1140 b being a compelling water world, likely resembling a snowball or ice planet with a potential liquid ocean at the sub-stellar point, the area of the planet's surface that would always be facing the system's host star due to the planet's expected synchronous rotation (much like the Earth's Moon).

"Of all currently known temperate exoplanets, LHS 1140 b could well be our best bet to one day indirectly confirm liquid water on the surface of an alien world beyond our Solar System," said Cadieux, lead author of the new study. "This would be a major milestone in the search for potentially habitable exoplanets."

Possible presence of an atmosphere and an ocean

While it is still only a tentative result, the presence of a nitrogen-rich atmosphere on LHS 1140 b would suggest the planet has retained a substantial atmosphere, creating conditions that might support liquid water. This discovery favors the water-world/snowball scenario as the most plausible.




Current models indicate that if LHS 1140 b has an Earth-like atmosphere, it would be a snowball planet with a vast "bull's-eye" ocean measuring about 4,000 kilometers in diameter, equivalent to half the surface area of the Atlantic Ocean. The surface temperature at the centre of this alien ocean could even be a comfortable 20 degrees Celsius.

LHS 1140 b's potential atmosphere and favorable conditions for liquid water make it an exceptional candidate for future habitability studies. This planet provides a unique opportunity to study a world that could support life, given its position in its star's habitable zone and the likelihood of its having an atmosphere that can retain heat and support a stable climate.

Several years of observation ahead

Confirming the presence and composition of LHS 1140 b's atmosphere and discerning between the snowball planet and bull's-eye ocean planet scenarios require further observations. The research team has emphasised the need for additional transit and eclipse measurements with the Webb Telescope, focusing on a specific signal that could unveil the presence of carbon dioxide. This feature is crucial for understanding the atmospheric composition and detecting potential greenhouse gases that could indicate habitable conditions on the exoplanet.

"Detecting an Earth-like atmosphere on a temperate planet is pushing Webb's capabilities to its limits -- it's feasible; we just need lots of observing time," said Doyon, who is also the principal investigator of the NIRISS instrument. "The current hint of a nitrogen-rich atmosphere begs for confirmation with more data. We need at least one more year of observations to confirm that LHS 1140 b has an atmosphere, and likely two or three more to detect carbon dioxide." According to Doyon, the Webb Telescope will likely have to observe this system at every possible opportunity for several years to determine whether LHS 1140 b has habitable surface conditions.

Given LHS 1140 b's limited visibility with Webb -- a maximum of only eight visits per year are possible -- astronomers will require several years of observations to detect carbon dioxide and confirm the presence of liquid water on the planet's surface.
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Building materials for water-rich planets in the early solar system | ScienceDaily
Age data for certain classes of meteorite have made it possible to gain new findings on the origin of small water-rich astronomical bodies in the early solar system. These so-called planetesimals continually supplied building materials for planets -- also for the Earth, whose original material contained little water. The Earth received its actual water through planetesimals, which emerged at low temperatures in the outer solar system. Ice was available there as solid-state water -- unlike with small bodies which had evolved earlier and were too hot for that, being closer to the sun. Computational models carried out by an international research team, with participation by earth scientists from Heidelberg University, have shown this on the basis of the age data, from which they were also able to read the parent bodies' thermal evolution.


						
The planets of our solar system formed together with their mother star, and the Earth did likewise, emerging about 4.5 billion years ago around the sun. This happened in the habitable zone, which meant that water was able to exist in liquid form on its surface. The Earth, like other planets, also grew out of planetesimals. They emerge when large quantities of dust particles accrete in high pressure zones several thousand kilometres in diameter, and collapse under their own gravity. "These small bodies did not just supply the building materials for the planets," explains Prof. Dr Mario Trieloff, who directs the Klaus Tschira Laboratory for Cosmochemistry at Heidelberg University's Institute of Earth Sciences. They are also the source of the Earth's water, the scientist adds.

The circumstances under which the planetesimals actually originated in the early solar system, and whether this was also possible for considerable periods of time, have so far not been finally clarified. Important information in this regard is supplied by the age data of certain classes of meteorites, which at some stage separated from small planets. In cooperation with colleagues from Berlin, Bayreuth and Zurich (Switzerland), the Heidelberg scientists have derived the thermal evolution and point of origin of the mother bodies from this data. They show that some of the planetesimals formed very quickly, meaning within less than two million years. In that case, they heated up so strongly that they melted and lost all volatile elements, including their water.

Other planetesimals, according to the findings of the current study, arose later at lower temperatures in the outer solar system; they were partly able to conserve their water bound up in crystals. The fact that these small bodies were also able to continually form at later stages of the solar system is, according to the scientists, due to various delaying effects counteracting the mechanisms of rapid origin, for example, collisions between dust agglomerates [?] the building materials of planetesimals [?] which prevented the rapid growth of small planets.

"The Earth accreted such small water-rich planets or their fragments in the form of asteroids or meteorites during its growth process and that is the only reason why it did not become a bone-dry planet, hostile to life," says Dr Wladimir Neumann, first author of the study, which is based on research carried out at Heidelberg University, the Institute of Planetary Research at the German Aerospace Center and the Institute of Geodesy at TU Berlin.

Since the origin of planetesimals in extrasolar planetary systems is based on the same physical laws as in our solar system, the scientists assume that there could also be planets similar to the Earth in other regions of space. If they have received water from small bodies in the course of their evolutionary history they could meet the preconditions for the origin of life, according to Prof. Trieloff.

The research findings were published in the journal Nature Scientific Reports. Participating in the investigations were scientists from TU Berlin, the German Aerospace Center, ETH Zurich (Switzerland) and the University of Bayreuth. Funding for the research studies came from the German Research Foundation, the Klaus Tschira Foundation and the International Space Science Institute in Bern (Switzerland) and Beijing (China).
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First local extinction in the US due to sea level rise, study suggests | ScienceDaily
The United States has lost its only stand of the massive Key Largo tree cactus in what researchers believe is the first local extinction of a species caused by sea level rise in the country.


						
The Key Largo tree cactus (Pilosocereus millspaughii) still grows on a few scattered islands in the Caribbean, including northern Cuba and parts of the Bahamas. In the United States, it was restricted to a single population in the Florida Keys, first discovered in 1992 and monitored intermittently since.

Salt water intrusion from rising seas, soil depletion from hurricanes and high tides, and herbivory by mammals had put significant pressure on the population. By 2021, what had been a thriving stand of about 150 stems was reduced to six ailing fragments, which researchers salvaged for off-site cultivation to ensure their survival.

"Unfortunately, the Key Largo tree cactus may be a bellwether for how other low-lying coastal plants will respond to climate change," said Jennifer Possley, director of regional conservation at Fairchild Tropical Botanic Garden and lead author on a study published Tuesday, July 9 that documents the population's decline.

Two closely related cacti negatively affected by environmental change

Comparatively little is known about Florida's rare cacti. Researchers initially stumbled upon the Key Largo tree cactus in an isolated mangrove forest, and for several years afterward, its identity remained uncertain. Most considered it to be a unique population of the similarly named Key tree cactus (Pilosocereus robinii), a federally endangered species that is present elsewhere in the Florida Keys.

The two cacti have a similar appearance. The stems of both shoot up perpendicular to the ground and can grow to be more than 20 feet tall. Both have cream-colored flowers that smell like garlic and reflect moonlight, attracting bat pollinators, while their bright red and purple fruit catch the eye of birds and mammals.




But there are key differences as well, which made Alan Franck, currently the herbarium collection manager at the Florida Museum of Natural History, suspect they were dealing with something unique on Key Largo.

"The most striking difference is the tuft of long, woolly hairs at the base of the flowers and fruits," Franck said. The hair is so thick, it can look as though the cactus is covered in drifts of snow. Spines of the Key Largo cactus are also twice as long as they are on the Key tree cactus.

In 2019, Franck confirmed that the Key Largo population was the first and only known instance of Pilosocereus millspaughii in the U.S.

By then, it was succumbing to some of the same environmental pressures that had plagued its relative, the Key tree cactus, over the last century. The latter was once common throughout the Florida Keys, but its numbers dipped dangerously low as more people moved to the area.

Writing in 1917, botanist John Small noted that the Key tree cactus "was for a long time very abundant [on Key West]...In recent years, with the destruction of the hammock for securing firewood and for developing building sites, this interesting cactus has become scarce, until at present it is on the verge of extermination in its natural habitat."

The Key tree cactus was listed as federally endangered in 1984, but its numbers continued to wane. Between 1994 and 2007, it decreased by 84%.




Researchers at Fairchild began monitoring all of the tree cactus populations annually in 2007, working in tandem with local land managers. One Fairchild-led study showed that salt levels were higher in soil beneath dead vs. living cacti in the years following a storm surge event in the Lower Keys, drawing a clear connection between mortality and increased salinity.

Researchers also initiated a robust conservation collection for these species. Potted cacti are grown at a facility in Coral Gables, Florida, and seeds from both wild and cultivated plants are carefully banked for long-term conservation.

Researchers study and rescue the remnants of a dwindling stock

The Key Largo tree cactus grew on a low limestone outcrop surrounded by mangroves near the shore. The site originally had a distinct layer of soil and organic matter that allowed the cactus and other plants to grow, but storm surge from hurricanes and exceptionally high tides eroded away this material until there wasn't much left.

Salt-tolerant plants that had been previously restricted to brackish soils beneath the mangroves slowly began creeping up the outcrop, an indication that salt levels were increasing.

Given enough time, these changing conditions would likely have killed the cactus. But other incidents occurred that hastened the pace.

"We noticed the first big problem in 2015," said study co-author James Lange, a research botanist at Fairchild. When he and his colleagues arrived to evaluate the plants that year, half of the cacti had died, apparently as a result of an alarming amount of herbivory. Cacti store reserves of water in their succulent stems, which allows them to survive for long periods of time without rain. This makes them enticing to animals when other sources of water are scarce.

"In 2011, we started seeing saltwater flooding from king tides in the area," Lange said, referring to particularly high ocean tides. "That limits the amount of freshwater available to small mammals and might be related to why the herbivores targeted this cactus, but we can't say for sure. We'd never seen cactus herbivory like this anywhere in the Lower Keys, where flooding has tended to be less extensive."

The team set out cameras in hopes of finding the culprit, but whatever it was did not return, and there was no evidence of significant herbivory thereafter. Yet, when the team came back the following year, roughly another 50% of the population had died. In response, staff from Fairchild and the Florida Department of Environmental Protection took a few cuttings of what remained to grow in greenhouses.

In 2017, category 5 Hurricane Irma swept across South Florida, creating a 5-foot storm surge. The highest point on Key Largo is only 15 feet above sea level, and large portions of the island remained flooded for days afterward. Once the storm had passed, the Fairchild team conducted triage with several cactus populations throughout the Keys, removing branches that had fallen on cacti and salvaging other ill-fated material. Conditions were so extreme that biologists had to put out kiddie pools of freshwater to keep local wildlife alive.

Exacerbating the already degrading Key Largo tree cactus habitat, king tides in 2019 left large portions of the island, including the extremely low-lying outcrop, flooded for over three months.

By 2021, there were only six Key Largo tree cactus stems left. As it was clear the population wasn't going to survive, the team allowed the plants to flower and fruit for the remainder of the year, then salvaged all remaining green material and replanted it in greenhouses or controlled settings outdoors. At present, researchers know of no naturally growing Key Largo cacti in the United States.

"We have tentative plans with the Florida Department of Environmental Protection to replant some in the wild," Possley said.

Similar efforts are responsible, in large part, for the continued existence of the related Key tree cactus in Florida. "The amount of reintroduced material of this species is already more than the amount of wild material that's left," Possley said.

But, she added, this may end up being more of a stopgap than a solution. Environments suitable for tree cacti are disappearing along with the plants they support. "It's generally a fringe between the mangroves and upland hammocks called thorn scrub, and there just aren't many places like that left where we can put reintroduced populations."

The decline of the Key Largo tree cactus and the necessity of its removal has given researchers an idea of what to expect in the future as species contend with a rapidly warming world. Instead of a smooth, predictable rise in sea or salt levels, the reality of climate change is messier and manifests itself in a complex series of related events that put additional pressure on species that are already stressed.

"We are on the front lines of biodiversity loss," said study co-author George Gann, executive director for the Institute for Regional Conservation. "Our research in South Florida over the past 25 years shows that more than one-in-four native plant species are critically threatened with regional extinction or are already extirpated due to habitat loss, over collecting, invasive species and other drivers of degradation. More than 50 are already gone, including four global extinctions."
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Groundbreaking study reveals oceanic seabirds chase tropical cyclones | ScienceDaily

"Initial studies suggested that seabirds either circumnavigate cyclones or seek refuge in the calm eye of the storm. However, the Desertas Petrels we tracked did neither; instead, one-third of them followed the cyclone for days, covering thousands of kilometers," stated Francesco Ventura, lead author and a Postdoc Investigator in Biology at the Woods Hole Oceanographic Institution (WHOI). "When we saw the data, we nearly fell off our chairs. This is the first time we have observed this behavior."

"It's striking how well the birds know how to exploit the large-scale wind conditions over the North Atlantic for their travels," said Caroline Ummenhofer, Associate Scientist, Physical Oceanography, at WHOI. "When you overlay the petrels' foraging trips on top of average winds, it's a very close match."

The Desertas Petrels nest on the Bugio Island in Portugal, located off the western coast of North Africa. This island hosts the only known nesting colony of these pigeon-sized seabirds in the world, with fewer than 200 pairs residing on a plateau surrounded by steep cliffs. During their six-month breeding season, Desertas Petrels embark on extraordinary foraging journeys, often spending weeks at sea and flying roundtrips up to 7,500 miles across the Atlantic in search of food. They belong to the genus Pterodroma, which means "wings on the run."

"We correlated the birds' locations with intensifying storm conditions, including waves up to 8 meters high and wind speeds of 100 kilometers per hour," said Ventura. "Upon encountering strong winds, the birds reduced ground speed, likely by spending less time in flight to avoid injury to their wings. In addition, the wakes of the storms provided predictably favorable wind conditions with higher tailwind support than alternative routes. Impressively, none of the birds we tracked were harmed by the storms and there was no incidence of nest desertion."

The petrels pursue small fish, squid, and crustaceans that typically dwell at depths of 600 to 3,000 feet. Since they cannot dive to such depths, these seabirds have to wait until nightfall when their prey ascends closer to the surface.

"As we've now discovered, Desertas Petrels follow hurricanes where prey have accumulated closer to the surface in the wakes of the storms," said Ummenhofer.




The study shows that cyclone wakes provided enhanced foraging conditions, with sharp drops in sea surface temperature and striking increases in surface chlorophyll. These changes suggest enhanced ocean mixing and productivity, which presumably increase prey abundance and accessibility for surface-feeding petrels.

"One of the interesting aspects of the interaction of a tropical cyclone and the ocean is the intense vertical mixing in the upper ocean layers caused by very strong winds and huge breaking seas," said Philip Richardson, Emeritus, Physical Oceanography at WHOI and a co-author on the paper. "The cyclonic winds can cause a divergence in the upper layer that moves cooler, deeper water toward the surface."

"The cyclones present a highly valuable foraging opportunity for Desertas Petrels because the storms churn up mesopelagic prey from deep within the vertical column, giving the seabirds an easy meal at the surface," explained Ventura. "While storms are typically seen as destructive, particularly in coastal areas, our research reveals that functional perturbance driven by storms can create new opportunities. We're advancing our understanding of how petrels navigate the open ocean to find food."

"We now have a fresh perspective on hurricanes' impact on marine ecosystems through the eyes of an apex predator," said Ummenhofer. "This study provides valuable insights into the resilience and foraging strategies of pelagic seabirds in the face of extreme weather events."

While cyclones are known to dramatically affect oceanic and coastal ecosystems, their impacts on pelagic marine life are poorly understood. This research reveals how higher predators like Desertas Petrels adapt their foraging strategies in the dynamic ocean environment and utilize cyclone-induced oceanographic changes to their advantage.

This research was made possible by the WHOI Postdoctoral Scholar Program with funding from the John E. Sawyer Fund and the John H. Steele Endowment and The Andrew W. Mellon Foundation Endowed Fund for Innovative Research at WHOI.
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Ancient large kangaroo moved mainly on four legs, according to new research | ScienceDaily
A type of extinct kangaroo that lived during the Pleistocene around two and a half million to ten thousand years ago, known as the 'giant wallaby', was a poor hopper, a study by scientists at the University of Bristol have found.


						
Several large key species of kangaroo, all bigger than modern kangaroos and known as Protemnodon, were previously assumed to have hopped, despite their size. However findings, published today in the Journal of Mammalian Evolution, show that they were mainly quadrupedal and likely used four legs to move around most of the time.

Lead author Billie Jones, a former Masters student in the Bristol Paleobiology programme explained: "There had been some speculation in a graduate thesis from the University of Uppsala that it might have been more quadrupedal in its habits compared to living kangaroos.

"This new paper draws on a couple of previous quantitative studies that looked at the anatomy of the humerus (upper arm bone) in a diversity of mammals, and concluded that Protemnodon habitually put more weight on its forelimbs than kangaroos today."

Previous research has shown that the ankle bones of Protemnodon were unsuited to withstand the stresses of hopping.

The team showed that the limb proportions of Protemnodon were quite unlike that of any living kangaroos, especially the short feet, backing up the proposal that it was mainly quadrupedal, rather than a dedicated hopper like living large kangaroos.

This new paper is a quantitative study of limb proportions, plus a more qualitative discussion of some other aspects of the anatomy, in an attempt to confirm the locomotion of this extinct animal.

This provides further evidence that the taxonomic diversity of large kangaroos in the Pleistocene of Australia was matched by a locomotor diversity. Supervisor Professor Christine Janis of Bristol's School of Earth Sciences had already shown that extinct sthenurines -- a separate subfamily of kangaroos -- were bipedal striders rather than hoppers. This locomotor diversity suggests a greater variety of habitats in the Australian Pleistocene than previously considered, with the continent not as arid as it is currently.

Professor Janis added: "A study of the limb bones, and the bone proportions to each other, show that the so-called extinct 'giant wallaby', Protemnodon, was likely a poor hopper at best, and probably moved mostly quadrupedally, perhaps bounding on all fours like tree-kangaroos do on the ground."

Billie Jones won both the David Dineley Prize and the Curry Prize for this thesis.
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Run screaming or slow retreat? New study advances understanding of brain responses to emotionally-charged scenes | ScienceDaily
The ability to recognise and respond to emotionally-charged situations is essential to a species' evolutionary success. A new study published today [July 9th] in Nature Communications advances our understanding of how the brain responds to emotionally charged objects and scenes.


						
The research, led by Trinity College Dublin neuroscientist Prof. Sonia Bishop and Google researcher Samy Abdel-Ghaffar while he was a PhD student in Prof. Bishop's lab at UC Berkeley, has identified how the brain represents different categories of emotional stimuli in a way that allows for more than a simple 'approach avoid' dichotomy when guiding behavioural responses. The research was funded by the National Institutes of Health, USA.

Sonia Bishop, now Chair of Psychology, in Trinity's School of Psychology and senior author of the paper explains: "It is hugely important for all species to be able to recognise and respond appropriately to emotionally salient stimuli, whether that means not eating rotten food, running from a bear, approaching an attractive person in a bar or comforting a tearful child.

"How the brain enables us to respond in a nuanced way to emotionally-charged situations and stimuli has long been of interest. But, little is known about the how the brain stores schemas or neural representations to support the nuanced behavioural choices we make in response to emotional natural stimuli.

"Neuroscience studies of motivated behaviour often focus on simple approach or avoidance behaviours -- such as lever pressing for food or changing locations to avoid a shock. However, when faced with natural emotional stimuli, humans don't simply choose between 'approach' or 'avoid'. Rather they select from a complex range of suitable responses. So, for example, our 'avoid' response to a large bear (leave the area ASAP) is different to our 'avoid' response to a weak, diseased, animal (don't get too close). Similarly our 'approach' response to the positive stimuli of a potential mate differs to our 'approach' reaction to a cute baby.

"Our research reveals that the occipital temporal cortex is tuned not only to different categories of stimuli but it also breaks down these categories based on their emotional characteristics in a way that is well suited to guide selection between alternate behaviours."

The research team from Trinity College Dublin, University of California Berkeley, University of Texas at Austin, Google and University of Nevada Reno, analysed the brain activity of a small group of volunteers when viewing over 1,500 images depicting natural emotional scenes such as a couple hugging, an injured person in a hospital bed, a luxurious home, and an aggressive dog.




Participants were asked to categorise the images as positive, negative or neutral and to also rate the emotional intensity of the images. A second group of participants picked the behavioural responses that best matched each scene.

Using cutting-edge modelling of brain activity divided into tiny cubes (of under 3mm3) the study discovered that the occipital temporal cortex (OTC), a region at the back of the brain, is tuned to represent both the type of stimulus (single human, couple, crowd, reptile, mammal, food, object, building, landscape etc.) and the emotional characteristics of the stimulus -- whether it's negative, positive or neutral and also whether it's high or low in emotional intensity.

Machine learning showed that these stable tuning patterns were more efficient in predicting the behaviours matched to the images by the second group of participants than could be achieved by applying machine learning directly to image features -- suggesting that the OTC efficiently extracts and represents the information needed to guide behaviour.

Samy Abdel-Ghaffar, Google, commented: "For this project we used Voxel-Wise Modeling, which combines machine learning methods, large datasets and encoding models, to give us a much more fine-grained understanding of what each part of the OTC represents than traditional neuroimaging methods. This approach let us explore the intertwined representation of categorical and emotional scene features, and opened the door to novel understanding of how OTC representations predict behaviour."

Prof. Bishop added: "These findings expand our knowledge of how the human brain represents emotional natural stimuli. In addition, the paradigm used does not involve a complex task making this approach suitable in the future, for example, to further understanding of how individuals with a range of neurological and psychiatric conditions differ in processing emotional natural stimuli."

More about the study method:

The team used a novel large dataset of 1,620 emotional natural images and conducted functional magnetic resonance imaging with adult human volunteers, acquiring over 3,800 3D pictures of brain activity while participants viewed these images. Participants judged these images on valence (positive, negative or neutral) and arousal (or emotional intensity).

Modelling this data using small 2.4x2.4x3mm chunks or 'voxels' of brain activity, the researchers found that regions of occipital temporal cortex, in the back of the brain, showed differential representation of both stimulus semantic category and affective value. For example, positive high arousal faces were represented in slightly different regions to negative high arousal faces and neutral low arousal faces.

Furthermore, when a completely new set of participants were asked to select behaviours that went with each image, the top dimensions of this neural coding representational 'space' better predicted the behaviours selected than the top dimensions based directly on image features (for example is the stimulus animate-positive?). This suggests that the brain chooses which information is important or not important to represent and hold stable representations of sub-categories of animate and inanimate stimuli that integrate affective information and are optimally organised to support the selection of behaviours to different types of emotional natural stimuli.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240709121708.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Brain neurotransmitter receptor antagonist found to prevent opioid addiction in mice | ScienceDaily
New research led by UCLA Health has found a drug that treats insomnia works to prevent the addictive effects of the morphine opioids in mice while still providing effective pain relief.


						
The study, published in the journal Nature Mental Health, concluded that suvorexant, which blocks brain receptors for a neurotransmitter called hypocretin, prevents opioid addiction. At high doses in humans, suvorexant induces sleep and is used to treat insomnia. But sleep was not induced, and behavioral alertness was maintained, at the much lower doses effective in preventing opioid addiction in mice.

Hypocretin, also called orexin, is a peptide that is linked to mood, with hypocretin release in humans being maximal during pleasurable activities and minimal during pain or sadness. The loss of hypocretin neurons is the cause of narcolepsy, which is thought to be an autoimmune disease. People with narcolepsy and mice made narcoleptic have a greatly diminished susceptibility to opiate addiction.

Researchers have found both humans addicted to heroin and mice addicted to morphine develop higher numbers of hypocretin producing neurons. Morphine causes hypocretin neurons to increase their anatomical connections to pleasure related brain regions.

The latest study in mice found that administering opioids with suvorexant prevents opioid-induced changes in hypocretin neurons, prevents hypocretin neurons from increasing their connections to the brain's reward related regions, greatly reduces opioid induced brain inflammation and prevents addictive behavior, such as running in mice expecting to receive their daily morphine dose. Suvorexant given with morphine also greatly reduces morphine withdrawal symptoms, according to the study.

"The annual US rate of opioid overdose deaths now exceeds 80,000, greater than the annual rates of automobile or gun deaths," said the study's senior author, Dr. Jerome Siegel of UCLA Health's Jane & Terry Semel Institute for Neuroscience and Human Behavior, the UCLA Brain Research Institute and U.S. Department of Veterans Affairs. "Non-opioid analgesics are able to relieve relatively minor pain. But severe burns, cancer, joint inflammation, sickle cell disease, bone damage and many other painful conditions often cannot be effectively treated with non-opioid analgesics.

"Further studies are needed to determine if the addiction suppressive results seen in mice given suvorexant with morphine are also seen in humans, potentially allowing safer, more effective treatment of pain without the risk of addiction and opioid overdose death," Siegel continued

The study included 170 mice that were administered morphine for 14-day periods, 5 postmortem brains of humans with opiate use disorder and 5 control human brains. Trials are necessary to determine whether suvorexant will be as effective in suppressing addiction in humans using opioids for pain relief as it is in mice, Siegel said.

"The annual US rate of opioid overdose deaths now exceeds 80,000, greater than the annual rates of automobile or gun deaths," Siegel said. "Non-opioid analgesics are able to relieve relatively minor pain. But severe burns, cancer, joint inflammation, sickle cell disease, bone damage and many other painful conditions often cannot be effectively treated with non-opioid analgesics.

"Further studies are needed to determine if the addiction suppressive results seen in mice given suvorexant with morphine are also seen in humans, potentially allowing safer, more effective treatment of pain without the risk of addiction and opioid overdose death," Siegel continued.
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Key electronic device developed for the massive arrival of 6G networks | ScienceDaily
UAB researchers were involved in the development of a switch, an essential device in telecommunications, capable of operating at very high frequency with lower power consumption than conventional technologies. The technology has applications in the new 6G mass communication systems and is more sustainable in terms of energy consumption than current devices. The study was published recently in Nature Electronics.


						
An indispensable element for controlling signals in electronic communication devices is the switch, whose function is to allow an electrical signal to pass (ON state) or to block it (OFF state). The fastest elements currently used to perform this function are silicon-based (the so-called RF silicon-on-insulator MOSFET switches) and operate using signals with frequencies of tens of gigahertz (GHz). However, they are volatile, i.e., they require a constant power source to maintain the ON state. To improve current communication systems and meet the demand for increasingly faster communications that will involve the Internet of Things (IoT) and the popularisation of virtual reality, it is necessary to increase the frequency of the signals with which these elements are able to act, and improve their performance.

An international collaboration involving researchers from the UAB Department of Telecommunications and Systems Engineering has developed a switch that, for the first time, is capable of performing at twice the operating frequency of current silicon-based devices, with a frequency range of up to 120 GHz, and without the need to apply a constant voltage.

The new switch uses a non-volatile material, called hBN (Hexagonal Boron Nitride), which allows its ON or OFF state to be activated by applying an electrical voltage pulse instead of a constant signal. In this way, the energy savings that can be attained are very significant.

"Our research team from the Department of Telecommunications and Systems Engineering at the UAB was involved in the design of the devices and their experimental characterisation in the laboratory," explains researcher Jordi Verdu. "For the first time we have been able to demonstrate the operation of a switch based on hBN, a non-volatile material, in a frequency range of up to 120 GHz, which suggests the possibility of using this technology in the new 6G mass communications systems, where a very high number of these elements will be required." For Verdu, this is a "very important contribution, not only from the point of view of device performance, but also towards a much more sustainable technology in terms of energy consumption."

These devices work thanks to the property of memristance, the change in electrical resistance of a material when a voltage is applied. Until now, very fast switches had been developed experimentally from memristors (devices with memristance) created with two-dimensional networks of hexagonal boron nitride (hBN) bonded together to form a surface. With this arrangement, the device frequency could reach up to 480 GHz, but only for 30 cycles, i.e., with no practical application. The new proposal uses the same material, but arranged in a superposition of layers (between 12 and 18 layers in total) that can operate at 260 GHz and with a sufficiently high stability of about 2000 cycles to be implemented in electronic devices.

The research, recently published in the journal Nature Electronics, was coordinated by the King Abdullah University of Science and Technology (KAUST) in Saudi Arabia, with the involvement of researchers from the Department of Telecommunications and Systems Engineering at the UAB Jordi Verdu, Eloi Guerrero, Lluis Acosta and Pedro de Paco, as well as researchers from the University of Texas at Austin (USA), the Tyndall National Institute and University College Cork (both in Ireland).
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Life underground suited newly discovered dinosaur fine | ScienceDaily
The age of dinosaurs wasn't conducted solely above ground. A newly discovered ancestor of Thescelosaurus shows evidence that these animals spent at least part of their time in underground burrows. The new species contributes to a fuller understanding of life during the mid-Cretaceous -- both above and below ground.


						
The new dinosaur, Fona [/Foat'NAH/] herzogae lived 99 million years ago in what is now Utah. At that time, the area was a large floodplain ecosystem sandwiched between the shores of a massive inland ocean to the east and active volcanoes and mountains to the west. It was a warm, wet, muddy environment with numerous rivers running through it.

Paleontologists from North Carolina State University and the North Carolina Museum of Natural Sciences unearthed the fossil -- and other specimens from the same species -- in the Mussentuchit Member of the Cedar Mountain Formation, beginning in 2013. The preservation of these fossils, along with some distinguishing features, alerted them to the possibility of burrowing.

Fona was a small-bodied, plant-eating dinosaur about the size of a large dog with a simple body plan. It lacks the bells and whistles that characterize its highly ornamented relatives such as horned dinosaurs, armored dinosaurs, and crested dinosaurs. But that doesn't mean Fona was boring.

Fona shares several anatomical features with animals known for digging or burrowing, such as large bicep muscles, strong muscle attachment points on the hips and legs, fused bones along the pelvis -- likely to help with stability while digging -- and hindlimbs that are proportionally larger than the forelimbs. But that isn't the only evidence that this animal spent time underground.

"The bias in the fossil record is toward bigger animals, primarily because in floodplain environments like the Mussentuchit, small bones on the surface will often scatter, rot away, or become scavenged before burial and fossilization," says Haviv Avrahami, Ph.D. student at NC State and digital technician for the new Dueling Dinosaurs program at the North Carolina Museum of Natural Sciences. Avrahami is first author of the paper describing the work.

"But Fona is often found complete, with many of its bones preserved in the original death pose, chest down with splayed forelimbs, and in exceptionally good condition," Avrahami says. "If it had already been underground in a burrow before death, it would have made this type of preservation more likely."

Lindsay Zanno, associate research professor at NC State, head of paleontology at the North Carolina Museum of Natural Sciences and corresponding author of the work, agrees.




"Fona skeletons are way more common in this area than we would predict for a small animal with fragile bones," Zanno says. "The best explanation for why we find so many of them, and recover them in small bundles of multiple individuals, is that they were living at least part of the time underground. Essentially, Fona did the hard work for us, by burying itself all over this area."

Although the researchers have yet to identify the subterranean burrows of Fona, the tunnels and chamber of its closest relative, Oryctodromeus, have been found in Idaho and Montana. These finds support the idea that Fona also used burrows.

The genus name Fona comes from the ancestral creation story of the Chamorro people, who are the indigenous populations of Guam and the Pacific Mariana Islands. Fo'na and Pontan were brother and sister explorers who discovered the island and became the land and sky. The species name honors Lisa Herzog, the paleontology operations manager at the North Carolina Museum of Natural Sciences, for her invaluable contributions and dedication to the field of paleontology.

"I wanted to honor the indigenous mythology of Guam, which is where my Chamorro ancestors are from," Avrahami says. "In the myth, Fo'na became part of the land when she died, and from her body sprung forth new life, which to me, ties into fossilization, beauty, and creation. Fona was most likely covered in a downy coat of colorful feathers. The species name is for Lisa Herzog, who has been integral to all this work and discovered one of the most exceptional Fona specimens of several individuals preserved together in what was likely a burrow."

Fona is also a distant relative of another famous North Carolina fossil: Willo, a Thescelosaurus neglectus specimen currently housed at the museum and also thought to have adaptations for a semifossorial -- or partially underground -- lifestyle, research that was published late in 2023 by Zanno and former NC State postdoctoral researcher David Button.

"T. neglectus was at the tail end of this lineage -- Fona is its ancestor from about 35 million years prior," Avrahami says.




The researchers believe Fona is key to expanding our understanding of Cretaceous ecosystems.

"Fona gives us insight into the third dimension an animal can occupy by moving underground," says Avrahami. "It adds to the richness of the fossil record and expands the known diversity of small-bodied herbivores, which remain poorly understood despite being incredibly integral components of Cretaceous ecosystems."

"People tend to have a myopic view of dinosaurs that hasn't kept up with the science," Zanno says. "We now know that dinosaur diversity ran the gamut from tiny arboreal gliders and nocturnal hunters, to sloth-like grazers, and yes, even subterranean shelterers."

The work appears in The Anatomical Record. Peter Makovicky of the University of Minnesota and Ryan Tucker of Stellenbosch University also contributed to the work.
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Brain-imaging study reveals curiosity as it emerges | ScienceDaily
You look up into the clear blue sky and see something you can't quite identify. Is it a balloon? A plane? A UFO? You're curious, right?


						
A research team based at Columbia's Zuckerman Institute has for the first time witnessed what is happening in the human brain when feelings of curiosity like this arise. In a study published in the Journal of Neuroscience, the scientists revealed brain areas that appear to assess the degree of uncertainty in visually ambiguous situations, giving rise to subjective feelings of curiosity.

"Curiosity has deep biological origins," said corresponding author Jacqueline Gottlieb, PhD, a principal investigator at the Zuckerman Institute. The primary evolutionary benefit of curiosity, she added, is to encourage living things to explore their world in ways that help them survive.

"What distinguishes human curiosity is that it drives us to explore much more broadly than other animals, and often just because we want to find things out, not because we are seeking a material reward or survival benefit," said Dr. Gottlieb, who is also a professor of neuroscience at Columbia's Vagelos College of Physicians and Surgeons. "This leads to a lot of our creativity."

Joining Dr. Gottlieb on the research were Michael Cohanpour, PhD, a former graduate student at Columbia (now a data scientist with dsm-firmenich), and Mariam Aly, PhD, also previously at Columbia and now an acting associate professor of psychology at the University of California, Berkeley.

In the study, researchers employed a noninvasive, widely used technology to measure changes in the blood-oxygen levels in the brains of 32 volunteers. Called functional magnetic resonance imaging, or fMRI, the technology enabled the scientists to record how much oxygen different parts of the subjects' brains consumed as they viewed images. The more oxygen a brain region consumes, the more active it is.

To unveil those brain areas involved in curiosity, the research team presented participants with special images known as texforms. These are images of objects, such as a walrus, frog, tank or hat, that have been distorted to various degrees to make them more or less difficult to recognize.




The researchers asked participants to rate their confidence and curiosity about each texform, and found that the two ratings were inversely related. The more confident subjects were that they knew what the texform depicts, the less curious they were about it. Conversely, the less confident subjects were that they could guess what the texform was, the more curious they were about it.

Three pairs of texforms showing unrecognizable and clear versions of objects. (Credit: Gottlieb Lab/Columbia's Zuckerman Institute)

Using fMRI, the researchers then viewed what was happening in the brain as the subjects were presented with texforms. The brain-scan data showed high activity in the occipitotemporal cortex (OTC), a region located just above your ears, which has long been known to be involved in vision and in recognizing categories of objects. Based on previous studies, the researchers expected that when they presented participants with clear images, this brain region would show distinct activity patterns for animate and inanimate objects. "You can think of each pattern as a 'barcode' identifying the texform category," Dr. Gottlied said.

The researchers used these patterns to develop a measure, which they dubbed "OTC uncertainty," of how uncertain this cortical area was about the category of a distorted texform. They showed that, when subjects were less curious about a texform, their OTC activity corresponded to only one barcode, as if it clearly identified whether the image belonged to the animate or the inanimate category. In contrast, when subjects were more curious, their OTC had characteristics of both barcodes, as if it could not clearly identify the image category.

Also active during the texform presentations were two regions in the front of the brain. One is the anterior cingulate cortex, which previous studies implicated in information gathering. The other is the ventromedial prefrontal cortex (vmPFC), which is involved in monitoring a person's subjective perceptions of value and confidence about different situations. In the new study, both areas were more active when subjects reported being more confident in knowing a texform's identity (and thus, less curious to see the clarified image).

This is really the first time we can link the subjective feeling of curiosity about information to the way your brain represents that information.




Importantly, said Dr. Gottlieb, vmPFC activity seemed to provide a neurological bridge between the subjective feeling of curiosity and the OTC certainty measure. It's as though this region read out the uncertainty encoded by the distributed activity pattern in the OTC and helped a person decide if they needed to be curious about the texform.

"This is really the first time we can link the subjective feeling of curiosity about information to the way your brain represents that information," Dr. Gottlieb said.

The study has two important implications, Dr. Gottlieb said. First, although the study focused on perceptual curiosity elicited by visual stimuli, people experience other forms of curiosity, such as curiosity about trivia questions and factual matters (i.e. how tall is the Eiffel tower?) or social curiosity (which restaurant did my friends go to last night?). One intriguing possibility of the study, she noted, is that the mechanism it has uncovered may generalize to other forms of curiosity. For example, an fMRI study investigating sounds of varying recognizability may show that auditory areas in the brain convey the uncertainty regarding the sound and the vmPFC reads out this uncertainty to determine curiosity.

A second possibility on Dr. Gottlieb's mind is that the findings could have diagnostic and even therapeutic implications for those with depression, apathy or anhedonia (the inability to feel pleasure), which are conditions often marked by a lack of curiosity.

"Curiosity entails a sort of enthusiasm, a willingness to expend energy and investigate your surroundings. And it's intrinsically motivated, meaning that nobody is paying you to be curious; you are curious merely based on the hope that something good will come when you learn," Dr. Gottlieb said. "Those are just some of the amazing things about curiosity."
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Stench of a gas giant? Nearby exoplanet reeks of rotten eggs, and that's a good thing | ScienceDaily
An exoplanet infamous for its deadly weather has been hiding another bizarre feature -- it reeks of rotten eggs, according to a new Johns Hopkins University study of data from the James Webb Space Telescope.


						
The atmosphere of HD 189733 b, a Jupiter-sized gas giant, has trace amounts of hydrogen sulfide, a molecule that not only gives off a stench but also offers scientists new clues about how sulfur, a building block of planets, might influence the insides and atmospheres of gas worlds beyond the solar system.

The findings are published today in Nature.

"Hydrogen sulfide is a major molecule that we didn't know was there. We predicted it would be, and we know it's in Jupiter, but we hadn't really detected it outside the solar system," said Guangwei Fu, an astrophysicist at Johns Hopkins who led the research. "We're not looking for life on this planet because it's way too hot, but finding hydrogen sulfide is a stepping stone for finding this molecule on other planets and gaining more understanding of how different types of planets form."

In addition to detecting hydrogen sulfide and measuring overall sulfur in HD 189733 b's atmosphere, Fu's team precisely measured the main sources of the planet's oxygen and carbon -- water, carbon dioxide, and carbon monoxide.

"Sulfur is a vital element for building more complex molecules, and -- like carbon, nitrogen, oxygen, and phosphate -- scientists need to study it more to fully understand how planets are made and what they're made of," Fu said.

At only 64 light-years from Earth, HD 189733 b is the nearest "hot Jupiter" astronomers can observe passing in front of its star, making it a benchmark planet for detailed studies of exoplanetary atmospheres since its discovery in 2005, Fu said.




The planet is about 13 times closer to its star than Mercury is to the sun and takes only about two Earth days to complete an orbit. It has scorching temperatures of 1,700 degrees Fahrenheit and is notorious for vicious weather, including raining glass that blows sideways on winds of 5,000 mph.

As it did by detecting water, carbon dioxide, methane, and other critical molecules in other exoplanets, Webb gives scientists yet another new tool to track hydrogen sulfide and measure sulfur in gas planets outside the solar system.

"Say we study another 100 hot Jupiters and they're all sulfur enhanced. What does that mean about how they were born and how they form differently compared to our own Jupiter?" Fu said.

The new data also ruled out the presence of methane in HD 189733 b with unprecedented precision and infrared wavelength observations from the Webb telescope, countering previous claims about that molecule's abundance in the atmosphere.

"We had been thinking this planet was too hot to have high concentrations of methane, and now we know that it doesn't," Fu said.

The team also measured levels of heavy metals like those on Jupiter, a finding that could help scientists answer questions about how a planet's metallicity correlates to its mass, Fu said.




Less-massive giant icy planets like Neptune and Uranus contain more metals than those found in gas giants like Jupiter and Saturn, the largest planets in the solar system. The higher metallicities suggest Neptune and Uranus accumulated more ice, rock, and other heavy elements relative to gases like hydrogen and helium during early periods of formation. Scientists are testing whether that correlation also holds true for exoplanets, Fu said.

"This Jupiter-mass planet is very close to Earth and has been very well studied. Now we have this new measurement to show that indeed the metal concentrations it has provide a very important anchor point to this study of how a planet's composition varies with its mass and radius," Fu said. "The findings support our understanding of how planets form through creating more solid material after initial core formation and then are naturally enhanced with heavy metals."

In coming months, Fu's team plans to track sulfur in more exoplanets and figure out how high levels of that compound might influence how close they form near their parent stars.

"We want to know how these kinds of planets got there, and understanding their atmospheric composition will help us answer that question," Fu said.

This research was supported by NASA through the JWST GO program.

Other authors are Luis Welbanks, Dana R. Louie, and Michael Line of Arizona State University; Drake Deming, Jegug Ih, Arjun B. Savel, Eliza M.-R. Kempton, and Matt Nixon of University of Maryland; Julie Inglis and Heather A. Knutson of California Institute of Technology; Michael Zhang of University of Chicago; Joshua Lothringer of Utah Valley University; Julianne I. Moses and Gregory Henry of Tennessee State University; Everett Schlawin of University of Arizona; David K. Sing of Johns Hopkins; and Thomas Greene of NASA Ames Research Center.
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New extremely fast carbon storage technology | ScienceDaily
A new way to store carbon captured from the atmosphere developed by researchers from The University of Texas at Austin works much faster than current methods without the harmful chemical accelerants they require.


						
In new research published in ACS Sustainable Chemistry & Engineering, the team developed a technique for ultrafast formation of carbon dioxide hydrates. These unique ice-like materials can bury carbon dioxide in the ocean, preventing it from being released into the atmosphere.

"We're staring at a huge challenge -- finding a way to safely remove gigatons of carbon from our atmosphere -- and hydrates offer a universal solution for carbon storage. For them to be a major piece of the carbon storage pie, we need the technology to grow them rapidly and at scale," said Vaibhav Bahadur, a professor in the Walker Department of Mechanical Engineering who led the research. "We've shown that we can quickly grow hydrates without using any chemicals that offset the environmental benefits of carbon capture."

Carbon dioxide is the most common greenhouse gas and a major driver of climate change. Carbon capture and sequestration takes carbon out of the atmosphere and stores it permanently. And it is seen as a critical aspect of decarbonizing our planet.

Today, the most common carbon storage method involves injecting carbon dioxide into underground reservoirs. This technique has the dual benefits of trapping carbon and also increasing oil production.

However, this technique faces significant issues, including carbon dioxide leakage and migration, groundwater contamination and seismic risks associated with injection. Many parts of the world also lack suitable geologic features for reservoir injection.

Hydrates represent a "plan B" for gigascale carbon storage, Bahadur said, but they could become "plan A" if some of the main issues can be overcome. Until now, the process of forming these carbon-trapping hydrates has been slow and energy-intensive, holding it back as a large-scale means of carbon storage.




In this new study, the researchers achieved a sixfold increase in the hydrate formation rate compared with previous methods. The speed combined with the chemical-free process make it easier to use these hydrates for mass-scale carbon storage.

Magnesium represents the "secret sauce" in this research, acting as a catalyst that eliminates the need for chemical promoters. This is aided by high flow rate bubbling of CO2 in a specific reactor configuration. This technology works well with seawater, which makes it easier to implement because it doesn't rely on complex desalination processes to create fresh water.

"Hydrates are attractive carbon storage options since the seabed offers stable thermodynamic conditions, which protects them from decomposing." Bahadur said. "We are essentially making carbon storage available to every country on the planet that has a coastline; this makes storage more accessible and feasible on a global scale and brings us closer to achieving a sustainable future."

The implications of this breakthrough extend beyond carbon sequestration. Ultrafast formation of hydrates has potential applications in desalination, gas separation and gas storage, offering a versatile solution for various industries. 

The researchers and UT have filed for a pair of patents related to the technology, and the team is considering a startup to commercialize it.
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Weaker ocean circulation could enhance carbon dioxide buildup in the atmosphere, study finds | ScienceDaily
As climate change advances, the ocean's overturning circulation is predicted to weaken substantially. With such a slowdown, scientists estimate the ocean will pull down less carbon dioxide from the atmosphere. However, a slower circulation should also dredge up less carbon from the deep ocean that would otherwise be released back into the atmosphere. On balance, the ocean should maintain its role in reducing carbon emissions from the atmosphere, if at a slower pace.


						
However, a new study by an MIT researcher finds that scientists may have to rethink the relationship between the ocean's circulation and its long-term capacity to store carbon. As the ocean gets weaker, it could release more carbon from the deep ocean into the atmosphere instead.

The reason has to do with a previously uncharacterized feedback between the ocean's available iron, upwelling carbon and nutrients, surface microorganisms, and a little-known class of molecules known generally as "ligands." When the ocean circulates more slowly, all these players interact in a self-perpetuating cycle that ultimately increases the amount of carbon that the ocean outgases back to the atmosphere.

"By isolating the impact of this feedback, we see a fundamentally different relationship between ocean circulation and atmospheric carbon levels, with implications for the climate," says study author Jonathan Lauderdale, a research scientist in MIT's Department of Earth, Atmospheric, and Planetary Sciences. "What we thought is going on in the ocean is completely overturned."

Lauderdale says the findings show that "we can't count on the ocean to store carbon in the deep ocean in response to future changes in circulation. We must be proactive in cutting emissions now, rather than relying on these natural processes to buy us time to mitigate climate change."

His study will appear in the journal Nature Communications.

Box flow

In 2020, Lauderdale led a study that explored ocean nutrients, marine organisms, and iron, and how their interactions influence the growth of phytoplankton around the world. Phytoplankton are microscopic, plant-like organisms that live on the ocean surface and consume a diet of carbon and nutrients that upwell from the deep ocean and iron that drifts in from desert dust.




The more phytoplankton that can grow, the more carbon dioxide they can absorb from the atmosphere via photosynthesis, and this plays a large role in the ocean's ability to sequester carbon.

For the 2020 study, the team developed a simple "box" model, representing conditions in different parts of the ocean as general boxes, each with a different balance of nutrients, iron, and ligands -- organic molecules that are thought to be byproducts of phytoplankton. The team modeled a general flow between the boxes to represent the ocean's larger circulation -- the way seawater sinks, then is buoyed back up to the surface in different parts of the world.

This modeling revealed that, even if scientists were to "seed" the oceans with extra iron, that iron wouldn't have much of an effect on global phytoplankton growth. The reason was due to a limit set by ligands. It turns out that, if left on its own, iron is insoluble in the ocean and therefore unavailable to phytoplankton. Iron only becomes soluble at "useful" levels when linked with ligands, which keep iron in a form that plankton can consume. Lauderdale found that adding iron to one ocean region to consume additional nutrients robs other regions of nutrients that phytoplankton there need to grow. This lowers the production of ligands and the supply of iron back to the original ocean region, limiting the amount of extra carbon that would be taken up from the atmosphere.

Unexpected switch

Once the team published their study, Lauderdale worked the box model into a form that he could make publicly accessible, including ocean and atmosphere carbon exchange and extending the boxes to represent more diverse environments, such as conditions similar to the Pacific, the North Atlantic, and the Southern Ocean. In the process, he tested other interactions within the model, including the effect of varying ocean circulation.

He ran the model with different circulation strengths, expecting to see less atmospheric carbon dioxide with weaker ocean overturning -- a relationship that previous studies have supported, dating back to the 1980s. But what he found instead was a clear and opposite trend: The weaker the ocean's circulation, the more CO2 built up in the atmosphere.




"I thought there was some mistake," Lauderdale recalls. "Why were atmospheric carbon levels trending the wrong way?"

When he checked the model, he found that the parameter describing ocean ligands had been left "on" as a variable. In other words, the model was calculating ligand concentrations as changing from one ocean region to another.

On a hunch, Lauderdale turned this parameter "off," which set ligand concentrations as constant in every modeled ocean environment, an assumption that many ocean models typically make. That one change reversed the trend, back to the assumed relationship: A weaker circulation led to reduced atmospheric carbon dioxide. But which trend was closer to the truth?

Lauderdale looked to the scant available data on ocean ligands to see whether their concentrations were more constant or variable in the actual ocean. He found confirmation in GEOTRACES, an international study that coordinates measurements of trace elements and isotopes across the world's oceans, that scientists can use to compare concentrations from region to region. Indeed, the molecules' concentrations varied. If ligand concentrations do change from one region to another, then his surprise new result was likely representative of the real ocean: A weaker circulation leads to more carbon dioxide in the atmosphere.

"It's this one weird trick that changed everything," Lauderdale says. "The ligand switch has revealed this completely different relationship between ocean circulation and atmospheric CO2 that we thought we understood pretty well."

Slow cycle

To see what might explain the overturned trend, Lauderdale analyzed biological activity and carbon, nutrient, iron, and ligand concentrations from the ocean model under different circulation strengths, comparing scenarios where ligands were variable or constant across the various boxes.

This revealed a new feedback: The weaker the ocean's circulation, the less carbon and nutrients the ocean pulls up from the deep. Any phytoplankton at the surface would then have fewer resources to grow and would produce fewer byproducts (including ligands) as a result. With fewer ligands available, less iron at the surface would be usable, further reducing the phytoplankton population. There would then be fewer phytoplankton available to absorb carbon dioxide from the atmosphere and consume upwelled carbon from the deep ocean.

"My work shows that we need to look more carefully at how ocean biology can affect the climate," Lauderdale points out. "Some climate models predict a 30 percent slowdown in the ocean circulation due to melting ice sheets, particularly around Antarctica. This huge slowdown in overturning circulation could actually be a big problem: In addition to a host of other climate issues, not only would the ocean take up less anthropogenic CO2 from the atmosphere, but that could be amplified by a net outgassing of deep ocean carbon, leading to an unanticipated increase in atmospheric CO2 and unexpected further climate warming."
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Brain size riddle solved as humans exceed evolution trend | ScienceDaily
The largest animals do not have proportionally bigger brains -- with humans bucking this trend -- a new study published in Nature Ecology and Evolution has revealed.


						
Researchers at the University of Reading and Durham University collected an enormous dataset of brain and body sizes from around 1,500 species to clarify centuries of controversy surrounding brain size evolution.

Bigger brains relative to body size are linked to intelligence, sociality, and behavioural complexity -- with humans having evolved exceptionally large brains. The new research, published today (Monday, 8 July), reveals the largest animals do not have proportionally bigger brains, challenging long-held beliefs about brain evolution.

Professor Chris Venditti, lead author of the study from the University of Reading, said: "For more than a century, scientists have assumed that this relationship was linear -- meaning that brain size gets proportionally bigger, the larger an animal is. We now know this is not true. The relationship between brain and body size is a curve, essentially meaning very large animals have smaller brains than expected."

Professor Rob Barton, co-author of the study from Durham University, said: "Our results help resolve the puzzling complexity in the brain-body mass relationship. Our model has a simplicity that means previously elaborate explanations are no longer necessary -- relative brain size can be studied using a single underlying model."

Beyond the ordinary

The research reveals a simple association between brain and body size across all mammals which allowed the researchers to identify the rule-breakers -- species which challenge the norm.




Among these outliers includes our own species, Homo sapiens, which has evolved more than 20 times faster than all other mammal species, resulting in the massive brains that characterise humanity today. But humans are not the only species to buck this trend.

All groups of mammals demonstrated rapid bursts of change -- both towards smaller and larger brain sizes. For example, bats very rapidly reduced their brain size when they first arose, but then showed very slow rates of change in relative brain size, suggesting there may be evolutionary constraints related to the demands of flight.

There are three groups of animals that showed the most pronounced rapid change in brain size: primates, rodents, and carnivores. In these three groups, there is a tendency for relative brain size to increase in time (the "Marsh-Lartet rule"). This is not a trend universal across all mammals, as previously believed.

Dr Joanna Baker, co-author of the study also from the University of Reading, said: "Our results reveal a mystery. In the largest animals, there is something preventing brains from getting too big. Whether this is because big brains beyond a certain size are simply too costly to maintain remains to be seen. But as we also observe similar curvature in birds, the pattern seems to be a general phenomenon -- what causes this 'curious ceiling' applies to animals with very different biology."
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Fresh wind blows from historical supernova | ScienceDaily
A mysterious remnant from a rare type of supernova recorded in 1181 has been explained for the first time. Two white dwarf stars collided, creating a temporary "guest star," now labeled supernova (SN) 1181, which was recorded in historical documents in Japan and elsewhere in Asia. However, after the star dimmed, its location and structure remained a mystery until a team pinpointed its location in 2021. Now, through computer modeling and observational analysis, researchers have recreated the structure of the remnant white dwarf, a rare occurrence, explaining its double shock formation. They also discovered that high-speed stellar winds may have started blowing from its surface within just the past 20-30 years. This finding improves our understanding of the diversity of supernova explosions, and highlights the benefits of interdisciplinary research, combining history with modern astronomy to enable new discoveries about our galaxy.


						
It is the year 1181 and in Japan the Genpei War (1180-85) has recently begun. It will lead to a shift in political power from aristocratic families to the new military-based shogunate, which will establish itself in the coastal city of Kamakura near modern-day Tokyo. A record of this tumultuous period was compiled in a diary format in the Azuma Kagami. It chronicled not only people's lives and key events (with varying accuracy), but other daily observations, including the appearance of a new star.

"There are many accounts of this temporary guest star in historical records from Japan, China and Korea. At its peak, the star's brightness was comparable to Saturn's. It remained visible to the naked eye for about 180 days, until it gradually dimmed out of sight. The remnant of the SN 1181 explosion is now very old, so it is dark and difficult to find," explained lead author Takatoshi Ko, a doctoral student from the Department of Astronomy at the University of Tokyo.

The remnant of this guest star, labeled supernova remnant (SNR) 1181, was found to have been created when two extremely dense, Earth-sized stars, called white dwarfs, collided. This created a rare type of supernova, called a Type Iax supernova, which left behind a single, bright and fast-rotating white dwarf. Aided by observations on its position noted in the historical document, modern astrophysicists finally pinpointed its location in 2021 in a nebula towards the constellation Cassiopeia.

Due to its rare nature and location within our galaxy, SNR 1181 has been the subject of much observational research. This suggested that SNR 1181 is made up of two shock regions, an outer region and an inner one. In this new study, the research group analyzed the latest X-ray data to construct a theoretical computer model to explain these observations, and which has recreated the previously unexplained structure of this supernova remnant.

The main challenge was that according to conventional understanding, when two white dwarfs collide like this, they should explode and disappear. However, this merger left behind a white dwarf. The spinning white dwarf was expected to create a stellar wind (a fast-flowing stream of particles) immediately after its formation. However, what the researchers found was something else.

"If the wind had started blowing immediately after SNR 1181's formation, we couldn't reproduce the observed size of the inner shock region," said Ko. "However, by treating the wind's onset time as variable, we succeeded in explaining all of the observed features of SNR 1181 accurately and unraveling the mysterious properties of this high-speed wind. We were also able to simultaneously track the time evolution of each shock region, using numerical calculations."

The team was very surprised to find that according to their calculations, the wind may have started blowing only very recently, within the past 20-30 years. They suggest this may indicate that the white dwarf has started to burn again, possibly due to some of the matter thrown out by the explosion witnessed in 1181 falling back to its surface, increasing its density and temperature over a threshold to restart burning.

To validate their computer model, the team is now preparing to further observe SNR 1181 using the Very Large Array (VLA) radio telescope based in central New Mexico state in the U.S., and the 8.2 meter-class Subaru Telescope in the U.S. state of Hawaii.

"The ability to determine the age of supernova remnants or the brightness at the time of their explosion through archaeological perspectives is a rare and invaluable asset to modern astronomy," said Ko. "Such interdisciplinary research is both exciting and highlights the immense potential for combining diverse fields to uncover new dimensions of astronomical phenomena."
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Scientists discover new T cells and genes related to immune disorders | ScienceDaily


						Researchers led by Yasuhiro Murakawa at the RIKEN Center for Integrative Medical Sciences (IMS) and Kyoto University in Japan and IFOM ETS in Italy have discovered several rare types of helper T cells that are associated with immune disorders such as multiple sclerosis, rheumatoid arthritis, and even asthma. Published July 4 in Science, the discoveries were made possible by a newly developed technology they call ReapTEC, which identified genetic enhancers in rare T cell subtypes that are linked to specific immune disorders. The new T cell atlas is publicly available and should help in the development of new drug therapies for immune-mediated diseases.

Helper T cells are kind of white blood cell that make up a large part of the immune system. They recognize pathogens and regulate the immune response. Many immune-mediated disease are caused by abnormal T cell function. In autoimmune diseases like multiple sclerosis, they mistakenly attack parts of the body as if they were pathogens. In the case of allergies, T cells overreact to harmless substances in the environment like pollen. We know of several common T cells, but recent studies have shown that rare and specialized types of T cells exist, and they might be related to immune-mediated diseases.

Within all cells, including T cells, there are regions of DNA called "enhancers". This DNA does not code for proteins. Instead, it codes for small pieces of RNA, and enhances the expression of other genes. Variations in T cell enhancer DNA therefore lead to differences in gene expression, and this can affect how T cells function. Some enhancers are bidirectional, which means that both strands of the DNA are used as templates for enhancer RNA. The researchers from several different laboratories at RIKEN IMS, as well as colleagues at other institutes, teamed up to develop the new ReapTEC technology and look for connections between bidirectional T cell enhancers and immune diseases.

After analyzing about a million human T cells, they found several groups of rare T cell types, accounting for less than 5% of the total. Applying ReapTEC to these cells identified almost 63,000 active bidirectional enhancers. To figure out if any of these enhancers are related to immune diseases, they turned to genome-wide association studies (GWAS), which have reported numerous genetic variants, called single-nucleotide polymorphisms, that are related to various immune diseases.

When the researchers combined the GWAS data with the results of their ReapTEC analysis, they found that genetic variants for immune-mediated diseases were often located within the bidirectional enhancer DNA of the rare T cells that they had identified. In contrast, genetic variants for neurological diseases did not show a similar pattern, meaning that the bidirectional enhancers in these rare T cells are related specifically to immune-mediated diseases.

Going even deeper into the data, the researchers were able to show that individual enhancers in certain rare T cells are related to specific immune diseases. Overall, among the 63,000 bidirectional enhancers, they were able to identify 606 that included single-nucleotide polymorphisms related to 18 immune-mediated diseases. Lastly, the researchers were able to identify some of the genes that are the targets of these disease-related enhancers. For example, when they activated an enhancer that contained a genetic variant related to inflammatory bowel disease, the resulting enhancer RNA triggered upregulation of the IL7R gene.

"In the short-term, we have developed a new genomics method that can be used by researchers around the world," says Murakawa. "Using this method, we discovered new types of helper T cells as well as genes related to immune disorders. We hope that this knowledge will lead to a better understanding of the genetic mechanisms underlying human immune-mediated diseases."

In the long-term, the researchers believe follow-up experiments will be able to identify new molecules that can be used to treat immune-mediated diseases.
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The dawn of the Antarctic ice sheets | ScienceDaily
In recent years global warming has left its mark on the Antarctic ice sheets. The "eternal" ice in Antarctica is melting faster than previously assumed, particularly in West Antarctica more than East Antarctica. The root for this could lie in its formation, as an international research team led by the Alfred Wegener Institute has now discovered: sediment samples from drill cores combined with complex climate and ice-sheet modelling show that permanent glaciation of Antarctica began around 34 million years ago -- but did not encompass the entire continent as previously assumed, but rather was confined to the eastern region of the continent (East Antarctica). It was not until at least 7 million years later that ice was able to advance towards West Antarctic coasts. The results of the new study show how substantially differently East and West Antarctica react to external forcing, as the researchers describe in the journal Science.


						
Around 34 million years ago, our planet underwent one of the most fundamental climate shifts that still influences global climate conditions today: the transition from a greenhouse world, with no or very little accumulation of continental ice, to an icehouse world, with large permanently glaciated areas. During this time, the Antarctic ice sheet built up. How, when and, above all, where, was not yet known due to a lack of reliable data and samples from key regions, especially from West Antarctica, that document the changes in the past. Researchers from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) have now been able to close this knowledge gap, together with colleagues from the British Antarctic Survey, Heidelberg University, Northumbria University (UK), and the MARUM -- Center for Marine Environmental Sciences at the University of Bremen, in addition to collaborators from the Universities in Aachen, Leipzig, Hamburg, Bremen, and Kiel, as well as the University of Tasmania (Australia), Imperial College London (UK), Universite de Fribourg (Switzerland), Universidad de Granada (Spain), Leicester University (UK), Texas A&M University (USA), Senckenberg am Meer, and the Federal Institute for Geosciences and Natural Resources in Hanover, Germany.

Based on a drill core that the researchers retrieved using the MARUM-MeBo70 seafloor drill rig in a location offshore the Pine Island and Thwaites glaciers on the Amundsen Sea coast of West Antarctica, they were able to establish the history of the dawn of the icy Antarctic continent for the first time. Surprisingly, no signs of the presence of ice can be found in this region during the first major phase of Antarctic glaciation. "This means that a large-scale, permanent first glaciation must have begun somewhere in East Antarctica," says Dr Johann Klages, geologist at the AWI who led the research team. This is because West Antarctica remained ice-free during this first glacial maximum. At this time, it was still largely covered by dense broadleaf forests and a cool-temperate climate that prevented ice from forming in West Antarctica.

East and West Antarctica react very different to external conditions

In order to better understand where the first permanent ice formed in Antarctica, the AWI paleoclimate modelers combined the newly available data together with existing data on air and water temperatures and the occurrence of ice. "The simulation has supported the results of the geologists' unique core," says Prof Dr Gerrit Lohmann, paleoclimate modeler at the AWI. "This completely changes what we know about the first Antarctic glaciation." According to the study, the basic climatic conditions for the formation of permanent ice only prevailed in the coastal regions of the East Antarctic Northern Victoria Land. Here, moist air masses reached the strongly rising Transantarctic Mountains -- ideal conditions for permanent snow and subsequent formation of ice caps. From there, the ice sheet spread rapidly into the East Antarctic hinterland. However, it took some time before it reached West Antarctica: "It wasn't until about seven million years later that conditions allowed for advance of an ice sheet to the West Antarctic coast," explains Hanna Knahl, a paleoclimate modeler at the AWI. "Our results clearly show how cold it had to get before the ice could advance to cover West Antarctica that, at that time, was already below sea level in many parts." What the investigations also impressively show is how different the two regions of the Antarctic ice sheet react to external influences and fundamental climatic changes. "Even a slight warming is enough to cause the ice in West Antarctica to melt again -- and that's exactly where we are right now," adds Johann Klages.

The findings of the international research team are critical for understanding the extreme climate transition from the greenhouse climate to our current icehouse climate. Importantly, the study also provides new insight that allows climate models to simulate more accurately how permanently glaciated areas affect global climate dynamics, that is the interactions between ice, ocean and atmosphere. This is of crucial importance, as Johann Klages says: "Especially in light of the fact that we could be facing such a fundamental climate change again in the near future."

Using new technology to gain unique insights

The researchers were able to close this knowledge gap with the help of a unique drill core that they retrieved during the expedition PS104 on the research vessel Polarstern in West Antarctica in 2017. The MARUM-MeBo70 drill rig developed at MARUM in Bremen was used for the first time in Antarctica. The seabed off the West Antarctic Pine Island and Thwaites glaciers is so hard that it was previously impossible to reach deep sediments using conventional drilling methods. The MARUM-MeBo70 has a rotating cutterhead, which made it possible to drill about 10 meters into the seabed and retrieve the samples.

The research project, and the Polarstern expedition PS104 in particular, was funded by the AWI, MARUM, the British Antarctic Survey, and the NERC UK-IODP Programme.
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        Creativity starts in the cradle, new research shows
        New research indicates that babies can begin grasping complex language and ideas.

      

      
        Researchers pinpoint brain cells that delay first bite of food
        Do you grab a fork and take a first bite of cake, or say no and walk away? Our motivation to eat is driven by a complex web of cells in the brain that use signals from within the body, as well as sensory information about the food in front of us, to determine our behaviors. Now, scientists have identified a group of neurons in a small and understudied region of the brain -- the parasubthalamic nucleus (PSTN) -- that controls when an animal decides to take a first bite of food.

      

      
        Combination treatment can increase human insulin-producing cells in vivo
        In preclinical studies, a team of researchers report new findings on a therapeutic combination that regenerated human insulin-producing beta cells, providing a possible new treatment for diabetes.

      

      
        New Co-STAR receptor shows promise treating cancers in laboratory study
        Using genetic engineering techniques, investigators designed a novel type of cell to recognize and fight cancer.

      

      
        Novel genome editing approach restores hearing in adult preclinical models with genetic deafness
        Researchers restored hearing in preclinical mouse models with a specific form of inherited deafness called DFNA50 caused by mutations in microRNA, by using a novel in vivo CRISPR genome editing approach. Since mouse and human microRNAs have identical sequences, the researchers hope this work can one day be translated into applications for humans.

      

      
        Loneliness increases risk of age-related memory loss
        About a third of Canadians feel lonely, and a study shows it has a greater negative impact on memory than even social isolation, though both present a significant risk to the aging population.

      

      
        Nanoparticle vaccines enhance cross-protection against influenza viruses
        To offer cross-protection against diverse influenza virus variants, nanoparticle vaccines can produce pivotal cellular and mucosal immune responses that enhance vaccine efficacy and broaden protection, according to a new study.

      

      
        Can we predict how fast cognitive decline will occur with early Alzheimer's?
        A new study looks at predicting how quickly people with early Alzheimer's disease will experience cognitive decline. The study also looked at how the new drugs recently approved for the disease may reduce decline.

      

      
        Prime editing efficiently corrects cystic fibrosis mutation in human lung cells
        Cystic fibrosis is one of the most common genetic disorders, causing thick mucus build-up in the lungs and other parts of the body, breathing problems, and infection. Now, researchers have developed a gene-editing approach that efficiently corrects the most common mutation that causes cystic fibrosis, found in 85 percent of patients. With further development, it could pave the way for treatments that are administered only once and have fewer side effects. The new method precisely and durably corr...

      

      
        New immune cell therapy benefits laboratory models of ALS and has some positive results in an individual with the disease
        The study provides the basis for a phase I clinical trial in additional participants.

      

      
        Trial of cell-based therapy for high-risk lymphoma leads to FDA breakthrough designation
        CAR-T cell therapy helps some with intractable lymphoma, but those who relapse have few options. Modifying the therapy's molecular target improved response.

      

      
        Major trial looks at most effective speech therapy for people with Parkinson's disease
        A major clinical trial has shown the Lee Silverman Voice Treatment (LSVT LOUD ) is more effective than the current speech and language therapy commonly provided, when treating patients with Parkinson's disease (PD).

      

      
        Cirrhosis affects twice as many transgender adults as cisgender adults, study finds
        A new study has found a startling disparity in the frequency of liver disease for transgender individuals and highlights the need for more specialized care.

      

      
        Rapid growth, persistent challenges in telemedicine adoption among US hospitals
        A new study shows a significant increase in telemedicine services offered by U.S. hospitals from 2017 to 2022, while also highlighting persistent barriers to its full implementation.

      

      
        Chronic allergic disorder EoE's rising incidence in Japan confirmed by large-scale data analysis
        Researchers have uncovered the incidence and prevalence of the chronic allergic disorder eosinophilic esophagitis, or EoE, which can cause difficulty in swallowing as eosinophils, a type of white blood cell, build up in the esophagus.

      

      
        New technology can detect kidney diseases earlier than standard methods
        Researchers have developed a method that can change the way we diagnose and treat kidney diseases.

      

      
        Atlas of proteins reveals inner workings of cells
        Researchers discover how proteins behave inside cells using AI, which has the potential to guide drug design.

      

      
        Discovery of a new defense mechanism in bacteria
        When confronted with an antibiotic, toxic substance, or other source of considerable stress, bacteria are able to activate a defense mechanism using cell-to-cell communication to 'warn' unaffected bacteria, which can then anticipate, shield themselves and spread the warning signal.

      

      
        Researchers customize AI tools for digital pathology
        Scientists developed and tested new artificial intelligence (AI) tools tailored to digital pathology--a rapidly growing field that uses high-resolution digital images created from tissue samples to help diagnose disease and guide treatment.

      

      
        Young people believe that artificial intelligence is a valuable tool for healthcare
        Children and young people are generally positive about artificial intelligence (AI) and think it should be used in modern healthcare.

      

      
        Cystic fibrosis: School-aged children benefit from triple combination therapy
        Cystic fibrosis is a hereditary disease that so far has been incurable. Those affected have thick, viscous mucus secretions in their lungs, and lung function diminishes steadily over time. Today, triple combination therapy makes it possible to address the root causes of the defect underlying the disease. This form of treatment was recently approved for children in addition to adults.

      

      
        Researchers elucidate mechanism behind cardiac fibrosis, opening way for new heart failure treatments
        Cardiovascular disease often culminates in heart failure, a hallmark of which is fibrosis, a form of tissue scarring. Cardiac fibrosis initially repairs damaged heart tissue, but it can quickly become excessive and pathological. Identifying the mechanisms behind fibrosis is a focal point in cardiovascular research, and now scientists discovered a critical genetic mechanism driving the process -- and they have identified a target for reversing it.

      

      
        New form of repetitive magnetic brain stimulation reduces treatment time for bipolar disorder
        A potential new treatment for bipolar disorder (BP) that significantly shortens treatment time has emerged, following a randomized clinical trial using accelerated intermittent theta burst stimulation (aiTBS). While current theta burst stimulation (TBS) treatments can take between four and six weeks to administer, this new technique reduces treatment to five days.

      

      
        Discovery could help reduce adverse side effects of popular next-generation obesity medications
        By teasing apart the therapeutic benefits from the adverse effects of new generation obesity medications, researchers found a population of neurons in the brain that controls food intake without causing nausea in an animal model.

      

      
        The molecule that could alleviate stroke-related brain injury
        New research identifies novel path to protecting the brain from stroke-induced damage.

      

      
        Scientists discover a cause of lupus and a possible way to reverse it
        Scientists have discovered a molecular defect that promotes the pathologic immune response in systemic lupus erythematosus (known as lupus) and show that reversing this defect may potentially reverse the disease.

      

      
        Big gain in battle against harmful bacteria
        An unexpected find has enabled important progress to be made in the battle against harmful bacteria.

      

      
        When there's money to lose, phone usage while driving drops
        Researchers discovered that feedback plus cash incentives designed with insights from behavioral science reduces phone use while driving.

      

      
        Molecular atlas of blood vessel pathways in the human brain, across early brain development, adulthood and disease
        Researchers have built the first-ever molecular atlas of the human brain vasculature at single-cell resolution, spanning from early development to adulthood and through disease stages such as brain tumors and brain vascular malformations.

      

      
        Pitch perfect: Match the message to the idea's newness
        Entrepreneurs should tweak their pitches based on how innovative their idea is, researchers have found.

      

      
        Researchers find better way to detect when older adults fall at home
        When older adults fall at home, every second counts -- especially when they are alone. New research aims to cut reaction times with a human action recognition (HAR) algorithm that uses local computing power to analyze sensor data and detect abnormal movements without transmitting to a processing center offsite.

      

      
        Exercise brain boost can last for years
        A longitudinal study has found that high-intensity interval exercise improves brain function in older adults for up to 5 years.

      

      
        Stem cell-derived therapy shows promise against treatment-resistant liver cancer
        New research shows how stem cell-derived therapy, targeting treatment-resistant liver cancer through genetically modified NK cells, offers promising new avenues for immunotherapy.

      

      
        Study points at novel approach to treat Group 3 medulloblastoma
        A team of researchers has identified and located a population of stem-like cells that initiates and maintains Group 3 medulloblastoma (Gr3-MB) in the developing brain. Gr3-MB is one of the most aggressive forms of brain cancer in children and is associated with metastatic spread and poor survival. The researchers showed that eliminating the small population of stem-like cells present in Gr3-MB tumors led to tumor shrinkage in preclinical models. Although more research is needed, this novel approa...

      

      
        Could a dietary fiber supplement offer long-awaited treatment for food allergy sufferers?
        A study has identified a potential new treatment for food allergies in inulin, a naturally occurring plant fiber commonly used as a supplement, a prebiotic in soda, a replacement for sweeteners and for other products and purposes.

      

      
        Delaying diabetes with diet and exercise for four years results in better long-term health
        Individuals diagnosed with prediabetes can reduce their long-term risk of death and diabetes-related health complications if they delay the onset of diabetes for just four years through diet and exercise, according to new findings.

      

      
        New one-step method to make multiple edits to a cell's genome
        A team of scientists have developed a new method that enables them to make precise edits in multiple locations within a cell -- all at once. Using molecules called retrons, they created a tool that can efficiently modify DNA in bacteria, yeast, and human cells.

      

      
        Implantable LED device uses light to treat deep-seated cancers
        Certain types of light have proven to be an effective, minimally invasive treatment for cancers located on or near the skin when combined with a light-activated drug. But deep-seated cancers have been beyond the reach of light's therapeutic effects. To change this, engineers and scientists have devised a wireless LED device that can be implanted. This device, when combined with a light-sensitive dye, not only destroys cancer cells, but also mobilizes the immune system's cancer-targeting response.

      

      
        Researchers identify cause of serious brain bleeding condition in premature newborns
        Scientists have found that in premature newborns with very low birth weight, salt and water transporters on immature neurons can cause brain tissue to shrink in response to a lack of oxygen, which in turn results in brain bleeding and lifelong neurological damages.

      

      
        Hepatitis C leaves 'scars' in immune cells even after successful treatment
        Researchers have provided new insights into the lasting effects of chronic Hepatitis C virus (HCV) infection on the immune system, even after the disease has been successfully treated. The research team has discovered that traces of 'epigenetic scars' remain in regulatory T cells and exhibit sustained inflammatory properties long after the virus is cleared from the body.

      

      
        Nerve damage from breast cancer treatment can be predicted
        Many women treated for breast cancer using taxanes, a type of cytostatic drug, often experience side effects in the nervous system. Researchers have developed a tool that can predict the risk level for each individual. The tool could help doctors adapt treatment to avoid persistent side effects in those at the greatest risk.

      

      
        Run screaming or slow retreat? New study advances understanding of brain responses to emotionally-charged scenes
        The ability to recognize and respond to emotionally-charged situations is essential to a species' evolutionary success. A new study advances our understanding of how the brain responds to emotionally charged objects and scenes.

      

      
        Brain neurotransmitter receptor antagonist found to prevent opioid addiction in mice
        New research has found a drug that treats insomnia works to prevent the addictive effects of the morphine opioids in mice while still providing effective pain relief.

      

      
        Trust, more than knowledge, critical for acceptance of fully autonomous vehicles
        While not yet on the market, fully autonomous vehicles are promoted as a way to make road travel dramatically safer, but a recent study found that knowing more about them did not improve people's perception of their risk. They needed to have more trust in them too. This study adds to the evidence from other research that knowledge alone is not enough to sway people's attitudes toward complex technology and science, such as gene editing or climate change. In this case, researchers found that trust...

      

      
        Study finds 1 in 12 patients labeled as having 'benign' results actually had high-risk prostate cancer
        A recent study examined data from more than 10,000 patients with 'Biopsy Gleason Grade Group (GGG) 1,' a diagnosis considered to be the lowest grade cancer. Researchers found that even among patients diagnosed using the most modern diagnostic approach, 8 percent of patients with GGG1 had high-risk prostate cancer. Two risk factors -- high PSA levels and the presence of 50 percent or more positive biopsies from sampling -- could help identify patients with GGG1 at greatest risk of aggressive prost...

      

      
        Scientists exploring potential new treatments for glioblastoma
        A new approach to treating the most malignant type of brain cancer -- glioblastoma -- has shown strong promise in pre-clinical settings, raising hopes of increasing current average survival rates beyond 18 months.

      

      
        Diagnosing different forms of dementia now possible using artificial intelligence
        Ten million new cases of dementia are diagnosed each year but the presence of different dementia forms and overlapping symptoms can complicate diagnosis and delivery of effective treatments. Now researchers have developed an AI tool that can diagnose ten different types of dementia such as vascular dementia, Lewy body dementia, and frontotemporal dementia, even if they co-occur.

      

      
        Brain-imaging study reveals curiosity as it emerges
        You look up into the clear blue sky and see something you can't quite identify. Is it a balloon? A plane? A UFO? You're curious, right? A research team has for the first time witnessed what is happening in the human brain when feelings of curiosity like this arise. The scientists revealed brain areas that appear to assess the degree of uncertainty in visually ambiguous situations, giving rise to subjective feelings of curiosity.

      

      
        Study backs RSV vaccine safety during pregnancy
        Vaccinating mothers against respiratory syncytial virus (RSV) during late pregnancy to protect their newborns is not associated with an increased risk of preterm birth or other poor outcomes. Infants are particularly vulnerable to the virus which can cause a serious lower respiratory illness.

      

      
        Americans find hospital-at-home care appealing and safe, study suggests
        The study found that most survey respondents felt they would recover faster if cared for at home, rather than in the hospital, and that they felt safe being treated at home.
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Creativity starts in the cradle, new research shows | ScienceDaily
Infants less than a year old can combine simple concepts into complex ideas, showing that creativity begins in babyhood.


						
According to new research at the University of Birmingham, in the UK, and Central European University, in Austria and Hungary, babies are not only capable of creative thinking well before starting to speak, but this sort of thinking may be essential for language acquisition.

In the study, published in PNAS, the researchers set out to explore the origins of human creativity and productive thinking to try to find out how people arrive at completely new thoughts and ideas. The basic mechanism for doing this is taking familiar concepts and combining them into new structures, but little is known about how early in life these abilities can be used.

The researchers found that babies were able to very quickly learn new words that describe small quantities -- an impressive achievement -- and combine these spontaneously with familiar words to fully understand a phrase.

Lead researcher, Dr Barbara Pomiechowska, carried out the research while a postdoctoral fellow at the Central European University (CEU). She is now an assistant professor in the School of Psychology, at the University of Birmingham, in the UK.

Dr Pomiechowska said: "Human creativity has no boundaries: it has taken us to the moon and allowed us to cure deadly diseases -- but despite its importance, we don't yet know when and how this impressive ability to combine ideas and invent new things emerges. This research shows that we must go right back to the beginning of language acquisition to solve this puzzle."

In the study, the researchers worked with a cohort of 60 babies, all around the age of 12 months. They started by teaching the babies two novel words describing quantity: 'mize', to mean 'one', and 'padu', to mean 'two'.

Then the babies were asked to combine these new number words with different object names, for example to identify 'padu ducks' from among a choice of images. By teaching novel words to represent quantities, the researchers were able to test the babies' ability to combine concepts in real time, rather than simply recall combinations of words that they already knew from previous experience.

By using eye-tracking technology to monitor where the babies look, the researchers were able to show that the infants could successfully combine the two concepts to understand what they were being asked about.

Dr Agnes Kovacs, from CEU's Department of Cognitive Science and CEU's Cognitive Development Center, added: "For babies, this ability to combine different concepts is likely to help not only to interpret the complex language input, but also to learn about different aspects of the physical and social world. For adults, it's an ability that helps to move past everything that's already been thought of, opening the mind towards endless possibilities."
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Researchers pinpoint brain cells that delay first bite of food | ScienceDaily
Do you grab a fork and take a first bite of cake, or say no and walk away? Our motivation to eat is driven by a complex web of cells in the brain that use signals from within the body, as well as sensory information about the food in front of us, to determine our behaviors. Now, Scripps Research scientists have identified a group of neurons in a small and understudied region of the brain -- the parasubthalamic nucleus (PSTN) -- that controls when an animal decides to take a first bite of food.


						
In the study, published in Molecular Psychiatry on July 4, 2024, the team of scientists set out to selectively manipulate a group of PSTN cells that dial up their activity during periods of binge-eating. Other scientists have observed that many PSTN cells become active following a large meal, but the team wondered how these cells might influence appetite.

"In our study, we used a technique that let us turn on cells in the mouse brain that were activated by a specific experience -- in this case, binge-eating," says Jeff Dunning, PhD, a staff scientist at Scripps Research and first author of the new paper. "Once we have captured this ensemble of PSTN cells, we can turn them on like a light switch and watch what happens to the animals' eating and drinking."

The research team found that the ensemble of cells sensitive to binge-eating were capable of drastically changing the behavior of mice. Hungry mice normally start chowing down on food quickly once it becomes available to them. But when researchers turned on this ensemble of PSTN cells, mice were much slower to begin eating and, surprisingly, much faster to drink water.

"Our results tell us that this specific group of PSTN cells guide the early stages of hunger-driven decision making, before eating actually occurs," says Dunning. "The effect on water drinking is somewhat counterintuitive, but it might be related to prandial thirst -- the phenomenon whereby thirst gets stimulated as soon as we start eating."

By manipulating even smaller sets of cells within the PSTN, the team pieced apart exactly which groups of cells were responsible for the delayed eating and accelerated drinking. They also discovered that yet another group of PSTN cells drives a different effect, urging the mice to eat more sweet foods.

"Altogether, these results reveal that PSTN neurons exert a complex combination of functions," says senior author Candice Contet, PhD, associate professor in the Department of Molecular Medicine at Scripps Research. "Several studies had previously shown that PSTN activity can limit the amount of food eaten, but the fact that certain PSTN neurons control the onset of feeding or drinking, or even promote the consumption of food 'treats,' is entirely novel."

Contet, Dunning and colleagues think that their findings may have relevance for eating disorders where people have either too much or not enough control over the initiation of feeding -- the decision to succumb to that first bite or wait longer. Beyond food and water, similar mechanisms may be at play in the loss of control over the consumption of rewarding substances such as drugs of abuse, which the team is currently investigating.

In addition to Contet and Dunning, authors of the study, "The parasubthalamic nucleus refeeding ensemble delays feeding initiation and hastens water drinking," include Catherine Lopez, Colton Krull, Max Kreifeldt, Maggie Angelo and Leeann Shu of Scripps Research; and Charu Ramakrishnan and Karl Deisseroth of Stanford University. 

This work was supported by funding from the National Institutes of Health (AA026685, AA027636, AA006420, AA027372, and AA007456).
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Combination treatment can increase human insulin-producing cells in vivo | ScienceDaily
In preclinical studies, a team of researchers from Mount Sinai Health System in New York City and City of Hope in Los Angeles report new findings on a therapeutic combination that regenerated human insulin-producing beta cells, providing a possible new treatment for diabetes. The findings were published today in Science Translational Medicine.


						
This work, led by Andrew F. Stewart, MD, Irene and Dr. Arthur M. Fishberg Professor of Medicine and Director of the Mount Sinai Diabetes, Obesity and Metabolism Institute, began at the Icahn School of Medicine at Mount Sinai in 2015. The studies were a team effort. Adolfo Garcia-Ocana, PhD, formerly a professor at Mount Sinai and who is now at City of Hope, a leading research center for diabetes and one of the largest cancer research and treatment organizations in the United States, and is the Ruth B. and Robert K. Lanman Chair in Gene Regulation and Drug Discovery Research and chair of the Department of Molecular & Cellular Endocrinology, and his research team designed the studies and performed the novel, extensive and detailed animal transplant and drug treatment models using beta cells from donors. Final studies took place at City of Hope in 2023.

For the study, the natural product harmine, which is found in some plants, was combined with a widely used class of type 2 diabetes therapy called GLP1 receptor agonists. Researchers transplanted a small number of human beta cells into mice that had no immune system and that also served as a standard model of type 1 and type 2 diabetes; these mice were treated with the combination therapy and their diabetes was rapidly reversed. Strikingly, human beta cell numbers increased by 700 percent over three months with this drug combination.

"This is the first time scientists have developed a drug treatment that is proven to increase adult human beta cell numbers in vivo. This research brings hope for the use of future regenerative therapies to potentially treat the hundreds of millions of people with diabetes," said Dr. Garcia-Ocana, the paper's corresponding author.

"It has been remarkable to watch this story unfold over the past 15 years," said Dr. Stewart, who, along with Peng Wang, PhD, Professor of Medicine (Endocrinology, Diabetes and Bone Disease) at Icahn Mount Sinai, conceived of and performed the initial high-throughput drug screen that led to the discovery of harmine described in Nature Medicine in 2015. "The steady progression from the most basic human beta cell biology, through robotic drug screening and now moving to human studies, illustrates the essential role for physician-scientists in academia and pharma."

Growing New Beta Cells

More than 10 percent of the world's adult population has diabetes, a disease defined by high blood sugar levels. In both type 1 and type 2 diabetes, a reduction in both the quantity and quality of insulin-producing beta cells causes high blood sugar. Unfortunately, none of the many commonly used diabetes therapies are able to increase human beta cell numbers, and therefore cannot completely reverse diabetes.




Fortunately, most people with diabetes have some residual beta cells, which is what inspired the research team to search for ways to restore their numbers. The team had previously shown that several different inhibitors of an enzyme in beta cells called DYRK1A can induce the proliferation of adult human beta cells in a tissue culture dish for a few days. But prior to this study, no one had shown the ability to expand human beta cells numbers in vivo in human islet grafts used in an animal model over many months.

To accurately measure the mass of human beta cells in the islet grafts, the team turned to Sarah A. Stanley, MBBCh, PhD, Associate Professor of Medicine (Endocrinology, Diabetes and Bone Disease), and Neuroscience, at Icahn Mount Sinai. Using an advanced laser microscopy tool called iDISCO+ that effectively makes biological tissue transparent, Dr. Stanley saw that beta cell mass was dramatically increased through mechanisms that included enhanced proliferation, function, and survival of the human beta cells. The technology allowed for accurate and rigorous quantitative assessment of engrafted human beta cells for the first time.

Translating Results to the Clinic

The Mount Sinai team recently completed a phase 1 clinical trial of harmine in healthy volunteers to test its safety and tolerability. At the same time, Robert J. DeVita, PhD, Professor of Pharmacological Sciences and Director of the Marie-Josee and Henry R. Kravis Drug Discovery Institute at Mount Sinai, has developed next-generation DYRK1A inhibitors. Mount Sinai is conducting studies to test these in humans for potential toxicity risks and estimate dosing for clinical trials, and is planning to initiate first-in-human trials with independent research teams next year. Mount Sinai owns an extensive patent portfolio covering these technologies.

Researchers also want to address the fact that in patients with type 1 diabetes, the immune system will continue to kill new beta cells. At City of Hope, Dr. Garcia-Ocana and colleague Alberto Pugliese, MD, Samuel Rahbar Chair in Diabetes & Drug Discovery, chair of the Department of Diabetes Immunology, and director of The Wanek Family Project for Type 1 Diabetes within the Arthur Riggs Diabetes & Metabolism Research Institute, plan to test inducers of beta cell regeneration together with immunomodulators that regulate the immune system. Their goal is for the combination to allow new beta cells to thrive and improve insulin levels.

"Our studies pave the way for moving DYRK1A inhibitors into human clinical trials and it's very exciting to be close to seeing this novel treatment used in patients," Dr. Garcia-Ocana said. "There is nothing like this available to patients right now."

The work outlined in the Science Translational Medicine paper was funded by grants from the National Institutes of Health (NIH), the National Institute of Diabetes Digestive and Kidney Disease, and BreakthroughT1D (formerly JDRF); as well as from philanthropic donations to Mount Sinai, support from The Wanek Family Project for Type 1 Diabetes at City of Hope, and additional generous philanthropic gifts.

Other critical members of the team include Mount Sinai's Carolina Rosselot, PhD; Yansui Li, PhD; and Alexandra Alvarsson, PhD. Additional City of Hope authors on the paper are Geming Lu, MD, assistant research professor, and Randy Kang, BS, senior research associate, who are both members of Dr. Garcia-Ocana's lab.

Drs. Stewart and DeVita are named co-inventors on patent applications for DYRK1A inhibitors, such as harmine, for the treatment of diabetes. These patent applications are filed through the Icahn School of Medicine at Mount Sinai and are currently unlicensed.
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New Co-STAR receptor shows promise treating cancers in laboratory study | ScienceDaily
Using genetic engineering techniques, investigators at the Johns Hopkins Kimmel Cancer Center and its Ludwig Center, the Lustgarten Laboratory and Bloomberg~Kimmel Institute for Cancer Immunotherapy have designed a novel type of cell to recognize and fight cancer.


						
To produce the cells, called Co-STAR (Co-stimulatory Synthetic T-cell receptor and Antigen Receptor) cells, the researchers combined genetic components of four types of cells that the body normally uses to defend against invaders to make a powerful new cell type: T-cell receptors (TCRs) from T cells, antibodies from B cells, MyD88 from white blood cells called monocytes, and CD40 from dendritic and other cells. The TCR and antibody components served as an "invader detecting device," recognizing cancer cells as foreign, and the "alarm" triggered by this hybrid detector was boosted by the MyD88 and C40 components.

In laboratory studies, Co-STARs led to a sustained anti-tumor response against human cancer cells growing in test tubes and in mice. A description of the work was published  in Science Translational Medicine.

T cell-based therapies are among the most promising approaches to treat advanced cancer and are the subject of intense research, explains lead study author Brian Mog, M.D., Ph.D., an internal medicine resident at Brigham and Women's Hospital in Boston. He was a medical and graduate student at the Johns Hopkins University School of Medicine when the research was conducted.

However, TCR and CAR (chimeric antigen receptor, usually using antibody as the detector), which are aimed at stimulating an immune response by activating T cells, each has limits. The combination of the two can overcome these limitations.

"We needed to make a new type of cell, because we were trying to target specific antigens called peptide-HLA (human leukocyte antigen) antigens, which are peptide fragments from mutant proteins inside the cancer cell that are displayed on the cell surface by peptide-holding proteins called HLAs," Mog explains. Their specific target was a peptide containing the R175H mutation of p53 (the 175th amino acid of p53 is mutated from arginine to histidine), displayed on the HLA-A2 allele (gene variation). This is the most common mutation in the tumor suppressor protein p53, which is in turn the most commonly mutated gene in human cancers.

However, these antigens are present at very low numbers (just one to 10) on a cancer cell, and the classic CAR format would not be able to react to such a small amount. "Our goal was to combine some of the advantages of the CAR format with those of the natural T cell receptor on T cells, supplemented with additional signaling boosters, so that they could fight cancers more effectively," Mog says.

The team went through multiple rounds of engineering to come up with the final design, testing their receptors in model cancer cell lines in test tubes and then in mouse models of cancer. The final Co-STAR T cells were able to continuously kill human cancer cells in test tubes. When tested in mouse models of cancer, Co-STARs induced a robust, long-lasting proliferation of T cells that were able to induce profound remissions, and often cure, human cancer cells growing in mice. By contrast, more conventional T cells or CAR T cells were not able to eradicate the cancer cells in vitro and only brought about temporary tumor control in mice, with the cancers re-emerging days later.

"Brian's results demonstrated that Co-STAR T cells combine the advantages of many features of immune cells that normally fight infection in a way that allowed them to effectively kill cancer cells in mouse models," says co-senior investigator Bert Vogelstein, M.D., Clayton Professor of Oncology, Howard Hughes Medical Institute investigator and co-director of the Ludwig Center. "Co-STARs address some, but certainly not all, challenges confronting T cell-based therapeutics but are certainly worthy of continued investigation."

"I was, honestly, incredibly surprised that the Co-STARs worked so well in mice, given that I had generated so many different types of T cells over four years that could only slow the growth of cancers in mice" adds Mog. "Witnessing those cures was a very exciting moment."
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Novel genome editing approach restores hearing in adult preclinical models with genetic deafness | ScienceDaily
A team led by Mass Eye and Ear researchers has demonstrated for the first time a successful restoration of hearing through a novel, in vivo genome editing approach in an adult mouse model with a form of inherited deafness caused by mutations in microRNA. The researchers note that mouse and human microRNAs have identical sequences, and accordingly, hope their new study lays the foundation for translational research into applications in humans with deafness caused by these types of mutations.


						
The study also looked at safety of the AAV-mediated genome editing approach and found it had a good safety profile that includes little off-target effect and no detectable long-term integration of the AAV vector in the genome. "Our research suggested minimal potential risk and supports the feasibility of future clinical applications in humans," said Wenliang Zhu, PhD, and physician-scientist Wan Du, MD, PhD, members of Chen's lab at Mass Eye and Ear and first authors on the paper.

The study, led by Zheng-Yi Chen, DPhil, an associate scientist in the Eaton-Peabody Laboratories at Mass Eye and Ear (a member of the Mass General Brigham healthcare system), was published July 10 in Science Translational Medicine.

"Our findings provide a promising pathway for developing treatments by editing for many forms of genetic hearing loss," said Chen, who is the Ines and Fredrick Yeatts Chair in Otolaryngology at Mass Eye and Ear and an associate professor in Otolaryngology-Head and Neck Surgery at Harvard Medical School. "With further study, our intervention using genome editing could potentially halt or reverse hearing loss progression in affected individuals, including adults."

About one in 500 newborns suffer from genetic hearing loss and currently there are not any approved therapeutics to treat deafness.

In the new study, researchers targeted a specific mutation in the microRNA-96 (MiR-96) gene that causes progressive hearing loss in mice and plays a crucial role in regulating gene expression in hair cells (sensory cells responsible for hearing) of mammals. In humans, this mutation has been identified as a cause of a form of dominant inherited progressive hearing loss called DFNA50. The researchers created a mouse model carrying the mutation that mirrored the progressive hearing loss in humans with DFNA50; by four weeks of age, these models exhibited complete hearing loss at high frequencies.

The team employed a CRISPR/Cas9 genome editing approach to target and disrupt this mutation, that was delivered to the inner ear through an injection of an adeno-associated virus (AAV) carrying the editing machinery. They compared injections at two time points, during early development and adult stages, and demonstrated robust preservation of auditory function in both cases long term, with earlier intervention proving most optimal.




The study also looked at safety of the AAV-mediated genome editing approach and found it had a good safety profile that includes little off-target effect and no detectable long-term integration of the AAV vector in the genome. This suggested minimal potential risk and supports the feasibility of future clinical applications in people.

Chen and his team have designed a construct to contain all known microRNA mutations to be used in humans, and in conjunction with Mass General Brigham's Gene and Cell Therapy Institute, plan to conduct IND-enabling studies in additional preclinical models in the hopes of moving this treatment approach into a first-in-human clinical trial. Studies like this one show the promise of gene therapy for treating conditions such as hearing loss. Mass General Brigham's Gene and Cell Therapy Institute is helping to translate scientific discoveries made by researchers into first-in-human clinical trials and, ultimately, life-changing treatments for patients.

This latest research from Chen and colleagues marks a significant step forward in the field of gene therapy for hearing disorders, offering hope for future clinical trials aimed at restoring auditory function in people with genetic forms of hearing impairment. Chen and his collaborators have also conducted clinical trials looking at a different gene therapy approach for another form of deafness, DFNB9 caused by mutations in the OTOF gene. That clinical trial in China has demonstrated positive results in children treated in one and both ears. Chen hopes the technology developed in the OTOF trial, such as minimally invasive AAV delivery into the human inner ears, will accelerate the development of editing therapy into the clinic.

"With more than 150 forms of genetic deafness, our research offers further hope for patients that previously lacked any options beyond a cochlear implant," said Chen. "These findings suggest a need for more rigorous studies building on proof-of-concept papers like these, to achieve our goal of developing different treatment approaches to target every one of these mutations."
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Loneliness increases risk of age-related memory loss | ScienceDaily
About a third of Canadians feel lonely, and a study from the University of Waterloo shows it has a greater negative impact on memory than even social isolation, though both present a significant risk to the aging population.


						
Loneliness is a subjective emotion that people might feel even while engaging in social activities. It is often associated with depression and an increase in stress hormones that may contribute to impaired memory.

Waterloo researchers examined four combinations of social isolation and loneliness and their effect on memory in middle-aged and older adults over a six-year period. These combinations include being socially isolated and lonely, being only socially isolated, being only lonely and being neither.

"As we expected, people who were both socially isolated and lonely had the greatest decline in memory, which intensified over the six years," said Ji Won Kang, lead author on the paper and a PhD candidate in the School of Public Health Sciences at Waterloo. "But we were surprised to find that loneliness alone had the second-greatest impact on memory, even though so many studies report on the dangers of social isolation without considering loneliness."

Those who aren't lonely but are socially isolated may be stimulating their mental capacity with solo activities, such as reading, playing games and engaging in hobbies that improve memory and stimulate the brain, despite not engaging in social activities.

Kang hopes the findings of this research will highlight the need for community programs, especially for the combined group of older adults who are both socially isolated and lonely, and therefore at the highest risk of memory impairment.

"Older adults in the lonely category often have lower incomes than the other groups and may have structural barriers and health conditions preventing them from connecting to their communities," she said. "A solution could be to implement transportation or home-visit programs -- something to address the societal issues that lead to them being more isolated."

The group who is just lonely is the next priority, requiring a different approach.

"We would need to know what is causing their loneliness," Kang said. "They may be connected socially and have close relationships, but for example, maybe their marriage is falling apart and they would benefit from counselling."
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Nanoparticle vaccines enhance cross-protection against influenza viruses | ScienceDaily
To offer cross-protection against diverse influenza virus variants, nanoparticle vaccines can produce pivotal cellular and mucosal immune responses that enhance vaccine efficacy and broaden protection, according to a study by researchers in the Institute for Biomedical Sciences at Georgia State University.


						
The study, published in the journal Nature Communications,offers valuable insights into tailoring immunization strategies to optimize influenza vaccine effectiveness. To alleviate the significant public health burden of influenza epidemics and occasional pandemics, it's essential to enhance influenza vaccine cross-protection, according to the authors.

While the Centers for Disease Control and Prevention (CDC) recommends annual influenza vaccination, current seasonal influenza vaccines typically provide strain-specific and short-lived immunity. Seasonal influenza vaccines offer limited cross-protection against antigenically diverse virus variants and provide no defense against sporadic influenza pandemics, the authors explained.

"Developing effective influenza vaccines or vaccination strategies that can confer cross-protection against variant influenza viruses is a high priority to mitigate the public health consequences of influenza," said Dr. Chunhong Dong, first author of the study and a postdoctoral fellow in the Institute for Biomedical Sciences at Georgia State.

In the study, the researchers investigated the effects of immunization strategies on the generation of cross-protective immune responses in female mice using mRNA lipid nanoparticle (LNP) and protein-based polyethyleneimine-HA/CpG (PHC) nanoparticle vaccines targeting influenza hemagglutinin. The mice were immunized with either intramuscular mRNA LNP or intranasal PHC vaccines in a typical prime-plus-boost regimen. A variety of sequential immunization strategies were included in this study for parallel comparison.

"We demonstrated that cellular and mucosal immune responses are pivotal correlates of cross-protection against influenza," said Dr. Baozhong Wang, senior author of the study and a Distinguished University Professor in the Institute for Biomedical Sciences at Georgia State. "Notably, intranasal PHC immunization outperforms its intramuscular counterpart in inducing mucosal immunity and conferring cross-protection. Sequential mRNA LNP prime and intranasal PHC boost demonstrated optimal cross-protection against antigenically drifted and shifted influenza strains."

The study highlights the importance of immunization orders and indicates that in a sequential immunization, an mRNA vaccine priming plays an important role in steering the Th1/Th2 immune responses. Also, the intranasal PHC boost is crucial to the induction of mucosal immunity, Wang said.

Additional authors of the study include Wandi Zhu, Lai Wei, Joo Kyung Kim, Yao Ma and Sang-Moo Kang of the Institute for Biomedical Sciences at Georgia State.

The study is funded by the National Institutes of Health (NIH)/National Institute of Allergy and Infectious Diseases (NIAID).
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Can we predict how fast cognitive decline will occur with early Alzheimer's? | ScienceDaily
A new study looks at predicting how quickly people with early Alzheimer's disease will experience cognitive decline. The study is published in the July 10, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. It also looked at how the new drugs recently approved for the disease may reduce decline.


						
"The rate of cognitive decline varies greatly from person to person, and people are very interested in what to expect from the disease in themselves or their loved ones, so better prediction models are urgently needed," said study author Pieter J. van der Veere, M.D., of Amsterdam University Medical Center, Netherlands.

The researchers developed models to predict how quickly people's scores would decline on a test of thinking and memory skills. Then they compared the models to actual results from people over time. They studied 961 people with an average age of 65 -- 310 had mild cognitive impairment and 651 had mild dementia. All had the amyloid-beta plaques in their brains that are an early sign of Alzheimer's disease and are targeted by the new drugs.

For the cognitive test, scores range from zero to 30, with scores of 25 and higher indicating no dementia, scores of 21 to 24 indicating mild dementia, scores of 10 to 20 indicating moderate dementia and scores lower than 10 indicating severe dementia. The test scores of the people with mild cognitive impairment declined from 26.4 at the beginning of the study to 21.0 five years later. The scores of people with mild dementia declined from 22.4 to 7.8 five years later.

The models were helpful in predicting the rate of cognitive decline, but also show the uncertainty of these predictions, van der Veere noted. For half of the people with mild cognitive impairment, the actual test score differed by less than two points from the predicted score. For the people with mild dementia, the scores differed by less than three points for half of the people.

The researchers determined that a hypothetical person with mild cognitive impairment, a baseline test score of 28 and a certain level of amyloid plaques would be predicted to reach the stage of moderate dementia (test score of 20 points) after six years. When a treatment with drugs would reduce the rate of decline by 30%, this person would not reach the stage of moderate dementia until after 8.6 years. For a hypothetical person with mild dementia, a baseline score of 21 and a certain level of amyloid, the predicted time to reach a score of 15 points was 2.3 years, or 3.3 years when decline would be reduced by 30%.

Van der Veere said, "We understand that people with cognitive problems and their care partners are most interested in answers to questions like 'How long can I drive a car?' or 'How long can I keep doing my hobby?' In the future, we hope that models will help make predictions about these questions about quality of life and daily functioning. But until then, we hope these models will help physicians translate these predicted scores into answers for people's questions."

A limitation of the study was that the cognitive tests were not always given at the same time of day and people with cognitive decline may score lower later in the day when they are more tired.

The study was supported by Eisai, ZonMW and Health~Holland, Top Sector Life Sciences & Health.
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Prime editing efficiently corrects cystic fibrosis mutation in human lung cells | ScienceDaily
Cystic fibrosis is one of the most common genetic disorders, causing thick mucus build-up in the lungs and other parts of the body, breathing problems, and infection. A three-drug cocktail known as Trikafta has greatly improved patient quality of life since its development in 2019, but can cause cataracts and liver damage and must be taken daily at a cost of about $300,000 per year.


						
Now, researchers at the Broad Institute of MIT and Harvard and the University of Iowa have developed a gene-editing approach that efficiently corrects the most common mutation that causes cystic fibrosis, found in 85 percent of patients. With further development, it could pave the way for treatments that are administered only once and have fewer side effects.

The new method, published today in Nature Biomedical Engineering, precisely and durably corrects the mutation in human lung cells, restoring cell function to levels similar to that of Trikafta. The approach is based on a technique called prime editing, which can make insertions, deletions, and substitutions up to hundreds of base pairs long in the genome with few unwanted byproducts. Prime editing was developed in 2019 by the lab of David Liu, who is the Richard Merkin Professor and director of the Merkin Institute of Transformative Technologies in Healthcare at the Broad, as well as a professor at Harvard University and a Howard Hughes Medical Institute investigator.

"We are hopeful that the use of prime editing to correct the predominant cause of cystic fibrosis might lead to a one-time, permanent treatment for this serious disease," said Liu, the senior author on the study. "Developing a strategy to efficiently correct this challenging mutation also provided a blueprint for optimizing prime editing to precisely correct other mutations that cause devastating disorders."

Postdoctoral researcher Alex Sousa and graduate student Colin Hemez, both from Liu's lab, were first authors on the study.

Gene repair

Cystic fibrosis is caused by mutations in the CFTR gene that impair ion channels in the cell membrane that pump chloride out of cells. There are more than 2,000 known variants of the CFTR gene, 700 of which cause disease. The most common is a three base-pair CTT deletion that causes the ion channel protein to misfold and degrade.

Correcting the CTT deletion in CFTR has long been the goal of gene-editing therapies by labs including Liu's, but most attempts have not been efficient enough to confer a therapeutic benefit, or use approaches such as CRISPR/Cas9 nuclease editing that generate double-stranded breaks in DNA, which can generate unwanted changes in the target gene and other locations in the genome.

Prime editing, a more flexible and controlled kind of gene editing that does not require double-stranded breaks, could help address this limitation. To more efficiently correct the CFTR mutation, Liu's team combined six different enhancements to the technology. These included improving the prime editing guide RNAs that program prime editor proteins to find their target and to make the desired edit, as well as modifying the prime editor protein itself and other changes that make the target site more accessible. In combination, these refinements corrected about 60 percent of the CTT deletions in human lung cells and about 25 percent in cells taken directly from patient lungs and grown in a dish, an increase from previous methods that corrected less than 1 percent of the mutation in cells. The new approach also generated 3.5 times fewer unwanted insertions and deletions per edit than previous methods that use the Cas9 nuclease enzyme.

Next, researchers will need to develop ways to package and deliver the prime editing machinery to the airways in mice and ultimately humans. The team is hopeful that recent developments such as lipid nanoparticles that reach the lungs in mice may help expedite translation of this approach.
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New immune cell therapy benefits laboratory models of ALS and has some positive results in an individual with the disease | ScienceDaily
Immune system dysregulation and elevated inflammation contribute to the development of the fatal neurodegenerative condition amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig's disease.


						
In new research published in The FASEB Journal, repeated infusions of certain immune cells delayed ALS onset and extended survival in mice, and also reduced markers of inflammation in an individual with the disease. The work was conducted by investigators at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare.

"This makes the first step towards a phase I clinical trial of our new cell therapy for ALS, which is now in the planning stage," said senior author Mark C. Poznansky, MD, PhD, Director of the Vaccine and Immunotherapy Center, an attending physician in General and Transplant Infectious Diseases Medicine at Massachusetts General Hospital, and a professor of Medicine at Harvard Medical School.

Previous work by the group of Ruxandra F. Sirbulescu, PhD, assistant professor of Neurology and co-corresponding author of the article, showed that direct application of purified B cells, which are immune cells known to produce antibodies, can reduce inflammation and promote recovery in mice with skin or brain injuries.

The benefits resulted from a process termed pligodraxis, in which the B cells adopt immunoregulatory and neuroprotective characteristics to support the repair of damaged tissues in an injured environment.

"What we observed early on in preclinical studies has been a remarkable effect of B cells in the context of brain lesions -- both brain structure and function were protected by treatment with these cells, which made us consider applying them as a therapeutic in the context of neurodegenerative disease," Sirbulescu said.

In this latest research, the team assessed the effects of B cell infusions in mice prone to ALS and in a person living with the disease.




In mice, repeated intravenous treatments of B cells from donor mice significantly delayed disease onset, extended survival, reduced cell death, and decreased a marker of neurodegeneration.

In the human patient, repeated infusions of donor B cells were safe and led to decreased levels of multiple inflammatory markers.

"We were able to show that B cells, which can be readily obtained from the blood, could treat ALS in a well-established mouse model of the disease, and we obtained permission from the US Food and Drug Administration and our hospital to try this treatment approach in an individual with ALS," said Poznansky.

"We were able to show safety and efficacy, as well as how the B cell therapy worked in mice, and we demonstrated that our approach was safe and feasible in a human. This is a first study of its kind to apply B cells to the treatment of ALS and sets us up for a trial of this new treatment approach to a currently incurable disease." Mark Poznansky, MD, PhD
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Trial of cell-based therapy for high-risk lymphoma leads to FDA breakthrough designation | ScienceDaily
CAR-T cell therapy, which targets a specific protein on the surface of cancer cells, causes tumors to shrink or disappear in about half of patients with large B-cell lymphoma who haven't experienced improvement with chemotherapy treatments.


						
But if this CAR-T treatment fails, or the cancer returns yet again -- as happens in approximately half of people -- the prognosis is dire. The median survival time after relapse is about six months.

Now, a phase 1 clinical trial at Stanford Medicine has found that a new CAR-T cell therapy that targets a different protein on the surface of the cancer cells significantly improved these patients' outcomes: Over half of 38 people enrolled in the trial -- 37 of whom had already relapsed from the original CAR-T therapy -- experienced a complete response of their cancers. More than half of all treated patients lived at least two years after treatment.

"On average, the patients enrolled in this trial had received four previous lines of therapy," said assistant professor of medicine and the trial's principal investigator Matthew Frank, MD, PhD. "These patients are out of likely curative options, and they are scared. Half of them will die within five to six months. But in this trial, we saw a very high rate of durable complete responses, meaning their cancers became undetectable."

'Breakthrough therapy'

The original CAR-T therapy, approved by the Food and Drug Administration in 2017, involves removing immune cells from the patient and inserting a gene to help the cells attack a protein called CD19 on the surface of the lymphoma cells. The new version of the therapy instead targets a molecule called CD22.

In September 2022, the FDA designated CD22-targeting CAR-T therapy for large B-cell lymphoma a Breakthrough Therapy, a move that is meant to speed the development and review of particularly promising drugs that may provide a substantial improvement over existing therapies for serious conditions.




The study was devised and conducted entirely at Stanford Medicine.

"This trial was an example of what it means to take an idea from preclinical studies in animals all the way into the patient at an academic medical center," said David Miklos, MD, PhD, professor of medicine and chief of bone marrow transplantation and cellular therapy. "Remarkably, the FDA -- after reviewing our preliminary data -- contacted us to urge us to apply for breakthrough therapy designation, rather than waiting for us to approach them. This will help us significantly as we move into larger clinical trials."

A larger, phase 2 trial led by Frank is now ongoing at multiple sites around the country.

Miklos is the senior author of the study, which will be published July 9 in The Lancet. Frank; assistant professor of medicine John Baird, MD; and postdoctoral scholar Anne Kramer, MD, PhD, are the lead authors of the research.

CAR-T cell therapy was first approved by the FDA as a treatment for relapsed or treatment-resistant diffuse large B-cell lymphoma and for children and young adults under 25 with acute lymphoblastic leukemia.

Six CAR-T cell therapies are now approved for several types of lymphoma, multiple myeloma and acute lymphoblastic leukemia. Four of these therapies target CD19, which is found on the surface of healthy and cancerous B cells; two target another protein on the cells' surface called B cell maturation agent.




CD22 is another protein found on the surface of mature B cells, and researchers have been eying it for some time as a possible second target for CAR-T cell therapy. That's because, although CAR-T cell therapy targeting CD19 is typically successful, many patients relapse quickly as the cancer cells figure out how to reduce the amounts of CD19 on their surfaces or their engineered immune cells become exhausted from a prolonged attack.

Several trials have experimented with engineering CAR-T cells that recognize both CD19 and CD22 -- exploring whether a double volley of attack might eliminate cancer cells before they learn how to evade the treatment.

These efforts have met with mixed success. While more people with acute lymphoblastic leukemia responded to the double-targeted CAR-T therapy, the results for people with lymphoma were more tempered. In a trial conducted at Stanford Medicine, the therapy had some efficacy but was no more effective than targeting CD19 alone. Frank, Miklos and their colleagues wondered what would happen if only CD22 were targeted.

A new target

The researchers collected immune cells called T cells from 38 patients with large B-cell lymphoma whose cancers had started growing after previous therapies including chemotherapy. All but one of the patients had also progressed after CAR-T therapy targeting CD19; the cancer cells of the one remaining patient did not express CD19 on their surfaces.

The T cells were grown and genetically engineered to target CD22 in Stanford Medicine's Laboratory for Cell and Gene Medicine in partnership with the Center for Cancer Cell Therapy. They were then infused back into the patients from whom they were derived.

Of the 38 patients, 68% saw their cancers shrink, and 53% achieved a complete response, meaning their cancers were no longer detectable.

"This is not just a high response rate, but many of these remissions have been quite durable over a median of 30 months of follow-up," Frank said. "If this holds true in larger trials, it will surpass other therapeutic option we have for these patients." Additionally, most patients experienced minimal, manageable side effects.

The results of the trial are the first in a series of hurdles CD22-targeted CAR-T cell therapy will have to clear for it to be approved by the FDA for routine clinical use for those with intractable large B-cell lymphoma. According to Miklos, it also highlights the advantages of intertwining medicine and research.

"We conducted the preclinical studies at Stanford Medicine, translated the findings in our cell manufacturing and cancer cell therapy centers, and cared for the patients here," Miklos said. "This pipeline allows us to leverage our research and clinical findings in an iterative way. If something is not working, we can refocus and retool our approach to pivot quickly to new approaches to help our patients."

"It is rare for an academic medical center to attain a breakthrough designation," Frank noted. "It's humbling. Larger trials need to be completed, and FDA approval is not guaranteed, but this is a huge achievement for all the members of the team and a hopeful sign for patients and their caregivers."

Researchers from Chang Gung Memorial Hospital at Linkou, Taoyuan, Taiwan and Cancer Center Amsterdam, who are currently working at Stanford, contributed to the work.

The study was funded by the National Institutes of Health (grants 2P01CA049605-29A1, 5P30CA124435 and K08CA248968), the Virginia and D.K. Ludwig Fund for Cancer Research, the Parker Institute for Cancer Immunotherapy, the European Hematology Association, the Lymph&Co Foundation, and the Leukemia and Lymphoma Society.

Miklos has consulted for Kite Pharma-Gilead, Juno Therapeutics-Celgene, Novartis, Janssen and Pharmacyclics. Research support from Kite Pharma-Gilead, Allogene, CARGO Therapeutics, Pharmacyclics, Miltenyi Biotec and Adaptive Biotechnologies.

Frank has consulted for Kite Pharma-Gilead, Adaptative Biotechnologies and CARGO Therapeutics; he has also received research support from Kite-Pharma-Gilead, Allogene Therapeutics, Cargo Therapeutics and Adaptative Biotechnologies.

Study co-author Crystal Mackall, MD, the Earnest and Amelia Gallo Family Professor and professor of pediatrics and of medicine, is a founder of CARGO Therapeutics and holds equity in and consults for the company. CARGO holds the license for the CD22-directed CAR-T cell therapy.
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Major trial looks at most effective speech therapy for people with Parkinson's disease | ScienceDaily
A major clinical trial, led by experts at the University of Nottingham, has shown the Lee Silverman Voice Treatment (LSVT LOUD(r)) is more effective than the current speech and language therapy provided by the NHS, when treating patients with Parkinson's disease (PD).


						
The results of the NIHR HTA funded trial, which are published today in the BMJ, showed that LSVT LOUD(r) was more effective at reducing the participant's reported impact of voice problems than no speech and language therapy, as well as the NHS delivered speech and language therapy.

The trial was led by experts from the Universities of Nottingham and Birmingham, along with colleagues at Sandwell and Dudley Hospital Trust, University College London, King's College London, the University of Bangor, Canterbury Christ Church University and Glasgow Caledonian University.

It was carried out by NHS Speech and Language Therapy services across the UK and co-ordinated and analysed by the team at the Birmingham Clinical Trials Unit (BCTU) at the University of Birmingham.

Professor Catherine Sackley, from the School of Health Sciences and the NIHR Nottingham Biomedical Research Centre, led the study. She says: "The impact of speech and communication problems in people with PD can cause them to feel stigmatised. It can stop them going out, stop them socialising, and stop them doing day-to-day tasks such as shopping, which can have a detrimental impact on their quality of life.

"This is the first study of its kind to look at the most effective treatment options. The results clearly show that, delivered in this way, the LSVT LOUD(r) method is both effective and it can be cost effective. The NHS method as it is currently delivered is not effective. Now we have this data, we need to look at other factors and whether if different therapies are delivered in different ways, this would further impact the results."

Building on a pilot study funded by The Dunhill Medical Trust, participants were recruited from 40 NHS sites across the UK and were randomised into three groups. One group received the LSVT LOUD(r), one received the current NHS speech and language treatment and the third didn't receive any therapy.




LSVT LOUD(r) is an effective speech treatment for people with PD and other neurological conditions. The treatment trains people with PD to use their voice at a more normal loudness level while speaking at home, work, or in the community. Patients are given voice exercises to do this.

The NHS treatment is a personalised programme delivered by a therapist and is less intensive. It is delivered over six to eight sessions rather than the LSVT LOUD(r) which is delivered in 16 sessions over four weeks.

Between September 2016 and March 2020, 388 people with PD and Dysarthria (difficulty speaking) took part in the trial. 130 were allocated to the LSVT LOUD(r) group, 129 to the NHS therapy group and 129 received none.

LSVT LOUD(r) consisted of four face-to-face or remote 50-minute sessions, each week delivered over four weeks, with additional home-based practice. The NHS speech and language therapy was determined by the local therapist in response to a participant's individual needs, an average of one session every other week was delivered over 11 weeks.

The findings of the trial showed that LSVT LOUD(r) was more effective at reducing the impact of Dysarthria than no speech and language therapy and the NHS version. The NHS therapy showed no evidence of benefit compared to no speech and language therapy.

Adrian Wrigley, who has Parkinson's said: "Speech and language therapy research is very important to me personally, as I've seen firsthand how the loss or reduction of our main communication tool leads to higher levels of frustration and anxiety not only for those of us with Parkinson's but our partners and friends. So the development of a treatment that works is very important for the Parkinson's community."

The study was funded by the National Institute for Health Research, Health Technology Assessment programme.
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Cirrhosis affects twice as many transgender adults as cisgender adults, study finds | ScienceDaily
Cirrhosis is chronic, progressive end-stage liver disease that occurs when scar tissue prevents the liver from functioning normally. Studies have shown that two of the leading causes of cirrhosis -- alcohol use disorder and viral hepatitis -- occur more frequently in transgender individuals, but there has been little research examining if these risk factors translate into greater incidences of cirrhosis among transgender patients.


						
A new study from Keck Medicine of USC published in The American Journal of Gastroenterology finds that transgender adults have double the prevalence of cirrhosis compared to cisgender adults (people whose gender identity matches the sex they were assigned at birth), suggesting a need for more supportive, preventive care.

"Our study reveals that cirrhosis disproportionately affects transgender individuals and highlights a pressing health issue that needs addressing," said Brian P. Lee, MD, MAS, a hepatologist and liver transplant specialist with Keck Medicine and principal investigator of the study.

Lee and his colleagues launched the study to provide scientifically backed liver health guidance for physicians so they could offer transgender patients a higher level of care.

Besides discovering that transgender cirrhosis rates are double that of the cisgender population, the study authors also learned that the majority of transgender adults with cirrhosis (60%) have a diagnosis of anxiety and/or depression, compared to 40% of the cisgender patients with cirrhosis.

They also found that alcohol was the leading cause of cirrhosis in the transgender group, accounting for some 60% of cases while the percentage of cisgender adults with alcohol-associated cirrhosis was approximately 50%.

In other findings, transgender patients with cirrhosis also tended to be younger (a larger portion were 44 or younger), had higher rates of viral hepatitis and were five times more likely to have HIV/AIDS than their cisgender counterparts.




Possible reasons behind the disparity 

Lee hypothesizes that the increased rates of depression and anxiety may be driving higher rates of alcohol use among transgender patients, which in turn, may result in greater cases of cirrhosis.

The increased rate of HIV/AIDS among transgender patients may also be a factor in that both conditions are known to be associated with liver disease progression, according to Lee.

Lack of access to quality health care could also play a role, hypothesizes Jeffrey Kahn, MD, a hepatologist and liver transplant physician with Keck Medicine and co-author of the study.

Researchers also studied the five-year outcomes among all transgender and cisgender patients with cirrhosis. Interestingly, despite the differences in the two groups, the number of possible negative outcomes of cirrhosis -- liver failure, liver transplant and liver cancer, as well as death, by any cause -- was the same.

"This finding suggests that the transgender community is underserved in the initial stages of liver disease, but individuals are able to secure the care they need once cirrhosis is diagnosed," said Kahn. "Early prevention is key because if liver disease is caught in time, there is less of a chance it will progress to cirrhosis."

To reach their conclusions, study authors culled data from a large national database, Optum Clinformatics(r) Data Mart Database (Optum), that contained medical claims for more than 60 million patients covered by commercial insurance or Medicare between the years of 2007-2022. They first identified all transgender and cisgender adults, and then compared the incidences of cirrhosis among each group as well as causes of the disease. Additionally, researchers tracked depression and anxiety in patients.




Lee and Kahn hope the study will spur more research and motivate health care practitioners to provide transgender patients with extra support, including liver screenings and access to mental health resources. "This population requires specific attention from clinicians and researchers alike," said Lee.

Keck Medicine efforts to support transgender patient wellness 

Keck Medicine launched the USC Gender-Affirming Care Program to provide tailored, supportive health care to the transgender population. The program provides a full range of expert, compassionate health care services for the transgender, non-binary and gender-diverse community, including everything from routine health care, such as preventive cancer screenings, yearly checkups and flu shots, to gender-affirming hormone therapy and surgery.

The program is comprised of physicians from several disciplines, including family medicine, plastic surgery, gynecology, urology and otolaryngology. Specialists in voice, occupational and physical therapy are also available to patients.

Additionally, Keck Medicine hospitals have been awarded the 'LGBTQ+ Healthcare Equality Leader' designation in the Human Rights Campaign Foundation's 2024 Healthcare Equality Index (HEI) for seven times in recent years. HEI is the leading national benchmarking survey of health care facility policies and practices dedicated to the equitable treatment and inclusion of LGBTQ+ patients, visitors and employees.
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Rapid growth, persistent challenges in telemedicine adoption among US hospitals | ScienceDaily
A new study led by Michigan State University researchers shows a significant increase in telemedicine services offered by U.S. hospitals from 2017 to 2022, while also highlighting persistent barriers to its full implementation.


						
The comprehensive analysis of telemedicine adoption in U.S. hospitals during these years reveals both significant progress and ongoing challenges in the health care sector's digital transformation. The study, published in the Journal of General Internal Medicine, found that the percentage of hospitals offering at least one form of telemedicine service increased from 46% in 2017 to 72% in 2021, with a dramatic surge in patient utilization during the COVID-19 pandemic.

Led by John (Xuefeng) Jiang, Eli Broad Endowed Professor of accounting and information systems at Michigan State University, the research team analyzed data from the American Hospital Association's annual surveys and AHA IT Supplemental Survey, which provides information about electronic medical records, interoperability, health information exchange barriers, reporting, and degree of electronic transition, to explain telemedicine's growth and the obstacles hindering its full potential.

"Our findings demonstrate the rapid acceleration of telemedicine adoption, particularly in response to the COVID-19 pandemic," said Jiang. "However, we also uncovered significant disparities in implementation across different hospital types and persistent challenges in health information exchange that need to be addressed to fully realize telemedicine's benefits."

Key findings of the study include:
The study also revealed that hospitals face significant challenges in exchanging electronic health information, with 85% reporting issues due to interoperability across different vendor platforms.

Joseph Ross, professor at the Yale School of Medicine and co-author of the study, emphasized the need for broader access to telehealth services.

"The lower rates of telehealth service availability in smaller and for-profit hospitals suggests that efforts are needed to ensure these services are broadly available to patients across all hospitals, enabling patients to obtain the care they need," he said.

Ge Bai, former doctoral student in the MSU Broad College of Business and current professor of accounting and health policy at Johns Hopkins University and another co-author, highlighted the potential of telemedicine and the obstacles it faces.




"Telemedicine has the potential to improve hospital care, but our study identified important barriers that are preventing hospitals from reaching this potential," Bai said.

This research builds upon previous work by Jiang, Bai and their colleagues. A related study published in Health Affairs Scholar documented the adoption of electronic health records, or EHRs, in U.S. hospitals over the past decade, highlighting EHRs as a crucial prerequisite for offering telemedicine services. Another recent study by the team, also published in Health Affairs Scholar, revealed that some U.S. hospitals face difficulties in reporting adverse effects of COVID-19 vaccines to health care authorities, further underscoring the challenges in health information management and reporting.

"These studies collectively paint a picture of the ongoing digital transformation in U.S. health care," Jiang said. "While we've seen significant progress in areas like electronic health record adoption and telemedicine implementation, persistent challenges in data exchange and reporting highlight the need for continued improvement in our health information systems."

The researchers suggest that policymakers should focus on addressing these challenges to ensure equitable access to telemedicine services and to facilitate seamless health information exchange among health care providers.

"As we look to the future of health care, it's clear that telemedicine will play an increasingly vital role. Our study not only highlights the progress we've made but also serves as a call to action," Jiang said. "By addressing the disparities in adoption and overcoming technical barriers, we can create a more accessible, efficient and patient-centered health care system. The rapid growth we've observed shows the potential; now it's time to ensure that all patients and health care providers can fully benefit from these technological advancements."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710131007.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Chronic allergic disorder EoE's rising incidence in Japan confirmed by large-scale data analysis | ScienceDaily
In one of the first studies of its kind in Japan, Osaka Metropolitan University-led researchers uncovered the incidence and prevalence of the chronic allergic disorder eosinophilic esophagitis, or EoE.


						
EoE can cause difficulty in swallowing with tissue inflammation and fibrosis as eosinophils, a type of white blood cell, build up in the esophagus. EoE cases have been increasing in North America and Western Europe since the 1990s, but little has been known about the situation in Asia including Japan.

Dr. Akinari Sawada, Associate Professor Fumio Tanaka, and Professor Yasuhiro Fujiwara of OMU's Graduate School of Medicine and colleagues analyzed a health insurance claims database spanning January 2005 to September 2022 of 15,200,895 anonymous individuals. These individuals were company employees and their dependents, all under the age of 75. From this data, the research team found 1,010 cases of EoE.

In results published in Clinical Gastroenterology and Hepatology, the researchers assessed the EoE incidence in 2022 as 2.82 per 100,000 person-years and the prevalence as 10.68 per 100,000 people. Compared to 2017 data, the incidence was three times higher and the prevalence was eight times higher.

"In clinical practice, I thought that the number of patients with EoE was likely to increase in Japan. By using large-scale data, we were able to confirm the actual increase in the incidence and prevalence of EoE in this study. We hope that this will lead to raising awareness of EoE in Japan," said Dr. Sawada.
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New technology can detect kidney diseases earlier than standard methods | ScienceDaily
Using an advanced scanner, researchers from Aarhus University, among others, have developed a technology that can detect the earliest changes in the kidney when scar tissue begins to form.


						
"We can measure changes associated with the production of fibrosis earlier than all current methods, which measure the amount of already produced fibrosis," says postdoc Nikolaj Bogh from the Department of Clinical Medicine at Aarhus University, who is the lead author of a new study on the technology.

With the technology, known technically as hyperpolarized 13C-pyruvate MRI, doctors can now see fibrosis formation before it occurs.

This makes it possible to start treatment earlier and potentially prevent irreversible damage to the kidney.

"The method takes a completely new approach, catching scar tissue early by imaging the building blocks that fibrosis consists of," explains Nikolaj Bogh.

Detecting early signs

The technology works by injecting a special form of pyruvate, a natural substance in the body's energy production, into the patient's body.




When pyruvate molecules are hyperpolarized, their magnetic signals are significantly amplified, more than 20,000 times. This allows tracking their conversion in the body using an MRI scanner.

By tracking how pyruvate converts into other substances, doctors can detect early signs of fibrosis before there are visible structural changes that can be captured with standard methods.

The method is not only more effective but also safer and more comfortable for patients, as it eliminates the need for invasive biopsies.

"The scans can open a whole new front in the treatment of kidney patients. We expect to use them to tailor treatment to the individual patient when we can identify patients who need rapid and targeted treatment," explains Nikolaj Bogh.

Transferable to other areas

The technology has the potential to be applied in other areas beyond kidney diseases.




Fibrogenesis, which the technology measures, is not unique to the kidneys but can also be relevant to other organs, such as the heart in certain types of heart failure.

However, to transfer the technology from the laboratory to the clinic, further trials on patients are required.

Nikolaj Bogh and his colleagues have already initiated three clinical studies on patients with various kidney diseases.

The studies aim to demonstrate the method's value, including in identifying diabetic patients at high risk of developing kidney disease.

Although the technology shows great potential, it will be challenging to implement it widely in clinical practice. There are only about 24 of these advanced scanners in the world, and even fewer can examine humans with the technology.

Over the coming years, however, researchers hope to see the technology become more accessible and widespread.

"We hope to see the technology become more available so that patients can benefit from a scanner that is more than 20,000 times more sensitive than the conventional scanners we use in hospitals today," says Nikolaj Bogh.
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Atlas of proteins reveals inner workings of cells | ScienceDaily
Scientists at the University of Cambridge have developed an atlas of proteins describing how they behave inside human cells. This tool could be used to search for the origins of diseases which are related to proteins misbehaving such as dementia and many cancers.


						
The atlas, which is published in Nature Communications, has allowed the researchers to find new proteins inside cells that are responsible for a range of important bodily functions. The team focuses on a droplet-like part of the cell called a condensate which is a meeting hub for proteins to go and organise themselves. These hubs are also key sites where disease processes start.

The predictions are available with the paper so researchers around the globe can explore their protein targets of interest and any surrounding condensate systems.

"This model has allowed us to discover new components in membraneless compartments in biology as well as discover new principles underlying their function." said Professor Tuomas Knowles, who led this research.

Protein condensates

Cells are made of carefully organised molecules and one method they use to organise themselves is by meeting inside a condensate. This hub is microscopic and found inside a cell. These condensates are part of the essential machinery that makes living cells work.

"To date we have not had a comprehensive map of which proteins go together into which condensates, but in our work we provide a first such atlas," said Knowles.




Using AI

The rules directing proteins inside cells are not completely understood so the team decided to build this atlas to predict which proteins meet inside condensates.

"What motivated this research was the desire to understand the full complexity of protein condensates and to go a layer deeper than what scientists have researched so far," said Dr Kadi Liis Saar, first author on this research and a postdoctoral fellow at the Centre for Misfolding Diseases.

The researchers used large databases, such as StringDB and BioGRID, which contain data on many aspects of cells, along with more in-depth case studies about individual condensates.

The power of AI lets scientists combine these data even though the information is complex, vast, and difficult to compare. Where previous work focussed on a handful of proteins, the atlas can characterise the full landscape of a cell.

"With this atlas we can make predictions about every single protein in a cell, where exactly it would be found and what sorts of other proteins it interacts with," commented Saar. "We hope that this generates opportunities for researchers and opens up new possibilities for intervention in diseases associated with aberrant condensate formation."

Protein discoveries




The AI found proteins present in the model cell that had never been observed before. If these proteins are now found in a lab then this is a good indicator that the AI is accurate.

"In our study, we discovered proteins within condensates that have never been seen there before. These proteins are involved in important functions in the body, such as the distribution of fat, the creation of actin inside cells, and the creation of new proteins. These proteins were not detected in the previous study that we used as our training set.

"We hope these data will enable new discoveries about the biological roles of condensates as well as the biophysical drivers behind condensate formation."
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Discovery of a new defense mechanism in bacteria | ScienceDaily
When confronted with an antibiotic, toxic substance, or other source of considerable stress, bacteria are able to activate a defence mechanism using cell-to-cell communication to 'warn' unaffected bacteria, which can then anticipate, shield themselves and spread the warning signal. This mechanism1 has just been described for the first time by a team of scientists2 from CNRS and Universite de Toulouse III -- Paul Sabatier. It paves the way for the development of new, more effective antibiotic treatments that can target this bacterial communication system.


						
When they perceive a source of stress, bacteria spring into action, inducing changes in the expression of certain genes and their physiological properties to make them less vulnerable to the detected lethal substance. They also produce small 'alarmone' proteins3 on their surface in order to contact and activate random neighbouring bacteria. Unstressed bacteria can only change state in the presence of a sufficient amount of alarmones. Thus, only a source of stress perceived by sufficient bacteria can trigger propagation of this activation4.

The mechanism offers several advantages: it limits the unnecessary use of energy and enables a rapid and coordinated response in the population. Because activation is gradual, it creates diversity in the population over time, thus increasing the bacteria's chances of survival.

These findings, published on 10 July in Nature Communications, were established using a dozen different families of antibiotics on populations of Streptococcus pneumoniae, the bacteria that causes pneumococcal infections.

Notes

1 -- Known as Self Induction and Propagation (SI&P)

2 -- Working at the Laboratoire de microbiologie et de genetique moleculaires (CNRS/ Universite Toulouse III-Paul Sabatier)

3 -- Also known as Competence Stimulating Peptide (CSP)

4 -- This prevents the mechanism from being triggered when the source of stress only affects a single bacterial cell. Activation due to an internal source of stress that is unique to a cell, for example, does not trigger the mechanism.
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Researchers customize AI tools for digital pathology | ScienceDaily
Scientists from Weill Cornell Medicine and the Dana-Farber Cancer Institute in Boston have developed and tested new artificial intelligence (AI) tools tailored to digital pathology -- a rapidly growing field that uses high-resolution digital images created from tissue samples to help diagnose disease and guide treatment.


						
Their paper, published in The Lancet Digital Health on July 9, demonstrates that ChatGPT, an AI language model developed to understand and generate text, can be tailored to provide accurate responses to questions about digital pathology and compile detailed results. The authors also found that ChatGPT can help pathologists without extensive coding experience use complex software that analyzes tissue samples, helping bridge the gap between pathology and digital pathology skills.

ChatGPT is a large language model (LLM), meaning it generates text on a wide range of topics using extensive amounts of data. "LLMs are good for general tasks, but they aren't the best tools for getting useful information for specialized fields," said the study's lead author Dr. Mohamed Omar, assistant professor of research in pathology and laboratory medicine and a member of the Division of Computational and Systems Pathology at Weill Cornell Medicine. Dr. Luigi Marchionni, associate professor in pathology and laboratory medicine and head of the Division of Computational and Systems Pathology, is also a co-author on this study.

To create AI tools that could increase the efficiency and accuracy needed for the nuanced decision-making necessary in digital pathology, corresponding author Dr. Renato Umeton, director of Artificial Intelligence Operations and Data Science Services, Informatics & Analytics Department at Dana-Farber, spearheaded the effort to customize ChatGPT.

Boosting AI Accuracy for Pathology

"General LLMs have two major problems. First, they often provide lengthy generic responses that don't contain useful information," Dr. Omar said. "Second, these models can hallucinate and make things up out of nowhere, including literature citations. This is especially bad in specialized fields like digital pathology and cancer biology, for example."

To address the glitches, Dr. Umeton started with a safe, private and secure ChatGPT version implemented at Dana-Farber Cancer Institute (GPT4DFCI). The researchers augmented GPT4DFCI with access to a comprehensive and curated database of the latest developments in digital pathology, consisting of 650 publications from 2022 onward, which added over 10,000 pages of literature.




"We could ask this new system to catch us up on many specific topics or techniques in digital pathology and get results in seconds, with a level of detail, depth and summarization that doesn't exist in current scientific literature tools or search engines," Dr. Umeton said.

They used a technique called retrieval-augmented generation (RAG), which enabled GPT4DFCI to access relevant documents or information from this specialized database and generate accurate responses to user prompts about digital pathology, but nothing outside of that realm.

Dr. Omar and his colleagues compared the responses from GTP4DFCI to those provided with the more general GPT-4 model. By requiring GTP4DFCI to provide links to the specific publications it used to generate responses, they determined that the answers were accurate and grounded. The refined model provided more precise and relevant answers than GPT-4 and did not hallucinate even once.

"My hope is that this will be a catalyst for more domain-specific tools in other fields of medicine or medical research," Dr. Omar said.

AI Provides a Helping Hand with Coding

The second AI program the team developed helps pathologists use PathML, a specialized software library that requires familiarity with the programming language Python for analyzing vast and complex histopathology image datasets. "Pathologists or scientists without prior coding experience often find PathML very challenging to use for image analysis tasks," said Dr. Omar.

The researchers integrated PathML with ChatGPT, allowing users to simply type in their questions about running histopathology analyses with PathML. The tool then provides step-by-step, accurate instructions on coding for their samples.

"Our research shows that, when combined with the proper information retrieval techniques, ChatGPT and safeguarded AI tools, like GPT4DFCI, can be extremely effective in supporting basic researchers," Dr. Umeton said. "These tools are helpful even across very complex topics that need extremely precise answers, like digital pathology."
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Young people believe that artificial intelligence is a valuable tool for healthcare | ScienceDaily
Children and young people are generally positive about artificial intelligence (AI) and think it should be used in modern healthcare, finds the first-of-its-kind survey led by UCL and Great Ormond Street Hospital (GOSH).


						
The national study asked children and young people aged six to 23 years old, across all four UK nations for their views on how they would like AI to be used to enhance their healthcare.

The team was led by Professor Susan Shelmerdine (UCL Great Ormond Street Institute of Child Health and GOSH) and Dr Lauren Lee, a Young Facilitator in the GOSH Young Persons' Advisory Group (YPAG) -- a group that works with GOSH to ensure young people's views are considered.

AI is becoming more available in modern healthcare, particularly in the field of radiology, where it can be used to analyse scans. But while the radiology community, including children's radiologists, are generally positive about AI use, little attention has been paid to how children and young adults feel about the use of AI on their own imaging data.

The results of the survey, which was co-developed with a steering committee of patients and carers from the GOSH YPAG and GOSH parents and Carer Advisory Group (PCAG) for research showed that children and young people are cautious, but generally positive about AI.

The survey results found that young people were keen for AI to be used in healthcare, particularly if it could improve their care and outcomes. However, they wanted the tools to be supervised by healthcare professionals as they feel there are elements of care such as empathy and ethical decision making, that AI cannot mimic and when faced between a human and computer they would be more willing to trust the human.

For specific questions asked about radiology, respondents felt that AI would be accurate at finding problems on bone X-rays and they didn't mind how long the results took, as long as they were as accurate as possible, and that the AI was used with a trusted doctor still in charge of their care.




The study's findings are already being incorporated into research based at GOSH, evaluating and developing AI tools to better detect and describe fractures from a large dataset of x-ray scans in children across Britain. The online survey was sent out to schools, universities and charity partners, encouraging children and young adults to respond over a one-year period.

Lead researcher, Professor Susan Shelmerdine (UCL Great Ormond Street Institute of Child Health and GOSH) and her team are hoping to develop AI tools that can create written reports direct from radiology images and allow patients to ask the AI questions about their imaging.

Professor Shelmerdine said: "The number of trained children's radiologists in the UK is relatively small, so tools like AI could help upskill our workforce to enable more equitable care for patients who don't have the option to visit specialist hospitals like GOSH.

"Nevertheless, we cannot assume that we know what children want. It was encouraging to see that when asked, children and young people were positive about the use of AI in their healthcare, but it was also important to understand what was important to them -- such as human oversight -- so that we can factor this into the development of new tools and treatments."

Study co-lead and Young Facilitator, Dr Lauren Lee of Epsom and St Helier University Hospitals NHS Trust, said: "There are a lot of discussions about how AI can help to facilitate healthcare. Until this study, no one has really asked the younger generation how we feel about it, especially as we will be growing up alongside AI developments.

"It has been great to be able to give young people a voice in this space."
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Cystic fibrosis: School-aged children benefit from triple combination therapy | ScienceDaily
Cystic fibrosis is a hereditary disease that so far has been incurable. Those affected have thick, viscous mucus secretions in their lungs, and lung function diminishes steadily over time. Today, triple combination therapy makes it possible to address the root causes of the defect underlying the disease. This form of treatment was recently approved for children in addition to adults. A recent observational study led by Charite -- Universitatsmedizin Berlin shows that the new treatment significantly improves the health status of school-aged children with cystic fibrosis. The results have been published in the European Respiratory Journal.


						
People with cystic fibrosis experience a buildup of thick, viscous mucus secretions in the lungs, clogging their airways. This leads to shortness of breath, chronic bacterial infections, inflammation and tissue changes in the lungs, with diminishing lung function. Lifelong symptomatic treatment involving daily inhalation of mucus-thinning medications, antibiotics in certain cases, and physical therapy is recommended for those with the disease.

A new therapeutic concept emerged in 2020 as a way to address not only the symptoms, but the cause of the disease: combination therapy with three drugs called elexacaftor, tezacaftor, and ivacaftor. This "triple combination therapy" is taken as a pill and was approved for children six years and older in 2022 and then, in 2023, starting at the age of two years.

"Having this therapy become available for children is a real blessing for our young patients," says Prof. Mirjam Stahl, corresponding author of the study and head of the Division of Cystic Fibrosis at the Department of Pediatric Respiratory Medicine, Immunology and Critical Care Medicine at Charite. "In our recent observational study, which we conducted on children ranging in age from six to eleven years, we were able to show that triple combination therapy leads to a significant improvement in the lung disease."

How the triple combination therapy works 

As a disease, cystic fibrosis is based on genetic defects that cause the molecular structures responsible for normal production of mucus that covers the airway surfaces of the lungs, known as CFTR channels, to work inadequately or not at all. CFTR channels regulate the transportation of salt and water across airway surfaces ensure that the mucus formed is liquid enough. About 90 percent of cystic fibrosis patients have a mutation known as F508del, which causes structural damage to the CFTR channel, so it is not functional.

Two of the drugs involved in the triple combination therapy, elexacaftor and tezacaftor, can correct this structural damage. The third one, ivacaftor, acts as a kind of wedge, keeping the CFTR channel open at all times. "Triple combination therapy makes it possible to boost the functioning of the CFTR channel to as much as 50 percent of normal levels," Stahl says. "We know from a previous observational study of adults that the triple combination therapy is associated with considerable improvement in lung function and quality of life. It's a true game changer for the majority of patients."

Lung function comparable to healthy subjects




But how effective is the triple combination therapy in children of elementary school age? The team of researchers led by Stahl and Prof. Marcus Mall, Director of the Department of Pediatric Respiratory Medicine, Immunology and Critical Care Medicine and the head of the observational study, aimed to find out. The study was conducted at four German cystic fibrosis centers. In addition to Charite, the Hannover Medical School (MHH), Heidelberg University Hospital, and the University Hospital of Giessen were also involved.

The researchers studied 107 children with cystic fibrosis ranging in age from six to eleven years, both before the treatment started and during the prescribed triple combination therapy. Typical examination methods for gauging lung function, such as spirometry, were paired with new and innovative methods such as multiple breath washout and magnetic resonance imaging (MRI) of the lungs. These methods made it possible to detect and visualize changes in the lungs such as widening of the bronchi, thickening of the bronchial walls, and persistent mucus deposits in great detail.

The team of researchers followed the study participants for about a year. "Triple combination therapy significantly reduced the severity of lung disease in young patients and, at least during the one-year study period, also prevented the disease from progressing," Mall says, summarizing the results of the study. "The majority of the children even achieved normal lung function with the triple combination therapy. That's a highly positive result!"

Further research 

Stahl and her team are currently conducting a similar observational study of children ranging in age from two to five years to shed further light on the benefits of triple combination therapy in this age group as well. "We hope starting triple combination therapy in early childhood will be able to prevent the emergence of severe symptoms and the formation of structural changes in the lungs," she says.

The researchers also aim to find out whether the symptom-based therapy for cystic fibrosis can be reduced during triple combination therapy. So far, it has been continued in parallel. Stahl comments: "Needing fewer inhalations would be a huge time saver for patients in day-to-day life and significantly improve their quality of life."

About cystic fibrosis




Cystic fibrosis is one of the most common fatal hereditary diseases worldwide. As many as 8,000 children, teens, and adults are living with the disease in Germany today. An imbalance in salt and water levels in the body causes people with cystic fibrosis to produce thick, sticky secretions that harm organs such as the lungs and pancreas. This leads to progressive loss of lung function and shortness of breath, which still significantly lowers life expectancy despite advances in treatment. Some 150 to 200 children are born with this rare disease in Germany each year. A test for cystic fibrosis is part of routine screening for newborns.

About the triple combination therapy

A combination of three drugs -- elexacaftor, tezacaftor, and ivacaftor -- became available in Europe in August 2020. The therapy noticeably improves lung function and quality of life in patients with the most common genetic defect involved in CF, F508del. This means the treatment is an option for nearly 90 percent of those living with cystic fibrosis. The combination therapy was approved for children starting at the age of six years in early 2022 and then for children starting at the age of two years in 2023.
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Researchers elucidate mechanism behind cardiac fibrosis, opening way for new heart failure treatments | ScienceDaily
Cardiovascular disease often culminates in heart failure, a hallmark of which is fibrosis, a form of tissue scarring. Cardiac fibrosis initially repairs damaged heart tissue, but it can quickly become excessive and pathological. Identifying the mechanisms behind fibrosis is a focal point in cardiovascular research, and now scientists at the Lewis Katz School of Medicine at Temple University have discovered a critical genetic mechanism driving the process -- and they have identified a novel target for reversing it.


						
"In pathological fibrosis, resident fibroblasts in the heart that are activated by tissue injury differentiate into myofibroblasts that then produce and secrete excessive extracellular matrix," explained John W. Elrod, PhD, Director of the Aging + Cardiovascular Discovery Center (ACDC) and Professor of Cardiovascular Sciences at the Katz School of Medicine, and senior investigator on the new study. "Fibroblast activation often depends on transforming growth factor-b (TGFb), and we now show for the first time that TGFb increases the enzyme ATP-citrate lyase (ACLY), which localizes to the cell nucleus and interacts at specific sites on genes to epigenetically drive and maintain fibrosis."

Dr. Elrod's team further found that inhibition of ACLY prevents myofibroblast formation and activation of epigenetic sites. The discovery marks ACLY as a novel therapeutic target for the reversal of fibrosis. The team described their findings in a paper published online in the journal Nature Cardiovascular Research.

The new work builds on previous observations from Dr. Elrod's laboratory, particularly their prior discovery of a signaling pathway that promotes myofibroblast formation via histone demethylation. Histone demethylation is an epigenetic modification involved in gene transcription and related processes that regulate the flow of genetic information in cells. The team's earlier research also demonstrated that inhibiting a metabolic pathway known as glutaminolysis can reverse myofibroblast-mediated fibrosis in an epigenetic-dependent fashion.

ACLY is a key component of the latest research by Dr. Elrod and colleagues, owing to the link between glutaminolysis, metabolite levels, and acetyl-CoA biosynthesis. ACLY also is known to sustain histone acetylation, which influences processes that determine cell fate. In the new study, Dr. Elrod's team, led by MD/PhD graduate student Michael P. Lazaropoulos, set out to better understand the involvement of ACLY and, more specifically, the role of histone acetlyation in regulating the fate of myofibroblasts.

In initial experiments carried out in cardiac fibroblasts isolated from mice, the researchers demonstrated that ACLY is necessary for myofibroblast differentiation and that its inhibition reverses the pro-fibrotic phenotype of myofibroblasts, reverting the cells to a less pathogenic state. Employing a novel genetic system that enabled simultaneous gene deletion and protein tracking, they then showed that ACLY translocates to the cell nucleus, where it interacts with a transcription factor known as SMAD. Aided by SMAD, ACLY is directed to locations within the genome where its involvement in histone acetylation facilitates fibrosis.

"We found that ACLY binding to SMAD allows ACLY to localize to specific genetic loci, where it then locks in genetic programming that promotes myofibroblast formation and a fibrotic phenotype," Dr. Elrod explained.

Dr. Elrod's team further showed that ACLY inhibition reverses myofibroblast fate, enabling cells to change back to a non-disease phenotype. This was demonstrated in mouse cardiac fibroblasts and in cardiac fibroblasts isolated from human heart failure patients. ACLY was inhibited experimentally in two ways, including by a pharmacological intervention and by a genetic disruption.

"Because of these observations, we can confidently say that epigenetic mechanisms involving acetylation are essential to maintaining the fibrotic process in heart cells," Dr. Elrod said. "We also now have a target -- ACLY -- to reverse fibrosis, based on our studies in animal cells and cells from human patients."

Dr. Elrod hopes next to advance the translational impact of the new findings by investigating pharmacological agents capable of inhibiting ACLY. "One of the agents we used in our experiments has been investigated in clinical trials for other applications," he noted. In addition to exploring therapeutic avenues, his team also plans on expanding their findings to other diseases involving pathological fibrosis.
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New form of repetitive magnetic brain stimulation reduces treatment time for bipolar disorder | ScienceDaily
A potential new treatment for bipolar disorder (BP) that significantly shortens treatment time has emerged, following a randomized clinical trial using accelerated intermittent theta burst stimulation (aiTBS). While current theta burst stimulation (TBS) treatments can take between four and six weeks to administer, this new technique reduces treatment to five days.


						
The study, published in JAMA Psychiatry, was led by Yvette I. Sheline, MD, the McLure Professor of Psychiatry and Behavioral Research and Director, Center for Neuromodulation in Depression and Stress at the University of Pennsylvania Perelman School of Medicine.

"aiTBS offers a new potential therapy for depressed patients with bipolar disorder who may not respond well to drugs or cannot tolerate their side effects while also significantly shortening the treatment window," Sheline said.

Intermittent theta burst stimulation is a non-invasive form of brain stimulation in which a changing magnetic field is used to induce an electric current at a specific brain area through a process called electromagnetic induction. It is thought that this stimulation produces neuroplastic changes which alter brain connectivity, leading to decreased depressive symptoms.

While aiTBS is approved by the Food and Drug Administration (FDA) to treat major depressive disorder (MDD), this is the first accelerated trial focusing on aiTBS and bipolar disorder.

Major depressive disorder, commonly referred to as depression, is a serious mood disorder that causes severe symptoms that can impact how a person thinks and manages their daily life. MDD differs from BP as those diagnosed with BP also experience manic or hypomanic episodes -- with symptoms such as uncontrollable racing thoughts, restlessness or feelings of euphoria. Typically, patients with BP may alternate between depressed and manic or hypomanic phases.

Standard treatments for BP include mood stabilizers such as lithium, and may include talk therapy, such as cognitive behavioral therapy (CBT).




All patients in the study were required to be on a mood stabilizer to be included in the study.

The double-blind, sham-controlled study -- meaning that neither the patients nor the study team knew who got active and who got sham treatment until the study was over -- included 24 depressed patients with treatment-resistant bipolar disorder. Intervention included five days with 10 sessions per day (active vs. sham aiTBS) delivered at one session per hour. Outcomes were measured using the Montgomery-Asberg Depression Rating Scale (MADRS), a diagnostic questionnaire used to measure the severity of depressive mood disorders. Scores were weighed prior to and one day following treatment, as well as at a four-week follow up.

The mean MADRS score in the active group was 30.4 (4.8) at baseline and 10.5 (6/7) immediately after treatment. In the sham group, the mean MADRS score was 28.0 (5.4) at baseline and 25.3(6.7) after treatment. This means that those who received active treatment had a substantial decrease in their depression symptoms compared to those who received sham stimulation.

Secondary measures included repeated MADRS scores at all study visits, coupled with two additional measures: the Hamilton Depression Rating Scale score and Beck Depression Inventory score.

Sheline noted that while the small sample size requires replication in a larger trial, the size is comparable to recent studies of aiTBS for MDD.
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Discovery could help reduce adverse side effects of popular next-generation obesity medications | ScienceDaily
The next chapter in the story of headline-making popular obesity drugs may center on the physiological relationship between feeling satisfied after a meal versus the neurological control of nausea. By teasing apart the therapeutic benefits from the adverse effects of these medications, researchers from the Monell Chemical Senses Center found a population of neurons in the brain that controls food intake without causing nausea in an animal model.


						
The study, published today in the journal Nature, describes two distinct neural circuits that govern different effects of the same drug. The drugs studied are among the most effective weight-loss drugs available -- known as long-acting glucagon-like peptide-1 receptor (GLP1R) agonists -- which initiate neurochemical responses via receptors expressed in the body.

One of the most effective and popular GLP1-based drugs -- called semaglutide and marketed as Ozempic(r) and Wegovy(r) -- produces impressive weight loss results in clinical trials. According to the World Health Organization, in 2022, 1 in 8 people globally were living with obesity, making the development of drugs like these of dire importance.

"One of the barriers to drug treatments for obesity is side effects such as nausea and vomiting," said senior author Amber L. Alhadeff, PhD, Monell Assistant Member. "We did not have a good idea of whether these unpleasant side effects are related or necessary for the weight-loss effects."

To find out, the Monell team investigated the brain circuits that link feeling full after ingesting a meal to those causing food avoidance due to feeling nauseated. The researchers found that neurons in the hindbrain mediate both effects of these obesity drugs, and unexpectedly also discovered that the individual neurons mediating satiety and nausea are different.

Two-photon imaging of hindbrain GLP1R neurons in live mice showed that most individual neurons are tuned to react to stimuli that are either nutritive or aversive, but not both. What's more, the study revealed that GLP1R neurons in one part of the hindbrain called the area postrema respond more to aversive stimuli, whereas GLP1R neurons in another area called the nucleus tractus solitarius lean toward nutritive stimuli.

Next, the team separately manipulated the two groups of GLP1R neurons to understand their effects on behavior. They found that activating neurons in the nucleus tractus solitarius triggers satiety, with no aversion behavior; whereas, activating neurons in the area postrema trigger a strong aversion reaction. Importantly, the obesity drugs reduced food intake even when the aversion pathway was inhibited. These surprising findings highlight the population of neurons in the nucleus tractus solitarius as a target for future obesity drugs to reduce food intake without making individuals feel sick.

"Developing experimental obesity drugs that selectively activate this population may promote weight loss while avoiding aversive side effects," said Alhadeff. In fact, say the authors, the concept of separating therapeutic and side effects at the level of neural circuits could, in theory, be applied to any drug with side effects.

In addition to Alhadeff, co-authors are first author Kuei-Pin Huang, Alisha A. Acosta, Misgana Y. Ghidewon, Aaron D. McKnight, Milena S. Almeida, Nathaniel T. Nyema, Nicholas D. Hanchak, Nisha Patel, Yenoukoume S. K. Gbenou, and Kevin A. Bolding, all from Monell, and Alice E. Adriaenssens from University College, London. Alhadeff, Bolding, Ghidewon, and McKnight are also affiliated with the Penn Medicine Department of Neuroscience.

This work was supported by the National Institutes of Health (R00DK119574 and DP2AT011965), the American Heart Association, New York Stem Cell Foundation, Klingenstein Fund and Simons Foundation, Pew Charitable Trusts, National Science Foundation (Grant2236662), the Penn Institute for Diabetes, Obesity, and Metabolism, and the Monell Chemical Senses Center. The confocal microscope used in these studies was purchased with an NIH instrumentation grant (S10OD030354). Alhadeff is a New York Stem Cell Foundation Robertson investigator and a Pew biomedical scholar.
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The molecule that could alleviate stroke-related brain injury | ScienceDaily
A newly developed molecule, LK-2, could inform new therapies for stroke-related brain injury, finds scientists at The Hospital for Sick Children (SickKids).


						
An ischemic stroke occurs when blood flow to a part of the brain is interrupted, depriving the brain cells of oxygen and nutrients. Without timely treatment, brain cells can die, resulting in permanent damage to the brain and its functions. Stroke is one of the leading causes of death and disability worldwide, affecting millions every year.

An international study published in Nature co-led by Dr. Lu-Yang Wang, a Senior Scientist in the Neurosciences & Mental Health program at SickKids, and clinician scientists at the Shanghai Jiao Tong University School of Medicine, has uncovered a molecule that holds the potential to protect neurons during stroke and prevent stroke-related brain damage.

"Our findings provide an entirely new way to think about saving cells while minimizing the adverse neural side effects of conventional stroke therapy," says Wang, who holds a Tier 1 Canada Research Chair in Brain Development and Disorders. "The LK-2 molecule could be the key to unlocking successful therapeutics for stroke patients."

How one neurotransmitter is contributing to stroke-related brain damage

One of the main culprits behind stroke-induced brain damage is a neurotransmitter called glutamate. When the brain is starved of oxygen and sugar, glutamate levels rise dramatically, overstimulating N-methyl-Daspartate receptors (NMDARs) on the membrane of brain cells. This causes a surge of calcium to enter cells, triggering a cascade of events that ultimately leads to cell death.

For decades, researchers have tried to develop drugs that can block NMDARs and prevent the neurotoxicity that comes with elevated levels of glutamate. However, previous drugs targeting NMDARs have been ineffective and failed to move beyond clinical trials because NMDARs play important roles in regular brain functions, such as learning and memory. In addition, blocking NMDARs completely can cause serious side effects, such as psychosis and cognitive impairment.




The team found that glutamate can also bind to and activate a type of acidosis sensor called acid-sensing ion channels (ASICs), which are normally activated by acids. ASICs are present in the membrane of brain cells -- like NMDARs -- and can allow calcium ions to enter the cells when stimulated.

"We have shown that glutamate can supercharge the activity of ASICs, especially under the acidic conditions that occur during stroke," explains Wang. "This means that glutamate is attacking brain cells through both NMDARs and ASICs -- something we did not know before now."

A new way to block excess glutamate

By identifying the specific site in ASICs where glutamate binds, the team was able to develop a new molecule, called LK-2, that can selectively block the glutamate binding site in ASICs, but leave NMDARs intact.

In preclinical models, the team found that LK-2 effectively prevented glutamate from overstimulating ASICs to reduce the flow calcium and cell death. Furthermore, LK-2 did not affect NMDARs or other regular neural transmissions, which suggests its potential as the next generation of stroke therapeutics.

"Our research has revealed a new way to protect the brain from glutamate toxicity without interfering with NMDARs," Wang says.

Wang's research will continue to explore the function and mechanisms of LK-2, in the hopes of developing future clinical trials.

The research team wants to thank Dr. Julie Forman-Kay, a Senior Scientist and Program Head of the Molecular Medicine program, and Dr. Iva Pritisanac, a postdoctoral fellow in Forman-Kay's lab, who assisted Wang in locating the binding sites for glutamate on ASICs.

This research is funded at SickKids by the Canadian Institutes of Health Research (CIHR), the Natural Sciences and Engineering Research Council of Canada (NSERC) and Canada Research Chair Program. For a full list of funders, access the paper in Nature.
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Scientists discover a cause of lupus and a possible way to reverse it | ScienceDaily
Northwestern Medicine and Brigham and Women's Hospital scientists have discovered a molecular defect that promotes the pathologic immune response in systemic lupus erythematosus (known as lupus) and show that reversing this defect may potentially reverse the disease.


						
Lupus affects more than 1.5 million people in the U.S. Until this new study, the causes of this disease were unclear. Lupus can result in life-threatening damage to multiple organs including the kidneys, brain and heart. Existing treatments often fail to control the disease, the study authors said, and have unintended side effects of reducing the immune system's ability to fight infections.

"Up until this point, all therapy for lupus is a blunt instrument. It's broad immunosuppression," said co-corresponding author Dr. Jaehyuk Choi, associate professor of dermatology at Northwestern University Feinberg School of Medicine and a Northwestern Medicine dermatologist. "By identifying a cause for this disease, we have found a potential cure that will not have the side effects of current therapies."

"We've identified a fundamental imbalance in the immune responses that patients with lupus make, and we've defined specific mediators that can correct this imbalance to dampen the pathologic autoimmune response," said co-corresponding author Dr. Deepak Rao, an assistant professor of medicine at Harvard Medical School and a rheumatologist at Brigham and Women's Hospital and co-director of its Center for Cellular Profiling.

In a study to be published in Nature on July 10, the scientists report a new pathway that drives disease in lupus. There are disease-associated changes in multiple molecules in the blood of patients with lupus. Ultimately, these changes lead to insufficient activation of a pathway controlled by the aryl hydrocarbon receptor (AHR), which regulates cells' response to environmental pollutants, bacteria or metabolites. Insufficient activation of AHR results in too many disease-promoting immune cells, called the T peripheral helper cells, that promote the production of disease-causing autoantibodies.

To show this discovery can be leveraged for treatments, the investigators returned the aryl hydrocarbon receptor-activating molecules to blood samples from lupus patients. This seemed to reprogram these lupus-causing cells into a cell called a Th22 cell that may promote wound healing from the damage caused by this autoimmune disease.

"We found that if we either activate the AHR pathway with small molecule activators or limit the pathologically excessive interferon in the blood, we can reduce the number of these disease-causing cells," said Choi, also the Jack W. Graffin Professor at Feinberg. "If these effects are durable, this may be a potential cure."

Choi, Rao and colleagues next want to expand their efforts into developing novel treatments for lupus patients. They are now working to find ways to deliver these molecules safely and effectively to people.




Other Northwestern authors are first author Calvin Law, Arundhati Pillai, Brandon Hancock and Dr. Judd Hultquist. Brigham and Women's Hospital authors include Vanessa Sue Wacleche, Ye Cao, John Sowerby, Alice Horisberger, Sabrina Bracero, Ifeoluwakiisi Adejoorin, Eilish Dillon, Daimon Simmons, Elena Massarotti, Karen Costenbader, Michael Brenner and James Lederer.

The title of the article is "Interferon subverts an AHR-JUN axis to promote CXCL13+ T cells in lupus."

The research was supported by the National Institute of Arthritis and Musculoskeletal and Skin Diseases grants K08 AR072791, P30 AR070253, R01 AR078769 and P30 AR075049; National Institute of Allergy and Infectious Diseases grants R01 AI176599, P30 AI117943, R01 AI165236 and U54 AI170792; National Cancer Institute grants F31 CA268839 and CA060553, all of the National Institutes of Health (NIH); and NIH Director's New Innovator Grant 1DP2AI136599-01, and grants from Lupus Research Alliance, Burroughs Wellcome Fund, Bakewell Foundation, Leukemia and Lymphoma Society and American Cancer Society.
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Big gain in battle against harmful bacteria | ScienceDaily
An unexpected find has enabled important progress to be made in the battle against harmful bacteria.


						
An international team of researchers, led by Professor Peter Fineran from the University of Otago, investigated a particular protein used by bacteria-infecting viruses, known as phages.

Research into this microscopic arms race between bacteria and phages is important as it can lead to alternatives to antibiotics.

Published in the journal Nature, the study analysed a protein phages use when deploying anti-CRISPR, their method of blocking the CRISPR-Cas immune system of bacteria.

Lead author Dr Nils Birkholz, of Otago's Department of Microbiology and Immunology, says understanding how phages interact with bacteria is an important step on the path to using phages against bacterial pathogens in human health or agriculture.

"Specifically, we need to know about the defence mechanisms, such as CRISPR, that bacteria use to protect themselves against phage infection, not unlike how we use our body's immune system against viruses, and how phages can counteract these defences.

"For example, if we know how phages kill a specific bacterium, this helps identify appropriate phages to use as antimicrobials. More specifically, it is important to understand how phages control their counter-defence arsenal, including anti-CRISPR, upon infection -- we must understand how phages regulate the expression of genes that are useful in their battle against bacteria," he says.




The research revealed just how carefully phages need to deploy their anti-CRISPRs.

"We already knew that a particular phage protein has a part, or domain, that is very common in many proteins involved in gene regulation; this helix-turn-helix (HTH) domain is known to be able to bind DNA sequences specifically, and depending on the context, can turn a gene on or off.

"What we found is the HTH domain of this protein is much more versatile and exhibits a regulatory mode which was previously unknown. It can use this domain to not only bind DNA, but also its RNA transcript, the molecule which acts as a mediator between the DNA sequence and the anti-CRISPR encoded in it.

"Because this protein is involved in regulating the production of an anti-CRISPR, it means this regulation has additional layers- it happens not only through the DNA binding mechanism, but also through the new mechanism we discovered of binding the messenger RNA."

Professor Fineran says the finding could have big implications for the understanding of gene regulation.

"Unravelling this unexpectedly complex regulation is important progress when it comes to understanding how phages can evade CRISPR-Cas defences and kill target bacteria in a range of applications.

"The discovery is particularly exciting for the scientific community because it shows a novel regulatory mechanism in a well-studied family of proteins.

"HTH domains have been thoroughly investigated since they were discovered in the early 1980s, so we initially thought our protein would act just like any other protein with an HTH domain -- we were very surprised when we uncovered this new mode of action.

"This finding has the potential to change the way the field views the function and mechanism of this critical and widespread protein domain, and could have big implications for our understanding of gene regulation," he says.
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When there's money to lose, phone usage while driving drops | ScienceDaily
To make someone put their phone down while driving, show them the money -- with a catch, according to new research published in JAMA Open. When a group of auto insurance customers were tempted with a cash incentive -- and regular feedback letting the driver know how they were doing compared to other drivers trying to reduce their phone time -- handheld phone use dropped significantly, a team at the Perelman School of Medicine at the University of Pennsylvania found.


						
The researchers examined several different strategies informed by behavior science to curb distracted driving in a seven-week trial. One strategy paired weekly feedback on phone use with a cash incentive of up to $50 at the end of the study if the drivers used their phones less than others. That approach yielded a 15 percent decrease in handheld phone usage compared to drivers given no incentive or feedback. However, when drivers were told that they would receive the same amount of money paid out in weekly installments, but lose it if they engaged in handheld phone usage while driving, phone use decreased by 21 percent.

"In the United States, there are over 800,000 crashes per year due to distracted driving, with cell phone use while driving being a leading cause. This occurs despite numerous laws banning handheld phone use, suggesting additional scalable interventions are needed," said lead author M. Kit Delgado, MD, MS, faculty director of Penn Medicine's Nudge Unit and an associate professor of Emergency Medicine and Epidemiology. "We were able to use the power of humans' natural aversion to loss and regret, as well as our desire to fit in to social norms, to achieve some significant results."

Insurance companies saw a 30 percent climb in distracted driving-related crashes between 2011 and 2020, largely tied to cell phone usage. Twenty-eight states have passed bans of handheld phone usage while driving, with Pennsylvania the latest state to enact a law, , which takes effect mid-2025.

The practice of incentivizing drivers' behaviors is rising. Auto insurance companies are increasing "usage-based insurance (UBI)" where customers agree to download smartphone apps to monitor driving performance and cell phone usage. The data is then used to adjust rates for individual drivers, with safer drivers being offered discounts on future insurance policies.

For the study, Penn Medicine researchers worked with researchers at Progressive Insurance(r), which invited customers participating in their own UBI program to participate, enrolling over 2,000 participants in the study.

With deidentified data, Penn Medicine's researchers determined that a group of drivers who were told (and updated weekly) that they could lose up to $7.15 a week were the ones who used their phones least compared to the control group of drivers that had no incentives or feedback. Interestingly, doubling the incentive to $14.29 per week didn't lead to a greater reduction in phone use, though there was a significant decline. There were also notable results among drivers who received feedback and were offered the $50 incentive at the end of the test period.




Drivers offered the delayed $50 incentive at the end of the intervention but received no weekly feedback and no incremental loss for weekly performance did not achieve significant results.

The reason why feedback and loss-framed payments appeared to be so critical, Delgado believes, is innately human.

"People tend to think they are better drivers than others," he said. "Providing objective data on how they compare to others is a proven way to motivate people toward a social norm. Also, prior studies have shown that those who engage in handheld phone use tend to have 'present bias' and place stronger weight on payoffs that are closer to the present time."

When broken down into time, the top achieving intervention -- the $7.15-per-week group -- lowered their phone usage by an average of 56 seconds per hour down from a baseline of 216 seconds per hour. When taking one's eyes off the road for 5 seconds increases the risk of crash ninefold, at scale, these interventions could reduce distracted driving by millions of hours per year.

This work continues research performed by Delgado into distracted driving dating back to 2016 (which led to a 2018 paper) and continues with further nudge data analysis. Future research includes testing interventions leveraging smartphone usage data that could help high-risk drivers build lasting habits.

"This line of work is promising because insurance companies already spend billions of dollars per year offering incentives for safe driving behaviors," said Delgado. "Rigorously testing strategies these companies can use to engage customers to be safer can help reduce crashes, save lives, and save money, and, importantly, be sustained through a strong business case."
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Molecular atlas of blood vessel pathways in the human brain, across early brain development, adulthood and disease | ScienceDaily
An international consortium of researchers led by University Health Network (UHN) in Toronto and University of Zurich have built the first-ever molecular atlas of the human brain vasculature at single-cell resolution, spanning from early development to adulthood and through disease stages such as brain tumours and brain vascular malformations.


						
The international consortium includes research teams from UHN's Krembil Brain Institute, Donald K. Johnson Eye Institute, Toronto General Hospital Research Institute and Princess Margaret Cancer Centre, the University of Toronto's Donnelly Centre, Mount Sinai Hospital's Lunenfeld-Tanenbaum Research Institute, University of Zurich, University Hospital Zurich, ETH Zurich, University of Geneva, University Hospital Geneva, as well as collaborators at Weill Cornell Medicine and Memorial Sloan Kettering Cancer Center, in New York.

In this study, researchers isolated blood vessels from human early developing brains, adult brains, brain tumours and brain vascular malformations. They found that endothelial cells, which line the blood vessels and regulate interactions between the bloodstream and surrounding tissues, behave differently across various stages of brain development, and may have a more important role than previously understood within the brain's neurovascular signaling networks.

This novel research is published today in Nature.

"The brain's vasculature, or blood vessel cells, genes, and pathways, is important for the proper functioning of the healthy early developing and adult brain, as well as for a variety of brain diseases, such as brain tumours, stroke and brain vascular malformations," says Dr. Thomas Walchli, corresonding author of the study and a scientific associate at UHN's Krembil Brain Institute, a consultant neurosurgeon at University College London (UCL)'s Victor Horsley Department of Neurosurgery, and an Associate Professor/Principal Clinical Research Fellow at the UCL Cancer Institute. "By understanding how these pathways grow and behave during early brain development, how they are silenced in the adult healthy brain, and how they get reactivated in disease, it will provide more insight into the normal functioning of the human brain vasculature and open doors to future therapeutic options."

"UHN's Krembil Brain Institute is a high-volume neurosurgical centre, which provided unparalleled access to a clinically diverse patient population. We were able to perform single-cell RNA sequencing of more than 600,000 isolated endothelial, perivascular and other tissue-derived cells from 117 samples, at an unprecedented resolution, giving us an extraordinary look into the inner workings of the brain's vasculature," says Dr. Ivan Radovanovic, staff neurosurgeon and Senior Scientist at UHN's Krembil Brain Institute, Associate Professor at University of Toronto's Temerty Faculty of Medicine, and co-author of the paper.

"This provides a very large data set that will be an important resource for researchers across the world. By uncovering key differences between healthy and diseased brain vasculature, our work can help identify vulnerabilities of abnormal brain vessels that can be utilized to treat both brain tumours and brain vascular malformations."

Noted in the team's findings: 
    	Researchers found that the vasculature in an adult healthy brain stops growing almost completely over time, but a brain tumour or a brain vascular malformation can reactivate blood vessel growth in the brain tissue, similar to the blood vessel growth in an early developing brain. This finding has never been described before.

    	The research team also showed for the first time how the human brain vasculature differs from the vasculature of organs outside the brain, both during early brain development and in adulthood -- and when disease arises, the brain vasculature becomes more like that of a peripheral organ.

    	In disease, the typical features of the human brain vasculature are partially altered. One example is the endothelial cells of the blood-brain barrier, which act as the brain's 'filter' and gatekeeper for substances, toxins and drugs. Endothelial cells can also affect interactions with the body's immune system. When disease occurs, these cells help to upregulate immune-specific properties, meaning that endothelial cells can evolve into 'antigen-presenting cells,' triggering an immune response.




"It will take many years, but if we can identify what is happening in an early developing brain and how those blood vessel networks grow over time, how they develop into arteries, capillaries, and veins, and interact with the immune system, we can better understand the growth patterns of the tumour vasculature," says Dr. Walchli.

"Both the early developing brain, and brain tumours and brain vascular malformations, feature blood vessel growth and immunosuppression which allow for undisturbed tissue growth. If we can dampen or inhibit the growth of the blood vessels and at the same time boost the immune system, that has a potential application to therapy."

The hope is that if clinicians can one day combine these therapies targeting the vasculature with immunotherapies, they may be able to inhibit vascular growth and prolong patients' survival.

"If we can detect the specific features in the brain vasculature that are shared between early developing brains and brain tumours (but are not present in the healthy normal brain), we could monitor the brain's vasculature for growth patterns and be able to detect and treat disease at an earlier stage, improving patient outcomes," says Dr. Walchli.

This research aims to build on the momentum in the field of brain vascular biology, over the past several years.

"Our work will benefit scientists across disciplines, from developmental, vascular, computational and tumour biologists to neuroscientists, immunologists and single-cell geneticists," adds Dr. Walchli. "The possibilities are endless."
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Pitch perfect: Match the message to the idea's newness | ScienceDaily
In a study examining styles of pitching ideas to audiences, researchers found that pitches promoting radical ideas are better received when framed in concrete and explanatory 'how' terms, while progressive ideas do better with abstract 'why' style of pitches.


						
Previous research found that professional audiences, like investors, prefer concrete pitches with how-style explanations, while lay audiences such as students and crowdfunders respond better to 'why' style pitches for abstract ideas.

Professor Simone Ferriani, Professor of Entrepreneurship at Bayes Business School (formerly Cass), City, University of London, said: "We wanted to identify the best way for entrepreneurs to pitch their ideas to get audiences' attention and investment. Could the way they pitch affect their success? What if they had great ideas but were pitching them in the wrong way? We wanted to explore which styles of pitching work best with differing types of ideas."

To test this, academics conducted two experiments using an online survey with business students evaluating pitch decks, to see when new ideas were more likely to be viewed positively. The study used entrepreneurial pitches and varied the ideas' originality and the style of abstract 'why' the idea works versus concrete 'how' the idea works. They looked at how these factors influenced people's reception of the idea and their willingness to support it.

The results indicate that the pitching strategy should match the idea's novelty to make it more appealing and likely to attract investment.

Professor Ferriani added: "Imagine a tech startup introducing a groundbreaking new virtual reality (VR) gaming platform that revolutionises the gaming experience. Our findings suggest that in their pitch to potential users, they should emphasise concrete usability details such as the advanced feedback technology, the immersive 360-degree visuals and the seamless integration with existing gaming consoles. When ideas have the potential to disrupt the status quo, this explanatory approach is key to offset the puzzlement that novel ideas can cause. Conversely, when ideas are less of a leap and more of a step forward, such as with incremental innovations, abstract language that paints the 'why' can be more effective."

Denise Falchetti, Assistant Professor of Management at George Washington University School of Business (GWSB), added: "This strategy taps into the audience's existing knowledge and expectations, connecting the new idea to familiar concepts and emphasizing its place within a broader vision or goal."

Gino Cattani, Professor of Management and Organizations at New York University Stern School, concluded: "The research advises a tailored approach: for groundbreaking innovations, detail the practicalities; for incremental improvements, focus on the overarching vision. As the language of entrepreneurship continues to evolve, this study offers a compass for navigating the intricate dance of persuasion and influence, providing a linguistic toolkit for turning novel concepts into embraced innovations."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710130748.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers find better way to detect when older adults fall at home | ScienceDaily
When older adults fall at home, every second counts -- especially when they are alone.


						
New research from Binghamton University, State University of New York aims to cut reaction times with a human action recognition (HAR) algorithm that uses local computing power to analyze sensor data and detect abnormal movements without transmitting to a processing center offsite.

Professor Yu Chen and PhD student Han Sun from the Thomas J. Watson College of Engineering and Applied Science's Department of Electrical and Computer Engineering designed the Rapid Response Elderly Safety Monitoring (RESAM) system to leverage the latest advancements in edge computing.

In a paper recently published in the IEEE Transactions on Neural Systems and Rehabilitation Engineering, they show that the RESAM system can run using a smartphone, smartwatch, laptop or desktop computer with 99% accuracy and a 1.22-second response time, ranking among the most accurate methods available today.

Chen said the research is important for an underserved population: "When many people talk about high tech, they are discussing something cutting edge, like a fancier algorithm, a more powerful assistant to do jobs faster or having more entertainment available. We observed a group of people -- senior citizens -- who need more help but normally do not have sufficient resources or the opportunity to tell high-tech developers what they need."

By using devices already familiar to older people, rather than a full "smart home" setup, he thinks it gives them a better sense of control over their health. They don't need to learn new technology for the system to be effective.

Also, to protect people's privacy, RESAM reduces the monitored images to skeletons, which still allows analysis of key points such as arms, legs and torso to determine if someone has fallen or suffered a different accident that could lead to injury.




"The most dangerous place for falls is the bathroom, but nobody wants to set up a camera there," Chen said. "People would hate it."

He sees the RESAM system as a cornerstone for a wider concept he's calling "Happy Home," which could include thermal or infrared cameras and other sensors to remotely assess other aspects of a person's environment and well-being.

"Adding more sensors can make our system more powerful, because we are not only monitoring someone's body movements -- we can monitor someone's health with one more dimension, so we better predict if something's going to happen before it happens," he said.

Another idea, which Chen is exploring with Associate Professor Shiqi Zhang from the Department of Computer Science, is for the system to include a robot dog or similar "pet" that would keep a closer watch as someone did their daily tasks. Last fall, Zhang demonstrated how a robot dog might guide someone with visual impairment through tugs on a leash.

"You could have a conversation with the robot," Chen said. "For example, when you are heading to the bathroom, the dog may ask you, 'Would you mind if I follow you?' The dog can make a better decision to move closer to monitor your status instead of having only fixed sensors in the room."
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Exercise brain boost can last for years | ScienceDaily
A longitudinal study by University of Queensland researchers has found high-intensity interval exercise improves brain function in older adults for up to 5 years.


						
Emeritus Professor Perry Bartlett and Dr Daniel Blackmore from UQ's Queensland Brain Institute led the study in which volunteers did physical exercise and had brain scans.

Emeritus Professor Perry Bartlett and Dr Daniel Blackmore have shown high intensity exercise boosts cognition in healthy older adults and the improvement was retained for up to 5 years.

Emeritus Professor Bartlett said it is the first controlled study of its kind to show exercise can boost cognition in healthy older adults not just delay cognitive decline.

"Six months of high-intensity interval training is enough to flick the switch," Emeritus Professor Bartlett said.

"In earlier pre-clinical work , we discovered exercise can activate stem cells and increase the production of neurons in the hippocampus, improving cognition.

"In this study, a large cohort of healthy 65 -- 85-year-old volunteers joined a six-month exercise program, did biomarker and cognition testing and had high-resolution brain scans.




"We followed up with them 5 years after the program and incredibly they still had improved cognition, even if they hadn't kept up with the exercises."

Ageing is one of the biggest risks for dementia, a condition that affects almost half a million Australians.

"If we can change the trajectory of ageing and keep people cognitively healthier for longer with a simple intervention like exercise, we can potentially save our community from the enormous personal, economic and social costs associated with dementia," Emeritus Professor Bartlett said.

Emeritus Professor Bartlett and Dr Blackmore worked in collaboration with Honorary Professor Stephan Riek and The School of Human Movement and Nutrition Sciences at UQ.

During the study, the researchers assessed the impact of three exercise intensities: * Low -- predominantly motor function, balance and stretching * Medium -- brisk walking on a treadmill * High -- four cycles running on a treadmill at near maximum exertion

Dr Blackmore said only the high-intensity interval exercise led to cognitive improvement that was retained for up to 5 years.




"On high-resolution MRI scans of that group, we saw structural and connectivity changes in the hippocampus, the area responsible for learning and memory," Dr Blackmore said.

"We also found blood biomarkers that changed in correlation to improvements in cognition.

"Biomarkers can be useful in predicting the effectiveness of the exercise a person is doing."

With 1 in 3 people aged 85 years likely to develop dementia, Dr Blackmore said the impact of the research was far-reaching.

"Our finding can inform exercise guidelines for older people and further research could assess different types of exercise that could be incorporated into aged care," he said.

"We are now looking at the genetic factors that may regulate a person's response to exercise to see if we can establish who will and who will not respond to this intervention.

"The use of biomarkers as a diagnostic tool for exercise also needs further research."

The research was published in Aging and Disease.

It receives ongoing support from the Stafford Fox Medical Research Foundation.
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Stem cell-derived therapy shows promise against treatment-resistant liver cancer | ScienceDaily
Researchers at University of California San Diego have found that the most common form of liver cancer -- one with a high mortality rate -- can be better targeted and treated using an innovative new stem cell-derived therapy, according to a recently published study in Cell Stem Cell.


						
The treatment, not yet studied in patients, involves the lab engineering of natural killer (NK) cells -- white blood cells that destroy tumor cells -- to more effectively battle hepatocellular carcinoma (HCC), one of the most treatment-resistant types of solid tumor.

Genetically modified NK-cell therapy doesn't require personalization like chimeric antigen receptor (CAR)-expressing T-cell therapy -- a relatively new, personalized form of immunotherapy. That means an NK-cell therapy could be mass produced and shelf-ready for patients, who could begin therapy without delay, their new research shows.

"To some extent all tumor cells -- perhaps hepatocellular carcinoma more so -- inhibit immune cells that try to kill them," said UC San Diego School of Medicine Professor Dan Kaufman, M.D., Ph.D., lead author on the study, director of the Sanford Advanced Therapy Center at the university's Sanford Stem Cell Institute and Moores Cancer Center member.

"This is one key reason why some immunotherapies like CAR T cells have been less successful for solid tumors than for blood cancers -- the immunosuppressive tumor microenvironment."

Kaufman and his team produced stem cell-derived NK cells in which the receptor for transforming growth factor beta (TGF-b) -- a protein that impairs immune function -- was disabled. HCC tumors and the liver in general contain copious amounts of the substance, which both inhibits the immune cell activity and allows cancer to proliferate.

They found that typical NK cells without the disabled receptor, like CAR T cells, were not very effective in battling the cancer. "These are pretty resistant tumors -- when we put them in mice, they grow and kill the mice," he said. The five-year survival rate for HCC in humans is less than 20 percent.




When researchers tested the modified NK cells against the cancer, however, "we got very good anti-tumor activity and significantly prolonged survival," he noted.

"These studies demonstrate that it is crucial to block transforming growth factor beta -- at least for NK cells, but I also think it's true for CAR T cells," Kaufman said. "If you unleash NK cells by blocking this inhibitory pathway, they should kill cancer quite nicely."

Kaufman anticipates that his team's discovery will manifest itself in the clinical trials of many research groups and companies -- whether they're working on CAR T-cell or NK-cell therapies, battling hepatocellular carcinoma or other challenging types of solid tumors.

"Anyone developing such therapies for solid tumors should be working to inhibit transforming growth factor beta activity to improve cancer-killing and attain effective anti-tumor activity," he said.

Co-authors of this study include Jaya Lakshmi Thangaraj; Michael Coffey; and Edith Lopez, all of the Division of Regenerative Medicine at UC San Diego's School of Medicine.

This work was made possible by the NIH/NCI grants U01CA217885, P30CA023100 (administrative supplement), and the Sanford Stem Cell Institute at the University of California San Diego.
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Study points at novel approach to treat Group 3 medulloblastoma | ScienceDaily
A team of researchers at Baylor College of Medicine, Texas Children's Hospital, the Hospital for Sick Children in Toronto and collaborating institutions has identified and located a population of stem-like cells that initiates and maintains Group 3 medulloblastoma (Gr3-MB) in the developing brain. Gr3-MB is one of the most aggressive forms of brain cancer in children and is associated with metastatic spread and poor survival.


						
The researchers showed that eliminating the small population of stem-like cells present in Gr3-MB tumors led to tumor shrinkage in preclinical models. Although more research is needed, this novel approach may lead to new ways to treat children with Gr3-MB. The study appeared in Cell.

"We believe that as Gr3-MB develops, it retains characteristics present in embryonic development, resulting in rapid tumor growth," said corresponding author Dr. Michael D. Taylor, professor of pediatrics, hematology -- oncology and neurosurgery at Baylor and Texas Children's. He also is the Cyvia and Melvyn Wolff Chair of Pediatric Neuro-Oncology at Texas Children's Cancer and Hematology Center. "Our goal was to identify embryonic cells that would give rise to tumors, as well as their location and factors that drive their growth."

The researchers compared the genes expressed by Gr3-MB cells from six tumors with those expressed by human fetal hindbrain cells during the first trimester of pregnancy.

"We found trace of a lineage of embryonic stem-like cells in Gr3-MB tumors," said first author Dr. Abhirami Visvanathan a postdoctoral fellow in the Taylor lab. "These cells express a protein called protogenin that is present only in these high risk Gr3-MB but absent in normal postnatal cerebellum."

The researchers located the cancer stem-like cells in a specific brain region in the developing cerebellum called the rhombic lip. The cells are embedded in a structure unique to humans that is known as the interposed vascular plexus. When Gr3-MB tumors develop, they recreate the vascular plexus. Other types of medulloblastoma do not have this unique vascular structure.

"Stem-like cells in the tumor live in this immature blood vessel nest. Both tumor and vascular cells talk to each other and maintain a symbiotic niche benefiting both cells," Visvanathan said.




A novel idea to treat Gr3-MB

The finding that the tumors have a small population of protogenin-expressing stem-like cancer cells that sustains their growth inspired the researchers to test a novel approach to treating GR3-MBs.

"Instead of attacking the entire tumor, we hypothesized that eliminating the small population of cancer stem-like cells that sustains the tumor would be therapeutic, which is analogous to triggering the dissolution of an army by removing the leader," Taylor said.

As predicted by the hypothesis, therapies directed at eliminating the cancer stem-like cells produced effective results in animal models. "We targeted the protogenin-expressing cells that sustain tumor growth with CAR T-cell immunotherapy. CAR T-cell therapy is a promising strategy in which immune T-cells are modified to attack a specific target -- protogenin in this case -- enabling them to kill the cancer. This exciting finding supports conducting further investigations to determine whether this strategy is effective in treating human Gr3-MB."

The study also shows that targeting the vascular niche that supports tumor cell growth is another potential therapeutic option. Further studies are needed to explore this possibility.
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Could a dietary fiber supplement offer long-awaited treatment for food allergy sufferers? | ScienceDaily
A study from the University of Michigan has identified a potential new treatment for food allergies in inulin, a naturally occurring plant fiber commonly used as a supplement, a prebiotic in soda, a replacement for sweeteners and for other products and purposes.


						
In what appears to be a major advancement that offers the promise of relief to food allergy sufferers around the world, the paper published in Nature Materials describes inulin gel-based oral immunotherapy's success in stopping allergic reactions in mice by, in part, targeting bacteria in the gut. The gel prevented severe allergic reactions during and even after being administered, including reactions to common triggers such as peanuts, egg white and milk.

The research, conducted by an international team of scientists in pharmaceutical sciences, biomedical and chemical engineering, internal medicine and other specialties, proposes that inulin gel addresses the root cause of food allergies, rather than just managing symptoms.

The research was led by James Moon from U-M's College of Pharmacy. He has studied inulin's potential to treat disease for years. He said inulin gel-based therapy holds great promise due to its safety profile and potential for large-scale production.

"Inulin, a widely consumed dietary fiber recognized as safe by the FDA, forms the basis of the gel, making it a feasible and translatable option for clinical use," said Moon, whose lab develops drug delivery technologies combined with pharmaceutics and engineering to identify ways for the body to fight disease. Moon is the J. G. Searle Professor of Pharmaceutical Sciences.

While further research and clinical trials are needed to test the findings, the study, which emphasized the role of the small intestine's microbiota and metabolites in food allergy regulation, opens potentially life-changing new avenues for therapeutic interventions, he said. Other, newer treatment options have seen low uptake due to adverse reactions and spotty effectiveness.

As many as 1 in 3 adults and more than 1 in 4 children have food allergies, a life-altering condition that is getting harder to manage as allergens can be hidden in a variety of foods and drinks, according to the Centers for Disease Control and Prevention.




Food allergies have become a significant concern globally, especially in developed nations, as accidental exposure to allergens can trigger severe reactions, including death.

The research found that inulin gel, specifically formulated with an allergen, normalized the imbalanced intestinal microbiota and metabolites in allergic mice. This normalization led to the establishment of allergen-specific oral tolerance, effectively suppressing allergic reactions to various food allergens.

"The therapy showed long-lasting protection even after the cessation of treatment, indicating its potential for sustained relief from food allergies," said Fang Xie, a graduate student who also led the studies.

Inulins are a group of polysaccharides and natural storage carbohydrates in more than 36,000 plant species, including wheat, onion, asparagus and chicory, which is most often used to manufacture supplements.

The fiber is also the subject of research and clinical trials investigating its role in treating or leading to better understanding of cancerous tumors, gastrointestinal illnesses, diabetes and other diseases.

The researchers whose work went into the study represent institutions around the world, including the University of Texas M.D. Anderson Cancer Center, Dongguk University, Seoul, Republic of Korea, Michigan State University, the University of Washington and WPI Immunology Frontier Research Center, Osaka University, Japan. Additionally, researchers from the University of Michigan represent the Biointerfaces Institute, the departments of Pharmaceutical Sciences, Biomedical Engineering, Chemical Engineering and Internal Medicine and the Mary H. Weiser Food Allergy Center.

Disclaimer: Moon declares financial interests for board membership, as a paid consultant, for research funding, and/or as an equity holder in EVOQ Therapeutics and Saros Therapeutics, and U-M has a financial interest in EVOQ Therapeutics, Inc. The other authors declare no competing interests.
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Delaying diabetes with diet and exercise for four years results in better long-term health | ScienceDaily
Individuals diagnosed with prediabetes can reduce their long-term risk of death and diabetes-related health complications if they delay the onset of diabetes for just four years through diet and exercise. Guangwei Li of the China-Japan Friendship Hospital and colleagues report these findings in a new study published July 9 in the open-access journal PLOS Medicine.


						
Type 2 diabetes is associated with an increased risk of death and disability, and imposes a significant economic burden on individuals and societies worldwide. Lifestyle changes, such as eating a healthy diet and getting more exercise, can delay or reduce the risk of developing diabetes in people diagnosed with impaired glucose tolerance -- commonly called prediabetes. However, it is unknown how long a person must delay diabetes to ensure better long-term health.

In the new study, researchers looked at health outcomes from 540 prediabetic individuals who participated in the original Da Qing Diabetes Prevention Study, a six-year trial conducted in Da Qing City in China, starting in 1986. Participants belonged to either a control group or one of three lifestyle intervention groups, which involved following a healthy diet, getting more exercise, or both. The trial followed up with participants for more than 30 years.

Li's team determined the long-term risk of death, cardiovascular events -- like heart attack, stroke or heart failure -- and other diabetes-related complications for trial participants. They found that individuals who remained non-diabetic for at least four years after their initial diagnosis had a significantly lower risk of dying and a significantly lower risk of experiencing a cardiovascular event compared to those who developed diabetes sooner. This protective effect was not observed in individuals who remained non-diabetic for less than the "four-year threshold."

Overall, the analysis suggests that the longer a prediabetic person can delay developing diabetes, the better their long-term health outcomes will be. However, even just a few years of maintaining prediabetic status can yield benefits for years to come.

The authors add, "This study suggests that a longer duration of non-diabetes status in those with IGT has beneficial health outcomes and reduces mortality. The implementation of effective interventions targeting those with IGT should be considered as part of preventative management for diabetes and diabetes related vascular complications."
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New one-step method to make multiple edits to a cell's genome | ScienceDaily
Genome editing has become a widely adopted technology to modify DNA in cells, allowing scientists to study diseases in the lab and develop therapies that repair disease-causing mutations. However, with current approaches, it's only possible to edit cells in one location at a time.


						
Now, a team of scientists at Gladstone Institutes has developed a new method that enables them to make precise edits in multiple locations within a cell -- all at once. Using molecules called retrons, they created a tool that can efficiently modify DNA in bacteria, yeast, and human cells.

"We wanted to push the boundaries of genomic technologies by engineering tools to help us study the true complexity of biology and disease," says Associate Investigator Seth Shipman, PhD, senior author of a new study published in Nature Chemical Biology.

Conquering Limitations

Shipman is a leader in the nascent and fast-growing field of retrons, which are molecular components from a bacterial immune system that can produce large quantities of DNA. In 2022, by combining retrons with CRISPR-Cas9 genome editing, his lab pioneered a system to edit human cells quickly and efficiently.

With the new study, the researchers wanted to use their system to overcome a limitation of current genome editing methods.

"If you wanted to edit a cell in multiple locations of the genome that are not near each other, the standard approach before now was to make the modifications one after the other," explains Alejandro Gonzalez-Delgado, PhD, one of the first authors of the study and a postdoctoral scholar in Shipman's lab. "It was a laborious cycle: you would first make an edit, then you would use the edited cells to introduce another edit, and so on."

Instead, the team found a way to encode a retron so it can generate different portions of DNA. When delivered to a cell, these engineered retrons -- called multitrons -- can make multiple edits simultaneously.




Another benefit of multitrons is their ability to delete large sections of the genome.

"With multitrons, we can make sequential deletions to cut out and collapse middle portions of the genome region we're targeting, bringing the far-apart ends closer together until the entire region is completely deleted," says Gonzalez-Delgado.

Many Potential Applications

As part of their study, Shipman and his team demonstrated immediate applications for their new method in molecular recording and metabolic engineering.

Retrons, they have previously shown, can be used to record molecular events in a cell, providing a detailed log of the cell's activity and changes to its environment. With multitrons, the researchers have expanded this approach and can now record with greater sensitivity.

"Multitrons allow us to record very weak and very strong signals at the same time, expanding the dynamic range of our recordings," says Gonzalez-Delgado. "Eventually, we could imagine implementing this type of tool in the gut microbiome to record a signal like inflammation."

As for metabolic engineering, the scientists showed that multitrons can be used to simultaneously edit multiple genes in a metabolic pathway to rapidly increase the production of a targeted substance within a cell. They tested their approach on a powerful antioxidant called lycopene and successfully increased the production of this compound threefold.

"In order to start modeling complex genetic diseases and eventually find treatments or cures, we need to make many different mutations to cells at once," says Shipman, who is also an associate professor in the Department of Bioengineering and Therapeutic Sciences at UC San Francisco, as well as a Chan Zuckerberg Biohub Investigator. "Our new approach is a step toward that."
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Implantable LED device uses light to treat deep-seated cancers | ScienceDaily
Certain types of light have proven to be an effective, minimally invasive treatment for cancers located on or near the skin when combined with a light-activated drug. But deep-seated cancers, surrounded by tissue, blood and bone, have been beyond the reach of light's therapeutic effects.


						
To bring light's benefits to these harder-to-access cancers, engineers and scientists at the University of Notre Dame have devised a wireless LED device that can be implanted. This device, when combined with a light-sensitive dye, not only destroys cancer cells, but also mobilizes the immune system's cancer-targeting response. The research was published in Photodiagnosis and Photodynamic Therapy.

"Certain colors of light penetrate tissue deeper than other ones," said Thomas O'Sullivan, associate professor of electrical engineering and co-author on the paper. "It turns out that the kind of light -- in this case green -- that doesn't penetrate as deeply has the capability of producing a more robust response against the cancer cells."

Before the light can be effective in destroying cancer cells, a dye with light-absorbing molecules must be administered to the cells. The device turns on, the dye transfers the light into energy and that energy makes the cells' own oxygen toxic -- in effect, turning the cancer cells against themselves.

While other treatments also weaponize the cells' own oxygen, this device causes a particularly serendipitous form of cell death.

"Working together, biochemistry graduate student Hailey Sanders and electrical engineering graduate student SungHoon Rho perceptively noted that the treated cells were swelling, which is the hallmark of a kind of cell death, pyroptosis, that's particularly good at triggering the immune response," said Bradley Smith, the Emil T. Hofman Professor of Science and co-author on the paper.

"Our goal is to induce just a little bit of pyroptotic cell death, which will then trigger the immune system to start attacking the cancer."

In future studies, the device will be used in mice to see whether the cancer-killing response initiated in one tumor will prompt the immune system to identify and attack another cancerous tumor on its own.

O'Sullivan noted that the device, which is the size of a grain of rice, can be injected directly into a cancerous tumor and activated remotely by an external antenna. The goal is to use the device not only to deliver treatment but also to monitor the tumor's response, adjusting signal strength and timing as needed.

This research was one of four projects funded by the first Seed Transformative Interdisciplinary Research (STIR) grants. Initiated in 2023 by the Notre Dame College of Science and College of Engineering, these grants are designed to jump-start science and engineering research projects in human health, the environment and information technologies.
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Researchers identify cause of serious brain bleeding condition in premature newborns | ScienceDaily
A new study by investigators from Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare, reveals insights that could lead to new treatments for a serious brain bleeding condition that's common in newborns with very low birth weight. The findings are published in Brain.


						
"Intraventricular hemorrhage, which is characterized by bleeding inside or around the spaces in the brain that contain the cerebral spinal fluid, occurs in about one-third of newborns with very low birth weight, and more than half of survivors are neurologically handicapped for life," said senior author Kevin J. Staley, MD, who is chief of the Division of Pediatric Neurology at Massachusetts General Hospital. "The pathophysiology of brain injury leading to intraventricular hemorrhage in prematurely born infants is unclear -- therefore, providing effective intervention is challenging."

Research from animal models suggests that brain tissue shrinkage, with subsequent stretching of blood vessels, is an important step in the pathophysiology of intraventricular hemorrhage, but the cause of this shrinkage is unknown.

Staley and his colleagues conducted experiments in mice to reveal that certain salt and water transporters located in the cell membranes of neurons play a role in this tissue shrinkage in response to a lack of oxygen to the brain. Altering the activity of these transporters prevented neuronal shrinkage and blood vessel stretching after brain injury in immature neurons.

"We found that because of the unique salt and water transport systems expressed in immature neurons, the neurons shrink in response to injury. This is the opposite of the reaction to injury in the mature brain, which swells after injury. The volume loss in immature neurons leads to local tissue shrinkage that then stretches blood vessels, which can lead to rupture and intraventricular hemorrhage," Staley explained. "We demonstrated using animal models that manipulation of the transporters will ameliorate these consequences of brain injury."

Next, the scientists will analyze clinical data to assess whether their experimental findings in mice apply to human newborns.
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Hepatitis C leaves 'scars' in immune cells even after successful treatment | ScienceDaily
Led by Director SHIN Eui-Cheol, researchers from the Institute for Basic Science (IBS) Korea Virus Research Institute's (KVRI) Center for Viral Immunology have provided new insights into the lasting effects of chronic Hepatitis C virus (HCV) infection on the immune system, even after the disease has been successfully treated. The research team has discovered that traces of "epigenetic scars" remain in regulatory T cells and exhibit sustained inflammatory properties long after the virus is cleared from the body.


						
Chronic hepatitis C, caused by the hepatitis C virus, can lead to severe complications such as liver cirrhosis and liver cancer. The advent of highly effective direct-acting antivirals (DAAs) has resulted in high cure rates for this chronic viral infection. However, it has been reported that the immune system of patients does not fully recover even after being cured.

The study examined patients with chronic HCV infection who achieved sustained virologic response (SVR) after DAA treatment. SVR means that the HCV virus is not detected in blood for 12 weeks after treatment, which is a strong indicator that the virus has been eradicated from the body. The researchers found that the frequency of activated TREG cells remained elevated during treatment and continued to be high even after the virus was eliminated.

The researchers then performed comprehensive analyses, including RNA sequencing and ATAC-seq, which revealed that the transcriptomic and epigenetic landscapes of TREG cells from HCV patients remained altered even after eradication of the virus. Inflammatory features, such as increased TNF signaling, were sustained in TREG cells, indicating long-term immune system changes induced by the chronic infection. These activated TREG cells from HCV patients continued to produce inflammatory cytokines like TNF, IFN-g, and IL-17A even after clearance of the virus. The researchers followed the patients for up to six years after achieving SVR and found that inflammatory features still persisted.

The study's results have significant implications for the long-term management of patients who have been treated for chronic HCV infection. Despite successful viral clearance, the persistence of inflammatory features in TREG cells suggests that these patients may be at risk for ongoing immune system dysregulation. This could potentially lead to chronic inflammation and related health issues.

Director SHIN Eui Cheol explained, "Our findings highlight the need for ongoing monitoring even after HCV has been cleared. By understanding the underlying mechanisms of these persistent immune changes, we can develop more effective strategies to ensure complete recovery and improve the quality of life for HCV patients."

The research team is now focusing on further investigating the mechanisms behind the sustained inflammatory state of TREG cells. They aim to explore potential therapeutic interventions that could reverse these epigenetic and transcriptomic changes.

"We are now interested in seeing whether other chronic viral infections also cause long-lasting epigenetic changes in our immune systems," said Director Shin. "One of our goals is to identify clinical implications of these persistent immune alterations."

This research was published in the Journal of Hepatology.
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Nerve damage from breast cancer treatment can be predicted | ScienceDaily
Many women treated for breast cancer using taxanes, a type of cytostatic drug, often experience side effects in the nervous system. Researchers at Linkoping University have developed a tool that can predict the risk level for each individual. The tool could help doctors adapt treatment to avoid persistent side effects in those at the greatest risk.


						
More and more people are becoming cancer survivors. But even if they have survived the disease, an increasing number still suffer from the side effects of cancer treatment. In a recent study from Linkoping University, researchers studied the side effects of taxanes, a chemotherapy drug used to prevent breast cancer recurrence. The drawback of the treatment is that some patients suffer nerve damage as a side effect.

"Side effects in the form of nerve damage are very common after treatment with taxanes for breast cancer, and they often persist for several years. For those affected it is extremely stressful, and it has a major impact on quality of life. So it is a major clinical problem, which has received more attention in recent years, but there has been no way to know which individuals are at greatest risk of side effects," says Kristina Engvall, who recently completed her PhD at Linkoping University and is a doctor at the oncology clinic at Ryhov County Hospital in Jonkoping.

The researchers began by carefully surveying side effects in patients treated for breast cancer with either docetaxel or paclitaxel, the two most common taxane drugs. Between two and six years had passed since treatment. 337 patients were asked to describe the severity of the nerve damage they experienced, or peripheral neuropathy as it is also called. Most common was cramps in the feet, which more than one in four patients had. Other side effects included difficulty opening a jar, numbness in feet, tingling in feet and difficulty climbing stairs.

The researchers sequenced the patients' genes and then built models that link genetic characteristics to various side effects of the taxane treatment. This allows the models to predict the risk of nerve damage. This type of model, known as a prediction model, has not previously existed for taxane-induced peripheral neuropathy. The researchers succeeded in modeling the risk of persistent numbness and tingling in feet.

The two models were able to separate the patients into two clinically relevant groups: one with a high risk of persistent side effects, and one that corresponded to the frequency of peripheral neuropathy in the normal population. The researchers used two-thirds of the data to train the models through machine learning. They were then able to use the remaining third of the patients to validate the models, which was found to work very well. Validating that the models also work in a different group is an important step.

"This is the first time a prediction model has been developed that can predict the risk of nerve damage from taxane treatment. Women who have been treated with taxanes after breast cancer surgery make up a very large group in healthcare worldwide, so this is a major and clinically relevant problem," says Henrik Green, professor at Linkoping University, who led the study published in the journal npj precision oncology.




"This can be a tool to individualise treatment, and not only to look at the benefits, but also to look at the risks for the individual patient. Today we are so good at treating breast cancer that we need to focus more on the risk of complications and side effects that affect the patient long after treatment," says Kristina Engvall.

In the long term, the prediction model could be adopted as routine in healthcare. But first, research is needed in order to find out whether the prediction model also works well in other population groups than the Swedish population.

"It also emerged that three of the five symptoms we focused on are so biologically complex that we could not model them. These include, for example, difficulty opening cans. Opening a can involves both motor and sensory nerves, which makes it very difficult to predict which individuals are at greatest risk of developing that symptom," says Henrik Green.

The study was funded with support from, among others, the Swedish Cancer Society, ALF funding, the Medical Research Council of Southeast Sweden (FORSS), and Futurum in Region Jonkoping.
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Run screaming or slow retreat? New study advances understanding of brain responses to emotionally-charged scenes | ScienceDaily
The ability to recognise and respond to emotionally-charged situations is essential to a species' evolutionary success. A new study published today [July 9th] in Nature Communications advances our understanding of how the brain responds to emotionally charged objects and scenes.


						
The research, led by Trinity College Dublin neuroscientist Prof. Sonia Bishop and Google researcher Samy Abdel-Ghaffar while he was a PhD student in Prof. Bishop's lab at UC Berkeley, has identified how the brain represents different categories of emotional stimuli in a way that allows for more than a simple 'approach avoid' dichotomy when guiding behavioural responses. The research was funded by the National Institutes of Health, USA.

Sonia Bishop, now Chair of Psychology, in Trinity's School of Psychology and senior author of the paper explains: "It is hugely important for all species to be able to recognise and respond appropriately to emotionally salient stimuli, whether that means not eating rotten food, running from a bear, approaching an attractive person in a bar or comforting a tearful child.

"How the brain enables us to respond in a nuanced way to emotionally-charged situations and stimuli has long been of interest. But, little is known about the how the brain stores schemas or neural representations to support the nuanced behavioural choices we make in response to emotional natural stimuli.

"Neuroscience studies of motivated behaviour often focus on simple approach or avoidance behaviours -- such as lever pressing for food or changing locations to avoid a shock. However, when faced with natural emotional stimuli, humans don't simply choose between 'approach' or 'avoid'. Rather they select from a complex range of suitable responses. So, for example, our 'avoid' response to a large bear (leave the area ASAP) is different to our 'avoid' response to a weak, diseased, animal (don't get too close). Similarly our 'approach' response to the positive stimuli of a potential mate differs to our 'approach' reaction to a cute baby.

"Our research reveals that the occipital temporal cortex is tuned not only to different categories of stimuli but it also breaks down these categories based on their emotional characteristics in a way that is well suited to guide selection between alternate behaviours."

The research team from Trinity College Dublin, University of California Berkeley, University of Texas at Austin, Google and University of Nevada Reno, analysed the brain activity of a small group of volunteers when viewing over 1,500 images depicting natural emotional scenes such as a couple hugging, an injured person in a hospital bed, a luxurious home, and an aggressive dog.




Participants were asked to categorise the images as positive, negative or neutral and to also rate the emotional intensity of the images. A second group of participants picked the behavioural responses that best matched each scene.

Using cutting-edge modelling of brain activity divided into tiny cubes (of under 3mm3) the study discovered that the occipital temporal cortex (OTC), a region at the back of the brain, is tuned to represent both the type of stimulus (single human, couple, crowd, reptile, mammal, food, object, building, landscape etc.) and the emotional characteristics of the stimulus -- whether it's negative, positive or neutral and also whether it's high or low in emotional intensity.

Machine learning showed that these stable tuning patterns were more efficient in predicting the behaviours matched to the images by the second group of participants than could be achieved by applying machine learning directly to image features -- suggesting that the OTC efficiently extracts and represents the information needed to guide behaviour.

Samy Abdel-Ghaffar, Google, commented: "For this project we used Voxel-Wise Modeling, which combines machine learning methods, large datasets and encoding models, to give us a much more fine-grained understanding of what each part of the OTC represents than traditional neuroimaging methods. This approach let us explore the intertwined representation of categorical and emotional scene features, and opened the door to novel understanding of how OTC representations predict behaviour."

Prof. Bishop added: "These findings expand our knowledge of how the human brain represents emotional natural stimuli. In addition, the paradigm used does not involve a complex task making this approach suitable in the future, for example, to further understanding of how individuals with a range of neurological and psychiatric conditions differ in processing emotional natural stimuli."

More about the study method:

The team used a novel large dataset of 1,620 emotional natural images and conducted functional magnetic resonance imaging with adult human volunteers, acquiring over 3,800 3D pictures of brain activity while participants viewed these images. Participants judged these images on valence (positive, negative or neutral) and arousal (or emotional intensity).

Modelling this data using small 2.4x2.4x3mm chunks or 'voxels' of brain activity, the researchers found that regions of occipital temporal cortex, in the back of the brain, showed differential representation of both stimulus semantic category and affective value. For example, positive high arousal faces were represented in slightly different regions to negative high arousal faces and neutral low arousal faces.

Furthermore, when a completely new set of participants were asked to select behaviours that went with each image, the top dimensions of this neural coding representational 'space' better predicted the behaviours selected than the top dimensions based directly on image features (for example is the stimulus animate-positive?). This suggests that the brain chooses which information is important or not important to represent and hold stable representations of sub-categories of animate and inanimate stimuli that integrate affective information and are optimally organised to support the selection of behaviours to different types of emotional natural stimuli.
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Brain neurotransmitter receptor antagonist found to prevent opioid addiction in mice | ScienceDaily
New research led by UCLA Health has found a drug that treats insomnia works to prevent the addictive effects of the morphine opioids in mice while still providing effective pain relief.


						
The study, published in the journal Nature Mental Health, concluded that suvorexant, which blocks brain receptors for a neurotransmitter called hypocretin, prevents opioid addiction. At high doses in humans, suvorexant induces sleep and is used to treat insomnia. But sleep was not induced, and behavioral alertness was maintained, at the much lower doses effective in preventing opioid addiction in mice.

Hypocretin, also called orexin, is a peptide that is linked to mood, with hypocretin release in humans being maximal during pleasurable activities and minimal during pain or sadness. The loss of hypocretin neurons is the cause of narcolepsy, which is thought to be an autoimmune disease. People with narcolepsy and mice made narcoleptic have a greatly diminished susceptibility to opiate addiction.

Researchers have found both humans addicted to heroin and mice addicted to morphine develop higher numbers of hypocretin producing neurons. Morphine causes hypocretin neurons to increase their anatomical connections to pleasure related brain regions.

The latest study in mice found that administering opioids with suvorexant prevents opioid-induced changes in hypocretin neurons, prevents hypocretin neurons from increasing their connections to the brain's reward related regions, greatly reduces opioid induced brain inflammation and prevents addictive behavior, such as running in mice expecting to receive their daily morphine dose. Suvorexant given with morphine also greatly reduces morphine withdrawal symptoms, according to the study.

"The annual US rate of opioid overdose deaths now exceeds 80,000, greater than the annual rates of automobile or gun deaths," said the study's senior author, Dr. Jerome Siegel of UCLA Health's Jane & Terry Semel Institute for Neuroscience and Human Behavior, the UCLA Brain Research Institute and U.S. Department of Veterans Affairs. "Non-opioid analgesics are able to relieve relatively minor pain. But severe burns, cancer, joint inflammation, sickle cell disease, bone damage and many other painful conditions often cannot be effectively treated with non-opioid analgesics.

"Further studies are needed to determine if the addiction suppressive results seen in mice given suvorexant with morphine are also seen in humans, potentially allowing safer, more effective treatment of pain without the risk of addiction and opioid overdose death," Siegel continued

The study included 170 mice that were administered morphine for 14-day periods, 5 postmortem brains of humans with opiate use disorder and 5 control human brains. Trials are necessary to determine whether suvorexant will be as effective in suppressing addiction in humans using opioids for pain relief as it is in mice, Siegel said.

"The annual US rate of opioid overdose deaths now exceeds 80,000, greater than the annual rates of automobile or gun deaths," Siegel said. "Non-opioid analgesics are able to relieve relatively minor pain. But severe burns, cancer, joint inflammation, sickle cell disease, bone damage and many other painful conditions often cannot be effectively treated with non-opioid analgesics.

"Further studies are needed to determine if the addiction suppressive results seen in mice given suvorexant with morphine are also seen in humans, potentially allowing safer, more effective treatment of pain without the risk of addiction and opioid overdose death," Siegel continued.
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Trust, more than knowledge, critical for acceptance of fully autonomous vehicles | ScienceDaily
While not yet on the market, fully autonomous vehicles are promoted as a way to make road travel dramatically safer, but a recent study found that knowing more about them did not improve people's perception of their risk. They needed to have more trust in them too.


						
This study adds to the evidence from other research that knowledge alone is not enough to sway people's attitudes toward complex technology and science, such as gene editing or climate change. In this case, Washington State University researchers found that trust in the autonomous vehicles' reliability and performance played the strongest role in improving perceptions of the technology's risk.

That may be critical to whether this technology will ever be realized, said Kathryn Robinson-Tay, lead author of the study published in the Journal of Risk Research.

"Autonomous vehicles are such consumer-oriented products. Whether they are used or not is really dependent on whether people will buy them," said Robinson-Tay, a doctoral student in WSU's Murrow College of Communication. "We found there was no significant relationship between people's knowledge and their risk perceptions of autonomous vehicles -- without the mediation of trust."

While some cars with autonomous features, like Tesla's adaptive cruise control, are on the roads now, fully driverless vehicles are not yet available. By some estimates, if they do become available, they could improve traffic safety by 90%. But that likely depends on their wide-adoption, and currently, perceptions of their safety are very low. A 2022 Pew Research poll showed 44% of Americans have a negative view of autonomous vehicles.

For this study, Robinson-Tay and her advising professor Wei Peng conducted a representative, cross-sectional survey of 323 adults in the U.S. using Census-based quotas for age, gender and race to ensure a diverse sample. The participants answered questions about their knowledge and perceptions of autonomous vehicles and their risk. While trust emerged as the most influential factor, people's desire to experience using fully autonomous vehicles also indirectly led to improved perceptions of risk.

The fact that fully autonomous vehicles are not yet available even to try out may be part of the problem, but their very autonomous nature may also hinder their acceptance, said Peng, a WSU communications researcher.




"It's basic psychology that people want to interact with the things they use. They want to control them through physical touch. With fully autonomous vehicles, you do not need to touch them, so people may feel they are very risky or unsafe," he said.

News reports about accidents with partially autonomous vehicles has also likely hurt perceptions, the researchers said.

"Accidents happen all the time on the road every day, but people tend to overestimate the risk of something that's new, or that they're less familiar with," Peng said.

Regardless, this study's findings point to the need to build trust with the public if fully autonomous vehicles are to ever take to the roads.

"Proponents should do their best to communicate the benefits, and the risks, of autonomous vehicles in an effort to increase both knowledge and trust," said Robinson-Tay. "It's really important to communicate as honestly as possible so people can have a balanced understanding of what they're exactly getting into with purchasing one."
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Study finds 1 in 12 patients labeled as having 'benign' results actually had high-risk prostate cancer | ScienceDaily
New research highlights the challenge of balancing the risks of overdiagnosing and underdiagnosing prostate cancer early enough to intervene and minimize risk of death. Recently, some experts have called for the lowest grade of prostate cancer -- biopsy Gleason Grade Group (GGG) 1 -- to be reclassified as 'benign.' But a new study led by a researcher from Mass General Brigham has found that many patients with a biopsy GGG1 may have a more aggressive cancer than their biopsy alone suggests.


						
By looking at data from more than 10,000 patients at a university in Germany, researchers found that at least 8 percent of patients with this classification had a more aggressive form of prostate cancer. They also found that many of the patients with GGG1 who are at highest risk can be identified based on high PSA levels or 50 percent or more of their biopsy samples coming back positive. Maintaining a "cancer" classification for these higher risk patients could improve their treatment plan and minimize risk of death. Results are published in European Urology Oncology.

"Our study identifies two risk factors that help determine which patients with GGG1 are at heightened risk of aggressive disease and death," said senior author Anthony D'Amico, MD, PhD, of the Department of Radiation Oncology at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "For patients with GGG1 who are at heightened risk, we should continue to call their diagnosis cancer and we should report it back to their physician so that they can act on this information. For patients with GGG1 who do not have either of these risk factors, the chance of dying is much lower. But for clinicians caring for patients at greatest risk, our message is clear: Call it cancer, and look harder."

D'Amico collaborated with colleagues from University Hospital Hamburg Eppendorf to analyze data from 10,228 patients with GGG1 prostate cancer who underwent radical prostatectomy (surgical removal of the prostate) at the university hospital in Germany. Of these patients, 9,249 were diagnosed based on transrectal ultrasound (TRUS)-guided biopsies, and 980 were diagnosed using a more modern approach that combines TRUS with MRI to detect prostate cancer more accurately. The study began enrolling patients in February 1992 and continued following them through November 2023.

Of the 10,228 patients in the study cohort, adverse pathology -- that is, a higher-grade Gleason Group Score or positive pelvic lymph nodes -- at the time of radical prostatectomy was found in 955 of 9,248 patients diagnosed using TRUS (10.33 percent) and 77 of 980 patients diagnosed using the combined biopsy approach (7.86 percent). About 6 percent of patients with GGG1 had a PSA level of 20 ng/ml or more and about 12-14 percent of patients with GGG1 had more than half of their systematic biopsies return a positive result. Patients with either of these indicators had a significantly elevated risk of adverse pathology, increased risk for early PSA failure, and risk of death.

The authors note potential limitations to their study, including that the study population is from a single institution, PSA levels prior to diagnosis were not available, and most patients had samples collected and diagnosed before combined biopsy became widely adopted and diagnostic guidelines were updated in 2014. However, researchers found the same result for what predicts increased risk of adverse pathology and early recurrence (within 18 months) despite taking the prostate out in patients diagnosed with both approaches.

D'Amico notes that for patients with GGG1 who have one or both indicators of heightened risk, there are steps that clinicians can take, such as doing a follow-up biopsy sooner or recommending genomic testing, to assess if aggressive prostate cancer is present but missed on initial biopsy so as to intervene earlier to minimize risk of aggressive disease and death/

"Physicians and patients can have an informed discussion about whether observation, active surveillance or treatment is the right approach," he said. "But if all patients with GGG1 are labeled 'benign,' it may preclude those conversations from happening."

Authorship: D'Amico's co-authors on the paper include Derya Tilki, Ming-Hui Chen, Hartwig Huland, and Markus Graefen.
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Scientists exploring potential new treatments for glioblastoma | ScienceDaily
A new approach to treating the most malignant type of brain cancer -- glioblastoma -- has shown strong promise in pre-clinical settings, raising hopes of increasing current average survival rates beyond 18 months.


						
Targeted alpha therapy (TAT) is emerging as a potential additional treatment for glioblastoma (GB), a disease which has confounded oncologists for decades due to its aggressive nature and strong resistance to existing therapies.

The current standard treatment for GB is surgery, followed by external beam radiotherapy and the chemotherapy drug, temozolomide. However, survival rates of less than 5-10% at five years have prompted researchers to explore alternative options.

University of South Australia scientists are conducting their own experiments with TAT and have reviewed existing clinical studies to assess the viability of targeted alpha therapy as a treatment option for recurrent glioblastoma.

In a new paper published in Targeted Oncology, UniSA PhD candidate Maram El Sabri, medical radiation physicist Professor Eva Bezak and oncologist Professor Frank Saran outline the evidence supporting TAT.

"Unlike external beam radiotherapy, which delivers radiation more diffusely over a larger volume, TAT delivers high amounts of lethal radiation to the tumour at very short range, hitting its target without significantly affecting surrounding healthy tissue," says Maram.

"Alpha particles are up to 10 times more potent, when compared to standard photon radiation therapy, killing the cancer cells or at the very least slowing their future growth by damaging their DNA."

Glioblastomas are problematic because they grow very quickly and spread beyond the easy visible tumour into normal brain tissue, making it difficult for oncologists to deliver the optimal dosage of radiation needed to kill the cancer.




Animal studies demonstrate that only a few targeting agents can effectively cross the blood brain barrier (BBB) to reach cancerous tissue, and those that do cause unwanted side effects in surrounding healthy tissue.

In pre-clinical experiments, TAT has been shown to increase survival rates by 16.1% in newly diagnosed glioblastoma cases and by 36.4% in recurrent tumours. Furthermore, the studies suggest that it has minimal adverse effects for the patient.

Co-author Professor Bezak says TAT was first proposed for cancer therapy more than 20 years ago by internationally acclaimed Australian research scientist, Professor Barry Allen, who died in 2019 from cancer.

"He was ahead of his time. It has taken this long for TAT to be gradually accepted by clinicians and for animal (pre-clinical) and human (clinical) studies to be undertaken," Prof Bezak says.

"Pre-clinical studies show very promising results. Alpha emitters are up to 10 times more toxic to cells than gamma radiation, which are used in external beam radiation. Also, compared to the cost of current immunotherapy or molecular targeting drugs, targeted alpha therapy is relatively cheap."

Professor Frank Saran, an Adjunct Clinical Professor at UniSA and experienced radiation oncologist, says very little progress has been made in the treatment of glioblastoma in recent decades, sparking a renewed interest in TAT.




"The most exciting development was the discovery of the chemotherapy drug temozolomide in the 1980s but that has only improved the expected median survival by around three months," he says.

"Research into this area is very low for several reasons. First, glioblastoma is a rare cancer so does not affect large swathes of the population. It also has extremely low survival rates and there is a long-standing history of failed studies in this area. Unfortunately, pharmaceutical companies are often not willing to invest money in GB because it has a low probability of success and is not commercially viable."

In her PhD, Maram is developing a computational model to calculate how TAT can be delivered most effectively to the brain after surgery, and in combination with conventional radiation treatment and chemotherapies, specifically targeting residual cancer cells and delivering more effective radiation to the tumour.

"I am excited to find out if we can find the right dosing and radiation range by adding TAT to the conventional treatment options. If this is successful, we might see some significant results in terms of extending a patient's life," she says.
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Diagnosing different forms of dementia now possible using artificial intelligence | ScienceDaily
Ten million new cases of dementia are diagnosed each year but the presence of different dementia forms and overlapping symptoms can complicate diagnosis and delivery of effective treatments. Now researchers from Boston University have developed an AI tool that can diagnose ten different types of dementia such as vascular dementia, Lewy body dementia, and frontotemporal dementia, even if they co-occur.


						
The researchers created a multimodal Machine Learning (ML) framework that accurately identifies specific pathologies causing dementia using commonly collected clinical data, such as demographic information, patient- and family-level medical history, medication use, neurological and neuropsychological exam scores and neuroimaging data such as MRI scans.These findings appear online in Nature Medicine.

"Our generative AI tool enables differential dementia diagnosis using routinely collected clinical data, showing its potential as a scalable diagnostic tool for AD and related dementias," says corresponding author Vijaya B. Kolachalama, PhD, FAHA, associate professor of medicine at Boston University Chobanian & Avedisian School of Medicine. "The ability to generate diagnosis with routine clinical data is becoming increasingly important given the significant challenges in accessing gold-standard testing, not only in remote and economically developing regions and in urban healthcare centers," adds Kolachalama who also is an associate professor of computer science, affiliate faculty of Hariri Institute for Computing, and a founding member of the Faculty of Computing & Data Sciences at Boston University.

In the study, the multimodal ML framework was trained on data from more than 50,000 individuals from nine different global datasets. The model achieved an area under the receiver operating characteristic (ROC) curve of 0.96 in differentiating the dementia types. The ROC score can range from 0 to 1. A score of 0.5 indicates random guessing, and a score of 1 indicates perfect performance.

The team also compared the performance of neurologists and neuro-radiologists working alone versus with the AI tool, and found that AI can boost the accuracy of neurologists by more than 26% across all 10 dementia types. Using 100 randomly selected cases, 12 neurologists were asked to make a diagnosis and provide a confidence score between 0 to 100. This confidence score was then averaged with the probability score obtained by the AI tool to obtain an AI-augmented neurologist score.

"There aren't enough neurology experts around the world, and the number of patients needing their help is growing quickly. This mismatch is putting a big strain on the healthcare system. We believe AI can help by identifying these disorders early and assisting doctors in managing their patients more effectively, preventing the diseases from getting worse," says Kolachalama.

With dementia cases set to double in the next 20 years, the researchers hope that this AI tool can provide accurate differential diagnosis and support the increased demand in targeted therapeutic interventions for dementia.

This project was supported by grants from the Karen Toffler Charitable Trust, National Institute on Aging's Artificial Intelligence and Technology Collaboratories (P30-AG073014), the American Heart Association (20SFRN35460031), Gates Ventures, and the National Institutes of Health (R01-HL159620, R21-CA253498, R43-DK134273, RF1-AG062109, U19-AG068753, P20-GM130447, K23-NS075097, P50-AG047366, and R01-NS115114)
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Brain-imaging study reveals curiosity as it emerges | ScienceDaily
You look up into the clear blue sky and see something you can't quite identify. Is it a balloon? A plane? A UFO? You're curious, right?


						
A research team based at Columbia's Zuckerman Institute has for the first time witnessed what is happening in the human brain when feelings of curiosity like this arise. In a study published in the Journal of Neuroscience, the scientists revealed brain areas that appear to assess the degree of uncertainty in visually ambiguous situations, giving rise to subjective feelings of curiosity.

"Curiosity has deep biological origins," said corresponding author Jacqueline Gottlieb, PhD, a principal investigator at the Zuckerman Institute. The primary evolutionary benefit of curiosity, she added, is to encourage living things to explore their world in ways that help them survive.

"What distinguishes human curiosity is that it drives us to explore much more broadly than other animals, and often just because we want to find things out, not because we are seeking a material reward or survival benefit," said Dr. Gottlieb, who is also a professor of neuroscience at Columbia's Vagelos College of Physicians and Surgeons. "This leads to a lot of our creativity."

Joining Dr. Gottlieb on the research were Michael Cohanpour, PhD, a former graduate student at Columbia (now a data scientist with dsm-firmenich), and Mariam Aly, PhD, also previously at Columbia and now an acting associate professor of psychology at the University of California, Berkeley.

In the study, researchers employed a noninvasive, widely used technology to measure changes in the blood-oxygen levels in the brains of 32 volunteers. Called functional magnetic resonance imaging, or fMRI, the technology enabled the scientists to record how much oxygen different parts of the subjects' brains consumed as they viewed images. The more oxygen a brain region consumes, the more active it is.

To unveil those brain areas involved in curiosity, the research team presented participants with special images known as texforms. These are images of objects, such as a walrus, frog, tank or hat, that have been distorted to various degrees to make them more or less difficult to recognize.




The researchers asked participants to rate their confidence and curiosity about each texform, and found that the two ratings were inversely related. The more confident subjects were that they knew what the texform depicts, the less curious they were about it. Conversely, the less confident subjects were that they could guess what the texform was, the more curious they were about it.

Three pairs of texforms showing unrecognizable and clear versions of objects. (Credit: Gottlieb Lab/Columbia's Zuckerman Institute)

Using fMRI, the researchers then viewed what was happening in the brain as the subjects were presented with texforms. The brain-scan data showed high activity in the occipitotemporal cortex (OTC), a region located just above your ears, which has long been known to be involved in vision and in recognizing categories of objects. Based on previous studies, the researchers expected that when they presented participants with clear images, this brain region would show distinct activity patterns for animate and inanimate objects. "You can think of each pattern as a 'barcode' identifying the texform category," Dr. Gottlied said.

The researchers used these patterns to develop a measure, which they dubbed "OTC uncertainty," of how uncertain this cortical area was about the category of a distorted texform. They showed that, when subjects were less curious about a texform, their OTC activity corresponded to only one barcode, as if it clearly identified whether the image belonged to the animate or the inanimate category. In contrast, when subjects were more curious, their OTC had characteristics of both barcodes, as if it could not clearly identify the image category.

Also active during the texform presentations were two regions in the front of the brain. One is the anterior cingulate cortex, which previous studies implicated in information gathering. The other is the ventromedial prefrontal cortex (vmPFC), which is involved in monitoring a person's subjective perceptions of value and confidence about different situations. In the new study, both areas were more active when subjects reported being more confident in knowing a texform's identity (and thus, less curious to see the clarified image).

This is really the first time we can link the subjective feeling of curiosity about information to the way your brain represents that information.




Importantly, said Dr. Gottlieb, vmPFC activity seemed to provide a neurological bridge between the subjective feeling of curiosity and the OTC certainty measure. It's as though this region read out the uncertainty encoded by the distributed activity pattern in the OTC and helped a person decide if they needed to be curious about the texform.

"This is really the first time we can link the subjective feeling of curiosity about information to the way your brain represents that information," Dr. Gottlieb said.

The study has two important implications, Dr. Gottlieb said. First, although the study focused on perceptual curiosity elicited by visual stimuli, people experience other forms of curiosity, such as curiosity about trivia questions and factual matters (i.e. how tall is the Eiffel tower?) or social curiosity (which restaurant did my friends go to last night?). One intriguing possibility of the study, she noted, is that the mechanism it has uncovered may generalize to other forms of curiosity. For example, an fMRI study investigating sounds of varying recognizability may show that auditory areas in the brain convey the uncertainty regarding the sound and the vmPFC reads out this uncertainty to determine curiosity.

A second possibility on Dr. Gottlieb's mind is that the findings could have diagnostic and even therapeutic implications for those with depression, apathy or anhedonia (the inability to feel pleasure), which are conditions often marked by a lack of curiosity.

"Curiosity entails a sort of enthusiasm, a willingness to expend energy and investigate your surroundings. And it's intrinsically motivated, meaning that nobody is paying you to be curious; you are curious merely based on the hope that something good will come when you learn," Dr. Gottlieb said. "Those are just some of the amazing things about curiosity."
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Study backs RSV vaccine safety during pregnancy | ScienceDaily
Vaccinating mothers against respiratory syncytial virus (RSV) during late pregnancy to protect their newborns is not associated with an increased risk of preterm birth or other poor outcomes, according to a study by Weill Cornell Medicine and NewYork-Presbyterian investigators. Infants are particularly vulnerable to the virus which can cause a serious lower respiratory illness.


						
The study published in JAMA Network Open on July 8 adds real-world evidence to the existing data from clinical trials about the safety of Pfizer's Abrysvo vaccine. The researchers found that there wasn't a significant statistical difference in preterm birth rates between vaccinated women (5.9 percent) and unvaccinated women (6.7 percent).

"The real-world evidence provides an additional layer of confidence about the safety of this vaccine during pregnancy," said the study's lead author Dr. Moeun Son, associate professor of obstetrics and gynecology at Weill Cornell Medicine. "Randomized clinical trials don't always emulate the populations we see in the clinical setting, but now we have data from multiple populations showing no increase in preterm birth risk."

The study's senior author is Dr. Heather Lipkind, professor of obstetrics and gynecology and director of Clinical Maternal-Fetal Medicine at Weill Cornell Medicine and a gynecologist-obstetrician at NewYork-Presbyterian/Weill Cornell Medical Center.

RSV Protection from Day One

Every year, RSV infections cause up to 80,000 hospitalizations and up to 300 deaths in children under five, according to the U.S. Centers for Disease Control and Prevention (CDC). For the first time last fall, mothers could reduce this risk -- in August 2023, the U.S. Food and Drug Administration approved the Abrysvo vaccine for women between 32 and 36 weeks of pregnancy based on clinical trial results.

A month later, the CDC's Advisory Committee on Immunization Practices recommended the vaccine for eligible pregnant women during RSV season, September to the end of January. The single-dose shot stimulates production of protective antibodies that are transferred from mother to infant through the placenta.




To further study the vaccine's safety in actual practice, Dr. Son and her colleagues analyzed pregnancy outcomes in 1,026 vaccinated and 1,947 unvaccinated patients who received care at NewYork-Presbyterian/Weill Cornell Medical Center and NewYork-Presbyterian Lower Manhattan Hospital during the first year the vaccinations were available. All patient data was de-identified to protect privacy.

In addition to preterm birth rate, the team evaluated other birth risks in vaccinated and unvaccinated pregnant women. The two groups had similar rates of stillbirths, small-for-gestational-age birthweight, neonatal intensive care unit (NICU) admissions, respiratory distress with NICU admissions, jaundice, low blood sugar and sepsis among the newborns.

The data are particularly reassuring because they include some women with health conditions that could increase the risks of poor pregnancy outcomes who were excluded from the vaccine clinical trial. "Patients and clinicians can feel confident that vaccination during pregnancy is a safe way to protect infants from harmful RSV infections," said Dr. Son, who is also a maternal-fetal medicine physician at NewYork-Presbyterian/Weill Cornell Medical Center.

Vaccination Rates Can be Improved

To verify their results, Dr. Son and her colleagues conducted three separate analyses using different statistical methods. In one of the three analyses, they found a slightly increased risk of high blood pressure during pregnancy in vaccinated women. However, whether the difference in that analysis reflects a genuine concern or is the result of chance or differences between the two groups of women is still being determined. For example, vaccinated women were more likely to have insurance or to have undergone in vitro fertilization.

"These are things we will continue to explore in future studies," Dr. Son said.

The study also showed that the two New York City hospitals vaccinated 35 percent of the pregnant women under their care, which is almost double the national average of 18 percent. "We had onsite availability of the RSV vaccine in most of our prenatal outpatient clinics, which we think increased vaccination rates," Dr. Son said.

However, the researchers identified some disparities in vaccination rates. Black women, women with public insurance and those who had fewer prenatal visits were less likely to be vaccinated.

"As we prepare for the next RSV vaccination season in September, we are going to speak with different communities to help understand what might cause vaccine hesitancy among women or create barriers to access," Dr. Son said. "We want to ensure that all who would benefit will receive the vaccine."
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Americans find hospital-at-home care appealing and safe, study suggests | ScienceDaily
Hospital-level care provided in a patient's own home is appealing to a majority of people for its convenience, comfort and effectiveness, according to a USC Schaeffer Center study.


						
The study, published in JAMA, found that most survey respondents felt they would recover faster if cared for at home, rather than in the hospital, and that they felt safe being treated at home.

Researchers say their study provides important insights about patient and family preferences as policymakers weigh whether to extend a pandemic-era program that allowed hospitals to provide care at home.

"Patients of course want the best-quality care, but often prefer to be at home, especially if technology allows them to work closely with their physician team toward recovery," says Melissa A. Frasco, research scientist at the Schaeffer Center.

The research also found that 82% of respondents felt comfortable with managing a patient's medications at home, and 67% reported willingness to provide more in-depth care such as wound care.

Hospital-level care can often be provided at home for many patients with acute conditions using remote patient-monitoring tools, daily in-person or telehealth visits by clinicians, and in-home infusions. Previous studies have shown that such care can reduce readmissions and lower costs compared with traditional hospital care.

The researchers used a sample of the Understanding America Study to survey about 1,100 respondents about their preferences. Responses showed that 47% agreed that hospital-at-home care was an acceptable alternative to inpatient care. Meanwhile, only about 17% felt negatively about hospital-at-home care's merits, while 36% were neutral on the issue. Further, 56% agreed -- including 21% who strongly agreed -- that people recover faster at home than in the hospital.

The Centers for Medicare & Medicaid Services (CMS) temporarily authorized at-home care services during the COVID-19 pandemic under the Acute Hospital Care at Home waiver. Congress extended the waiver through December 31, 2024, with a requirement that CMS comprehensively study care quality before it would approve reimbursements over the long term. Currently, 322 hospitals across 37 states have been approved to provide at-home care.

"Our findings offer valuable information for policymakers and health systems as they navigate a new landscape of post-pandemic patient care," says co-author Erin L. Duffy, director of research training at the Schaeffer Center. "Extending reimbursement for hospital-at-home care could go a long way toward reducing costs and improving outcomes, benefiting all parties involved."

Acceptability of hospital care at home did not vary across sociodemographics, health insurance coverage, health status, prior hospitalizations or telehealth use, the researchers found.
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        Dark matter in dwarf galaxy tracked using stellar motions
        The qualities and behavior of dark matter, the invisible 'glue' of the universe, continue to be shrouded in mystery. Though galaxies are mostly made of dark matter, understanding how it is distributed within a galaxy offers clues to what this substance is, and how it's relevant to a galaxy's evolution.

      

      
        High-speed electron camera uncovers a new 'light-twisting' behavior in an ultrathin material
        Using an instrument for ultrafast electron diffraction (MeV-UED), researchers discovered how an ultrathin material can circularly polarize light. This discovery sets up a promising approach to manipulate light for applications in optoelectronic devices.

      

      
        Nanoparticle vaccines enhance cross-protection against influenza viruses
        To offer cross-protection against diverse influenza virus variants, nanoparticle vaccines can produce pivotal cellular and mucosal immune responses that enhance vaccine efficacy and broaden protection, according to a new study.

      

      
        Mars likely had cold and icy past, new study finds
        The question of whether Mars ever supported life has captivated the imagination of scientists and the public for decades. Central to the discovery is gaining insight into the past climate of Earth's neighbor: was the planet warm and wet, with seas and rivers much like those found on our own planet? Or was it frigid and icy, and therefore potentially less prone to supporting life as we know it? A new study finds evidence to support the latter by identifying similarities between soils found on Mars...

      

      
        A new twist on artificial 'muscles' for safer, softer robots
        Engineers have developed a new soft, flexible device that makes robots move by expanding and contracting -- just like a human muscle. To demonstrate their new device, called an actuator, the researchers used it to create a cylindrical, worm-like soft robot and an artificial bicep. In experiments, the cylindrical soft robot navigated the tight, hairpin curves of a narrow pipe-like environment, and the bicep was able to lift a 500-gram weight 5,000 times in a row without failing.

      

      
        Greater focus needed on how existing international law can prevent the increasing militarization of outer space
        There is a pressing need for countries and international organizations to understand better how existing international law can help them address serious concerns about the militarization of outer space, a new study says.

      

      
        Atlas of proteins reveals inner workings of cells
        Researchers discover how proteins behave inside cells using AI, which has the potential to guide drug design.

      

      
        A breakthrough on the edge: One step closer to topological quantum computing
        Researchers have achieved a significant breakthrough in quantum materials, potentially setting the stage for advancements in topological superconductivity and robust quantum computing.

      

      
        Researchers customize AI tools for digital pathology
        Scientists developed and tested new artificial intelligence (AI) tools tailored to digital pathology--a rapidly growing field that uses high-resolution digital images created from tissue samples to help diagnose disease and guide treatment.

      

      
        Young people believe that artificial intelligence is a valuable tool for healthcare
        Children and young people are generally positive about artificial intelligence (AI) and think it should be used in modern healthcare.

      

      
        The origins of dark comets
        Up to 60% of near-Earth objects could be dark comets, mysterious asteroids that orbit the sun in our solar system that likely contain or previously contained ice and could have been one route for delivering water to Earth, according to a new study.

      

      
        Strong evidence for intermediate-mass black hole in Omega Centauri
        Most known black holes are either extremely massive, like the supermassive black holes that lie at the cores of large galaxies, or relatively lightweight, with a mass of under 100 times that of the Sun. Intermediate-mass black holes (IMBHs) are scarce, however, and are considered rare 'missing links' in black hole evolution.

      

      
        BESSY II shows how solid-state batteries degrade
        Solid-state batteries have several advantages: they can store more energy and are safer than batteries with liquid electrolytes. However, they do not last as long and their capacity decreases with each charge cycle. But it doesn't have to stay that way: Researchers are already on the trail of the causes.

      

      
        Researchers show promising material for solar energy gets its curious boost from entropy
        Researchers discovered a microscopic mechanism that solves in part the outstanding performance achieved by a new class of organic semiconductors known as non-fullerene acceptors (NFAs).

      

      
        Could high-temperature single crystals enable electric vehicles capable of traveling up to one million kilometers?
        Researchers unveil a microstructure design guide to enhance the durability of lithium secondary batteries.

      

      
        Found with Webb: A potentially habitable icy world
        A international team of astronomers has made an exciting discovery about the temperate exoplanet LHS 1140 b: it could be a promising 'super-Earth' covered in ice or water.

      

      
        Researchers examine economic effects on technological advancements of blue hydrogen production
        Experience from the deployment of blue hydrogen projects will be helpful in lowering future costs of hydrogen production and will remain cost competitive. Additionally, paired with extended tax incentives for carbon sequestration, costs could be significantly reduced further.

      

      
        Researchers introduce generative AI for databases
        Researchers have developed an easy-to-use tool that enables someone to perform complicated statistical analyses on tabular data using just a few keystrokes. Their method combines probabilistic AI models with the programming language SQL to provide faster and more accurate results than other methods.

      

      
        Moving from the visible to the infrared: Developing high quality nanocrystals
        Awarded the 2023 Nobel Prize in Chemistry, quantum dots have a wide variety of applications ranging from displays and LED lights to chemical reaction catalysis and bioimaging. These semiconductor nanocrystals are so small -- on the order of nanometers -- that their properties, such as color, are size dependent, and they start to exhibit quantum properties. This technology has been really well developed, but only in the visible spectrum, leaving untapped opportunities for technologies in both the ...

      

      
        Implantable LED device uses light to treat deep-seated cancers
        Certain types of light have proven to be an effective, minimally invasive treatment for cancers located on or near the skin when combined with a light-activated drug. But deep-seated cancers have been beyond the reach of light's therapeutic effects. To change this, engineers and scientists have devised a wireless LED device that can be implanted. This device, when combined with a light-sensitive dye, not only destroys cancer cells, but also mobilizes the immune system's cancer-targeting response.

      

      
        Building materials for water-rich planets in the early solar system
        Age data for certain classes of meteorite have made it possible to gain new findings on the origin of small water-rich astronomical bodies in the early solar system. These planetesimals continually supplied building materials for planets -- also for the Earth, whose original material contained little water. The Earth received its actual water through planetesimals, which emerged at low temperatures in the outer solar system, as shown by computational models carried out by an international researc...

      

      
        Pinpointing coal plants to convert to nuclear energy, considering both practicality and community support
        An assessment ranks the feasibility of converting 245 operational coal power plants in the U.S. into advanced nuclear reactors, providing valuable insights for policymakers and utilities to meet decarbonization goals, according to a new study.

      

      
        How a plant app helps identify the consequences of climate change
        A research team has developed an algorithm that analyses observational data from a plant identification app. The novel approach can be used to derive ecological patterns that could provide valuable information about the effects of climate change on plants.

      

      
        Mining rare earth metals from electronic waste
        A small molecule that naturally serves as a binding site for metals in enzymes also proves useful for separating certain rare earth metals from each other. In a proof of concept, the process extracts europium directly from fluorescent powder in used energy-saving lamps in much higher quantities than existing methods. The researchers are now working on expanding their approach to other rare earth metals. They are in the process of founding a start-up to put the recycling of these raw materials int...

      

      
        Trust, more than knowledge, critical for acceptance of fully autonomous vehicles
        While not yet on the market, fully autonomous vehicles are promoted as a way to make road travel dramatically safer, but a recent study found that knowing more about them did not improve people's perception of their risk. They needed to have more trust in them too. This study adds to the evidence from other research that knowledge alone is not enough to sway people's attitudes toward complex technology and science, such as gene editing or climate change. In this case, researchers found that trust...

      

      
        Key electronic device developed for the massive arrival of 6G networks
        Researchers were involved in the development of a switch, an essential device in telecommunications, capable of operating at very high frequency with lower power consumption than conventional technologies. The technology has applications in the new 6G mass communication systems and is more sustainable in terms of energy consumption than current devices.

      

      
        Detecting defects in tomorrow's technology
        New research offers an enhanced understanding of common defects in transition-metal dichalcogenides (TMDs) -- a potential replacement for silicon in computer chips -- and lays the foundation for etching smaller features.

      

      
        Researchers fabricate ultrastrong aluminum alloys for additive manufacturing
        Material engineers have created a patent-pending process to develop ultrahigh-strength aluminum alloys that are suitable for additive manufacturing because of their plastic deformability. They have produced the alloys by using several transition metals that traditionally have been largely avoided in the manufacture of aluminum alloys.

      

      
        It takes a cool microscope and antifreeze to really look at ice
        Ice in nature is surrounded by liquid most of the time, and therefore it is key to understand how ice and liquid interact. A new study has now directly observe the precise shape of ice at the interface between ice and liquid -- by using antifreeze and a refrigerated microscope.

      

      
        Engine wear risk as planes swallow more dust waiting to land
        Planes flying into one of the world's busiest airports are ingesting around 10kg of dust per 1,000 flights.

      

      
        Diagnosing different forms of dementia now possible using artificial intelligence
        Ten million new cases of dementia are diagnosed each year but the presence of different dementia forms and overlapping symptoms can complicate diagnosis and delivery of effective treatments. Now researchers have developed an AI tool that can diagnose ten different types of dementia such as vascular dementia, Lewy body dementia, and frontotemporal dementia, even if they co-occur.

      

      
        Study projects major changes in North Atlantic and Arctic marine ecosystems due to climate change
        New research predicts significant shifts in marine fish communities in the North Atlantic and Arctic Oceans as a result of climate warming.

      

      
        Chemistry inspired by one-pot cooking
        Is it possible to create a new class of materials from very different substances using the 'one-pot synthesis' approach? Chemists explain how they enable the synthesis of such novel materials.

      

      
        Researcher finds lithium ion batteries a growing source of pollution
        The use of certain substances in batteries is polluting air and water.

      

      
        Stench of a gas giant? Nearby exoplanet reeks of rotten eggs, and that's a good thing
        An exoplanet infamous for its deadly weather has been hiding another bizarre feature -- it reeks of rotten eggs, according to a new study of data from the James Webb Space Telescope.

      

      
        Employees prefer human performance monitors over AI, study finds
        Organizations using AI to monitor employees' behavior and productivity can expect them to complain more, be less productive and want to quit more -- unless the technology can be framed as supporting their development, research finds.

      

      
        New extremely fast carbon storage technology
        A new way to store carbon captured from the atmosphere works much faster than current methods without the harmful chemical accelerants they require.

      

      
        Innovative, highly accurate AI model can estimate lung function just by using chest x-rays
        An artificial intelligence (AI) model that can estimate with high accuracy a person's lung function just by using a chest radiograph has been successfully developed.

      

      
        New bio-based tool quickly detects concerning coronavirus variants
        Researchers have developed a bioelectric device that can detect and classify new variants of coronavirus to identify those that are most harmful. It has the potential to do the same with other viruses, as well.

      

      
        Hexagonal perovskite oxides: Electrolytes for next-generation protonic ceramic fuel cells
        Researchers have identified hexagonal perovskite-related oxides as materials with exceptionally high proton conductivity and thermal stability. Their unique crystal structure and large number of oxygen vacancies enable full hydration and high proton diffusion, making these materials ideal candidates as electrolytes for next-generation protonic ceramic fuel cells that can operate at intermediate temperatures without degradation.

      

      
        Visualizing short-lived intermediate compounds produced during chemical reactions
        Immobilizing small synthetic molecules inside protein crystals proves to be a promising avenue for studying intermediate compounds formed during chemical reactions, scientists report. By integrating this method with time-resolved serial femtosecond crystallography, they successfully visualized reaction dynamics and rapid structural changes occurring within reaction centers immobilized inside protein crystals. This innovative strategy holds significant potential for the intelligent design of drugs...

      

      
        Ionic liquids: 'Don't shake it'
        Chemists have develop innovative ionic liquid synthesis and purification technology.

      

      
        Fresh wind blows from historical supernova
        A mysterious remnant from a rare type of supernova recorded in 1181 has been explained for the first time. Two white dwarf stars collided, creating a temporary 'guest star,' now labeled supernova (SN) 1181, which was recorded in historical documents in Japan and elsewhere in Asia. However, after the star dimmed, its location and structure remained a mystery until a team pinpointed its location in 2021. Now, through computer modeling and observational analysis, researchers have recreated the struc...

      

      
        Engineers find a way to protect microbes from extreme conditions
        Researchers have now developed a new way to make microbes hardy enough to withstand extreme conditions such as heat and the manufacturing processes used to formulate the microbes into powders or pills for long-term storage.

      

      
        Innovative battery design: More energy and less environmental impact
        A new electrolyte design for lithium metal batteries could significantly boost the range of electric vehicles. Researchers have radically reduced the amount of environmentally harmful fluorine required to stabilize these batteries.

      

      
        A 2D device for quantum cooling
        Engineers have created a device that can efficiently convert heat into electrical voltage at temperatures lower than that of outer space. The innovation could help overcome a significant obstacle to the advancement of quantum computing technologies, which require extremely low temperatures to function optimally.
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Dark matter in dwarf galaxy tracked using stellar motions | ScienceDaily
The qualities and behavior of dark matter, the invisible "glue" of the universe, continue to be shrouded in mystery. Though galaxies are mostly made of dark matter, understanding how it is distributed within a galaxy offers clues to what this substance is, and how it's relevant to a galaxy's evolution.


						
While computer simulations suggest dark matter should pile up in a galaxy's center, called a density cusp, many previous telescopic observations have indicated that it is instead more evenly dispersed throughout a galaxy. The reason for this tension between model and observation continues to puzzle astronomers, reinforcing the mystery of dark matter.

A team of astronomers has turned toward NASA's Hubble Space Telescope to try and clarify this debate by measuring the dynamic motions of stars within the Draco dwarf galaxy, a system located roughly 250,000 light-years from Earth. Using observations that spanned 18 years, they succeeded in building the most accurate three-dimensional understanding of stars' movements within the diminutive galaxy. This required scouring nearly two decades of Hubble archival observations of the Draco galaxy.

"Our models tend to agree more with a cusp-like structure, which aligns with cosmological models," said Eduardo Vitral of the Space Telescope Science Institute (STScI) in Baltimore and lead author of the study. "While we cannot definitively say all galaxies contain a cusp-like dark matter distribution, it's exciting to have such well measured data that surpasses anything we've had before."

Charting the Movements of Stars

To learn about dark matter within a galaxy, scientists can look to its stars and their movements that are dominated by the pull of dark matter. A common approach to measure the speed of objects moving in space is by the Doppler Effect -- an observed change of the wavelength of light if a star is approaching or receding from Earth. Although this line-of-sight velocity can provide valuable insight, only so much can be gleaned from this one-dimensional source of information.

Besides moving closer or further away from us, stars also move across the sky, measured as their proper motion. By combining line-of-sight velocity with proper motions, the team created an unprecedented analysis of the stars' 3D movements.




"Improvements in data and improvements in modeling usually go hand in hand," explained Roeland van der Marel of STScI, a co-author of the paper who initiated the study more than 10 years ago. "If you don't have very sophisticated data or only one-dimensional data, then relatively straightforward models can often fit. The more dimensions and complexity of data you gather, the more complex your models need to be to truly capture all the subtleties of the data."

A Scientific Marathon (Not a Sprint)

Since dwarf galaxies are known to have a higher proportion of dark matter content than other types of galaxies, the team honed in on the Draco dwarf galaxy, which is a relatively small and spheroidal nearby satellite of the Milky Way galaxy.

"When measuring proper motions, you note the position of a star at one epoch and then many years later measure the position of that same star. You measure the displacement to determine how much it moved," explained Sangmo Tony Sohn of STScI, another co-author of the paper and the principal investigator of the latest observational program. "For this kind of observation, the longer you wait, the better you can measure the stars shifting."

The team analyzed a series of epochs spanning from 2004 to 2022, an extensive baseline that only Hubble could offer, due to the combination of its sharp stable vision and record time in operation. The telescope's rich data archive helped decrease the level of uncertainty in the measurement of the stars' proper motions. The precision is equivalent to measuring an annual shift a little less than the width of a golf ball as seen on the Moon from Earth.

With three dimensions of data, the team reduced the amount of assumptions applied in previous studies and considered characteristics specific to the galaxy -- such as its rotation, and distribution of its stars and dark matter -- in their own modeling efforts.




An Exciting Future

The methodologies and models developed for the Draco dwarf galaxy can be applied to other galaxies in the future. The team is already analyzing Hubble observations of the Sculptor dwarf galaxy and the Ursa Minor dwarf galaxy.

Studying dark matter requires observing different galactic environments, and also entails collaboration across different space telescope missions. For example, NASA's upcoming Nancy Grace Roman Space Telescope will help reveal new details of dark matter's properties among different galaxies thanks to its ability to survey large swaths of the sky.

"This kind of study is a long-term investment and requires a lot of patience," reflected Vitral. "We're able to do this science because of all the planning that was done throughout the years to actually gather these data. The insights we've collected are the result of a larger group of researchers that has been working on these things for many years."

These results are accepted for publication in The Astrophysical Journal.

The Hubble Space Telescope has been operating for over three decades and continues to make ground-breaking discoveries that shape our fundamental understanding of the universe. Hubble is a project of international cooperation between NASA and ESA (European Space Agency). NASA's Goddard Space Flight Center in Greenbelt, Maryland, manages the telescope and mission operations. Lockheed Martin Space, based in Denver, Colorado, also supports mission operations at Goddard. The Space Telescope Science Institute (STScI) in Baltimore, Maryland, which is operated by the Association of Universities for Research in Astronomy, conducts Hubble science operations for NASA.
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High-speed electron camera uncovers a new 'light-twisting' behavior in an ultrathin material | ScienceDaily
Using SLAC's instrument for ultrafast electron diffraction (MeV-UED), one of the lab's world-leading tools for ultrafast science, researchers discovered how an ultrathin material can circularly polarize light. This discovery sets up a promising approach to manipulate light for applications in optoelectronic devices.


						
While taking snapshots with the high-speed "electron camera" at the Department of Energy's SLAC National Acceleratory Laboratory, researchers discovered new behavior in an ultrathin material that offers a promising approach to manipulating light that will be useful for devices that detect, control or emit light, collectively known as optoelectronic devices, and investigating how light is polarized within a material. Optoelectronic devices are used in many technologies that touch our daily lives, including light-emitting diodes (LEDs), optical fibers and medical imaging.

As reported in Nano Letters, the team, led by SLAC and Stanford professor Aaron Lindenberg, found that when oriented in a specific direction and subjected to linear terahertz radiation, an ultrathin film of tungsten ditelluride, which has desirable properties for polarizing light used in optical devices, circularly polarizes the incoming light.

Terahertz radiation lies between the microwave and the infrared regions in the electromagnetic spectrum and enables novel ways of both characterizing and controlling the properties of materials. Scientists would like to figure out a way to harness that light for the development of future optoelectronic devices.

Capturing a material's behavior under terahertz light requires an advanced instrument capable of recording the interactions at ultrafast speeds, and SLAC's world-leading instrument for ultrafast electron diffraction (MeV-UED) at the Linac Coherent Light Source (LCLS) can do just that. Whereas the MeV-UED is normally used to visualize the motion of atoms by measuring how they scatter electrons after hitting a sample with an electron beam, this new work used the femtosecond electron pulses to visualize the electric and magnetic fields of the incoming terahertz pulses, which caused the electrons to wiggle back and forth. In the study, circular polarization was indicated by images of the electrons that showed a circular pattern rather than a straight line.

The ultrathin material was a mere 50 nanometers thick. "This is 1,000 to 10,000 times thinner than what we typically need to induce this type of response," said Lindenberg.

Researchers are excited about using these ultrathin materials, known as two-dimensional (2D) materials, to make optoelectronic devices smaller and capable of more functions. They envision creating devices from layers of 2D structures, like stacking Legos, Lindenberg said. Each 2D structure would be composed of a different material, precisely aligned to generate a specific type of optical response. These different structures and functionalities can be combined into compact devices that could find potential applications -- for example, in medical imaging or other types of optoelectronic devices.

"This work represents another element in our toolbox for manipulating terahertz light fields, which in turn could allow for new ways to control materials and devices in interesting ways," said Lindenberg.

The study was supported by the DOE Office of Science and used resources of the National Energy Research Scientific Computing Center (NERSC). LCLS and NERSC are DOE Office of Science user facilities.
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Nanoparticle vaccines enhance cross-protection against influenza viruses | ScienceDaily
To offer cross-protection against diverse influenza virus variants, nanoparticle vaccines can produce pivotal cellular and mucosal immune responses that enhance vaccine efficacy and broaden protection, according to a study by researchers in the Institute for Biomedical Sciences at Georgia State University.


						
The study, published in the journal Nature Communications,offers valuable insights into tailoring immunization strategies to optimize influenza vaccine effectiveness. To alleviate the significant public health burden of influenza epidemics and occasional pandemics, it's essential to enhance influenza vaccine cross-protection, according to the authors.

While the Centers for Disease Control and Prevention (CDC) recommends annual influenza vaccination, current seasonal influenza vaccines typically provide strain-specific and short-lived immunity. Seasonal influenza vaccines offer limited cross-protection against antigenically diverse virus variants and provide no defense against sporadic influenza pandemics, the authors explained.

"Developing effective influenza vaccines or vaccination strategies that can confer cross-protection against variant influenza viruses is a high priority to mitigate the public health consequences of influenza," said Dr. Chunhong Dong, first author of the study and a postdoctoral fellow in the Institute for Biomedical Sciences at Georgia State.

In the study, the researchers investigated the effects of immunization strategies on the generation of cross-protective immune responses in female mice using mRNA lipid nanoparticle (LNP) and protein-based polyethyleneimine-HA/CpG (PHC) nanoparticle vaccines targeting influenza hemagglutinin. The mice were immunized with either intramuscular mRNA LNP or intranasal PHC vaccines in a typical prime-plus-boost regimen. A variety of sequential immunization strategies were included in this study for parallel comparison.

"We demonstrated that cellular and mucosal immune responses are pivotal correlates of cross-protection against influenza," said Dr. Baozhong Wang, senior author of the study and a Distinguished University Professor in the Institute for Biomedical Sciences at Georgia State. "Notably, intranasal PHC immunization outperforms its intramuscular counterpart in inducing mucosal immunity and conferring cross-protection. Sequential mRNA LNP prime and intranasal PHC boost demonstrated optimal cross-protection against antigenically drifted and shifted influenza strains."

The study highlights the importance of immunization orders and indicates that in a sequential immunization, an mRNA vaccine priming plays an important role in steering the Th1/Th2 immune responses. Also, the intranasal PHC boost is crucial to the induction of mucosal immunity, Wang said.

Additional authors of the study include Wandi Zhu, Lai Wei, Joo Kyung Kim, Yao Ma and Sang-Moo Kang of the Institute for Biomedical Sciences at Georgia State.

The study is funded by the National Institutes of Health (NIH)/National Institute of Allergy and Infectious Diseases (NIAID).
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Mars likely had cold and icy past, new study finds | ScienceDaily
The question of whether Mars ever supported life has captivated the imagination of scientists and the public for decades. Central to the discovery is gaining insight into the past climate of Earth's neighbor: was the planet warm and wet, with seas and rivers much like those found on our own planet? Or was it frigid and icy, and therefore potentially less prone to supporting life as we know it? A new study finds evidence to support the latter by identifying similarities between soils found on Mars and those of Canada's Newfoundland, a cold subarctic climate.


						
The study, published July 7th in Communications Earth and Environment, looked for soils on Earth with comparable materials to Mars' Gale Crater. Scientists often use soil to depict environmental history, as the minerals present can tell the story of landscape evolution through time. Understanding more about how these materials formed could help answer long-standing questions about historical conditions on the red planet. The soils and rocks of Gale Crater provide a record of Mars' climate between 3 and 4 billion years ago, during a time of relatively abundant water on the planet -- and the same time period that saw life first appear on Earth.

"Gale Crater is a paleo lakebed -- there was obviously water present. But what were the environmental conditions when the water was there?" says Anthony Feldman, a soil scientist and geomorphologist now at DRI. "We're never going to find a direct analog to the Martian surface, because conditions are so different between Mars and Earth. But we can look at trends under terrestrial conditions and use those to try to extrapolate to Martian questions."

NASA's Curiosity Rover has been investigating Gale Crater since 2011, and has found a plethora of soil materials known as "X-ray amorphous material." These components of the soil lack the typical repeating atomic structure that defines minerals, and therefore can't be easily characterized using traditional techniques like X-ray diffraction. When X-rays are shot at crystalline materials like a diamond, for example, the X-rays scatter at characteristic angles based on the mineral's internal structure. However, X-ray amorphous material does not produce these characteristic "fingerprints." This X-ray diffraction method was used by the Curiosity Rover to demonstrate that X-ray amorphous material comprised between 15 and 73% of the soil and rock samples tested in Gale Crater.

"You can think of X-Ray amorphous materials like Jello," Feldman says. "It's this soup of different elements and chemicals that just slide past each other."

The Curiosity Rover also conducted chemical analyses on the soil and rock samples, finding that the amorphous material was rich in iron and silica but deficient in aluminum. Beyond the limited chemical information, scientists don't yet understand what the amorphous material is, or what its presence implies about Mars' historical environment. Uncovering more information about how these enigmatic materials form and persist on Earth could help answer persistent questions about the red planet.

Feldman and his colleagues visited three locations in search of similar X-ray amorphous material: the Tablelands of Gros Morne National Park in Newfoundland, Northern California's Klamath Mountains, and western Nevada. These three sites had serpentine soils that the researchers expected to be chemically similar to the X-ray amorphous material at Gale Crater: rich in iron and silicon but lacking in aluminum. The three locations also provided a range of rainfall, snowfall, and temperature that could help provide insight into the type of environmental conditions that produce amorphous material and encourage its preservation.




At each site, the research team examined the soils using X-ray diffraction analysis and transmission electron microscopy, which allowed them to see the soil materials at a more detailed level. The subarctic conditions of Newfoundland produced materials chemically similar to those found in Gale Crater that also lacked in crystalline structure. The soils produced in warmer climates like California and Nevada did not.

"This shows that you need the water there in order to form these materials," Feldman says. "But it needs to be cold, near-freezing mean annual temperature conditions in order to preserve the amorphous material in the soils."

Amorphous material is often considered to be relatively unstable, meaning that at an atomic level, the atoms haven't yet organized into their final, more crystalline forms. "There's something going on in the kinetics -- or the rate of reaction -- that is slowing it down so that these materials can be preserved over geologic time scales," Feldman says. "What we're suggesting is that very cold, close to freezing conditions, is one particular kinetic limiting factor that allows for these materials to form and be preserved."

"This study improves our understanding of the climate of Mars," Feldman says. "The results suggest that the abundance of this material in Gale Crater is consistent with subarctic conditions, similar to what we would see in, for instance, Iceland."
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A new twist on artificial 'muscles' for safer, softer robots | ScienceDaily
Northwestern University engineers have developed a new soft, flexible device that makes robots move by expanding and contracting -- just like a human muscle.


						
To demonstrate their new device, called an actuator, the researchers used it to create a cylindrical, worm-like soft robot and an artificial bicep. In experiments, the cylindrical soft robot navigated the tight, hairpin curves of a narrow pipe-like environment, and the bicep was able to lift a 500-gram weight 5,000 times in a row without failing.

Because the researchers 3D-printed the body of the soft actuator using a common rubber, the resulting robots cost about $3 in materials, excluding the small motor that drives the actuator's shape change. That sharply contrasts typical stiff, rigid actuators used in robotics, which often cost hundreds to thousands of dollars.

The new actuator could be used to develop inexpensive, soft, flexible robots, which are safer and more practical for real-world applications, researchers said.

The research was published Monday (July 8) in the journal Advanced Intelligent Systems.

"Roboticists have been motivated by a long-standing goal to make robots safer," said Northwestern's Ryan Truby, who led the study. "If a soft robot hit a person, it would not hurt nearly as much as getting hit with a rigid, hard robot. Our actuator could be used in robots that are more practical for human-centric environments. And, because they are inexpensive, we potentially could use more of them in ways that, historically, have been too cost prohibitive."

Truby is the June and Donald Brewer Junior Professor of Materials Science and Engineering and Mechanical Engineering at Northwestern's McCormick School of Engineering, where he directs The Robotic Matter Lab. Taekyoung Kim, a postdoctoral scholar in Truby's lab and first author on the paper, led the research. Pranav Kaarthik, a Ph.D. candidate in mechanical engineering, also contributed to the work.




Robots that 'behave and move like living organisms'

While rigid actuators have long been the cornerstone of robot design, their limited flexibility, adaptability and safety have driven roboticists to explore soft actuators as an alternative. To design soft actuators, Truby and his team take inspiration from human muscles, which contract and stiffen simultaneously.

"How do you make materials that can move like a muscle?" Truby asked. "If we can do that, then we can make robots that behave and move like living organisms."

To develop the new actuator, the team 3D-printed cylindrical structures called "handed shearing auxetics" (HSAs) out of rubber. Difficult to fabricate, HSAs embody a complex structure that enables unique movements and properties. For example, when twisted, HSAs extend and expand. Although Truby and Kaarthik 3D-printed similar HSA structures for robots in the past, they were bound to using expensive printers and rigid plastic resins. As a result, their previous HSAs could not bend or deform easily.

"For this to work, we needed to find a way to make HSAs softer and more durable," said Kim. "We figured out how to fabricate soft but robust HSAs from rubber using a cheaper and more easily available desktop 3D printer."

Kim printed the HSAs from thermoplastic polyurethane, a common rubber often used in cellphone cases. While this made the HSAs much softer and more flexible, one challenge remained: how to twist the HSAs to get them to extend and expand.




Previous versions of HSA soft actuators used common servo motors to twist the materials into extended and expanded states. But the researchers only achieved successful actuation after assembling two or four HSAs -- each with its own motor -- together. Building soft actuators in this way presented fabrication and operational challenges. It also reduced the softness of the HSA actuators.

To build an improved soft actuator, the researchers aimed to design a single HSA driven by one servo motor. But first, the team needed to find a way to make a single motor twist a single HSA.

Simplifying 'the entire pipeline'

To solve this problem, Kim added a soft, extendable, rubber bellows to the structure that performed like a deformable, rotating shaft. As the motor provided torque -- an action that causes an object to rotate -- the actuator extended. Simply turning the motor in one direction or the other drives the actuator to extend or contract.

"Essentially, Taekyoung engineered two rubber parts to create muscle-like movements with the turn of a motor," Truby said. "While the field has made soft actuators in more cumbersome ways, Taekyoung greatly simplified the entire pipeline with 3D printing. Now, we have a practical soft actuator that any roboticist can use and make."

The bellows added enough support for Kim to build a crawling soft robot from a single actuator that moved on its own. The pushing and pulling motions of the actuator propelled the robot forward through a winding, constrained environment simulating a pipe.

"Our robot can make this extension motion using a single structure," Kim said. "That makes our actuator more useful because it can be universally integrated into all types of robotic systems."

The missing piece: muscle stiffening

The resulting worm-like robot was compact (measuring just 26 centimeters in length) and crawled -- both backward and forward -- at a speed of just over 32 centimeters per minute. Truby noted that both the robot and artificial bicep become stiffer when the actuator is fully extended. This was yet another property that previous soft robots were unable to achieve.

"Like a muscle, these soft actuators actually stiffen," Truby said. "If you have ever twisted the lid off a jar, for example, you know your muscles tighten and get stiffer to transmit force. That's how your muscles help your body do work. This has been an overlooked feature in soft robotics. Many soft actuators get softer when in use, but our flexible actuators get stiffer as they operate."

Truby and Kim say their new actuator provides yet another step toward more bioinspired robots.

"Robots that can move like living organisms are going to enable us to think about robots performing tasks that conventional robots can't do," Truby said.

The study, "A flexible, architected soft robotic actuator for linear, servo-driven motion," was supported by Truby's Young Investigator Award from the Office of Naval Research and Northwestern's Center for Engineering and Sustainability Resilience.
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Greater focus needed on how existing international law can prevent the increasing militarization of outer space | ScienceDaily
There is a pressing need for countries and international organisations to understand better how existing international law can help them address serious concerns about the militarisation of outer space, a new study says.


						
Space is an increasingly militarized domain, with the potential to be a source and place of armed conflict. Nations are testing anti-satellite ('ASAT') weapons and satellites are potentially attractive targets during armed conflict.

The new study, by Dr Chris O'Meara from the University of Exeter Law School, examines how the jus ad bellum, which is a body of law that regulates when states may lawfully use force, applies to ASAT weapons and to the right of states to use them in space. The study argues that jus ad bellum regulation of ASAT technologies addresses state concerns regarding protecting satellites and other space assets and avoiding conflict in space. It says a clearer understanding of this body of law will help decision makers and military planners avoid lawful acts of self-defence being characterized as unlawful.

Dr O'Meara said: "Space is increasingly important, militarised, and congested. States and international organisations like NATO and the UN are trying to work out how legal rules apply to space and what should happen if there's conflict in that domain. This is not fantastical Star Wars territory; it is a necessary response to real concerns about future conflict in space. Countries are putting military weapons into space and this potential threat will continue into the future."

"For now, it is clear we are not going to get a new weapons control treaty to respond to the fears of wars in space, so we will have to rely on existing rules from the UN Charter and customary international law and to think about how these existing rules apply above Earth. So far, there has been relatively little focus on the jus ad bellum, but my view is that we do have this existing toolkit, a body of law which applies and which sets out standards of conduct, but we need to better understand how it works in space. A better appreciation of the law is a big part of the answer."

"In the absence of a multilateral ASAT weapons control treaty, the jus ad bellum, alongside international humanitarian law, must be regarded as an essential part of the international law framework limiting their use."

"A clearer understanding of jus ad bellum requirements could directly address pressing international concerns regarding the weaponization of space and the fear of wars between states in that domain."

The study says adherence to jus ad bellum helps to avoid conflict and the escalation of conflict in space and has the potential to limit ASAT weapon deployment. Compliance underpins international peace and security and safeguards space for peaceful purposes and ensuring its valuable resources continue to benefit all humankind.
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Atlas of proteins reveals inner workings of cells | ScienceDaily
Scientists at the University of Cambridge have developed an atlas of proteins describing how they behave inside human cells. This tool could be used to search for the origins of diseases which are related to proteins misbehaving such as dementia and many cancers.


						
The atlas, which is published in Nature Communications, has allowed the researchers to find new proteins inside cells that are responsible for a range of important bodily functions. The team focuses on a droplet-like part of the cell called a condensate which is a meeting hub for proteins to go and organise themselves. These hubs are also key sites where disease processes start.

The predictions are available with the paper so researchers around the globe can explore their protein targets of interest and any surrounding condensate systems.

"This model has allowed us to discover new components in membraneless compartments in biology as well as discover new principles underlying their function." said Professor Tuomas Knowles, who led this research.

Protein condensates

Cells are made of carefully organised molecules and one method they use to organise themselves is by meeting inside a condensate. This hub is microscopic and found inside a cell. These condensates are part of the essential machinery that makes living cells work.

"To date we have not had a comprehensive map of which proteins go together into which condensates, but in our work we provide a first such atlas," said Knowles.




Using AI

The rules directing proteins inside cells are not completely understood so the team decided to build this atlas to predict which proteins meet inside condensates.

"What motivated this research was the desire to understand the full complexity of protein condensates and to go a layer deeper than what scientists have researched so far," said Dr Kadi Liis Saar, first author on this research and a postdoctoral fellow at the Centre for Misfolding Diseases.

The researchers used large databases, such as StringDB and BioGRID, which contain data on many aspects of cells, along with more in-depth case studies about individual condensates.

The power of AI lets scientists combine these data even though the information is complex, vast, and difficult to compare. Where previous work focussed on a handful of proteins, the atlas can characterise the full landscape of a cell.

"With this atlas we can make predictions about every single protein in a cell, where exactly it would be found and what sorts of other proteins it interacts with," commented Saar. "We hope that this generates opportunities for researchers and opens up new possibilities for intervention in diseases associated with aberrant condensate formation."

Protein discoveries




The AI found proteins present in the model cell that had never been observed before. If these proteins are now found in a lab then this is a good indicator that the AI is accurate.

"In our study, we discovered proteins within condensates that have never been seen there before. These proteins are involved in important functions in the body, such as the distribution of fat, the creation of actin inside cells, and the creation of new proteins. These proteins were not detected in the previous study that we used as our training set.

"We hope these data will enable new discoveries about the biological roles of condensates as well as the biophysical drivers behind condensate formation."
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A breakthrough on the edge: One step closer to topological quantum computing | ScienceDaily
Researchers at the University of Cologne have achieved a significant breakthrough in quantum materials, potentially setting the stage for advancements in topological superconductivity and robust quantum computing / publication in Nature Physics.


						
A team of experimental physicists led by the University of Cologne have shown that it is possible to create superconducting effects in special materials known for their unique edge-only electrical properties. This discovery provides a new way to explore advanced quantum states that could be crucial for developing stable and efficient quantum computers. Their study, titled 'Induced superconducting correlations in a quantum anomalous Hall insulator', has been published in Nature Physics.

Superconductivity is a phenomenon where electricity flows without resistance in certain materials. The quantum anomalous Hall effect is another phenomenon that also causes zero resistance, but with a twist: it is confined to the edges rather than spreading throughout. Theory predicts that a combination of superconductivity and the quantum anomalous Hall effect will give rise to topologically-protected particles called Majorana fermions that will potentially revolutionize future technologies such as quantum computers. Such a combination can be achieved by inducing superconductivity in the edge of a quantum anomalous Hall insulator that is already resistance-free. The resultant chiral Majorana edge state, which is a special type of Majorana fermions, is a key to realizing 'flying qubits' (or quantum bits) that are topologically protected.

Anjana Uday, a final-year doctoral researcher in the group of Professor Dr Yoichi Ando and the first author of the paper, explained, "For this study we used thin films of the quantum anomalous Hall insulator contacted by a superconducting Niobium electrode and tried to induce chiral Majorana states at its edges. After five years of hard work we were finally able to achieve this goal: When we inject an electron into one terminal of the insulator material, it reflects at another terminal, not as an electron but as a hole, which is essentially a phantom of an electron with opposite charge. We call this phenomenon crossed Andreev reflection, and it enables us to detect the induced superconductivity in the topological edge state."

Gertjan Lippertz, a postdoctoral fellow in the Ando group and co-first author of the paper, added, "This experiment has been tried by many groups in the past ten years since the discovery of the quantum anomalous Hall effect, but no one has succeeded in it before. The key to our success is that the film deposition of the quantum anomalous Hall insulator, every step of device fabrication, as well as ultra-low-temperature measurements are all done in the same lab. This is not possible elsewhere."

To achieve these results, the Cologne group collaborated with colleagues at KU Leuven, the University of Basel as well as Forschungszentrum Julich. The latter contributed theory support within the joint Cluster of Excellence Matter and Light for Quantum Computing (ML4Q). "The Cluster has been instrumental in providing the collaborative framework and resources necessary for this breakthrough," elaborated Yoichi Ando, Professor of Experimental Physics at the University of Cologne and spokesperson of ML4Q.

This discovery opens up numerous avenues for future research. Next steps include experiments to directly confirm the emergence of chiral Majorana fermions and to elucidate their exotic nature. Understanding and harnessing topological superconductivity and chiral Majorana edge states could revolutionize quantum computing by providing stable qubits that are less susceptible to decoherence and loss of information. The platform demonstrated in this study offers a promising path towards achieving these goals, potentially leading to more robust and scalable quantum computers.
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Researchers customize AI tools for digital pathology | ScienceDaily
Scientists from Weill Cornell Medicine and the Dana-Farber Cancer Institute in Boston have developed and tested new artificial intelligence (AI) tools tailored to digital pathology -- a rapidly growing field that uses high-resolution digital images created from tissue samples to help diagnose disease and guide treatment.


						
Their paper, published in The Lancet Digital Health on July 9, demonstrates that ChatGPT, an AI language model developed to understand and generate text, can be tailored to provide accurate responses to questions about digital pathology and compile detailed results. The authors also found that ChatGPT can help pathologists without extensive coding experience use complex software that analyzes tissue samples, helping bridge the gap between pathology and digital pathology skills.

ChatGPT is a large language model (LLM), meaning it generates text on a wide range of topics using extensive amounts of data. "LLMs are good for general tasks, but they aren't the best tools for getting useful information for specialized fields," said the study's lead author Dr. Mohamed Omar, assistant professor of research in pathology and laboratory medicine and a member of the Division of Computational and Systems Pathology at Weill Cornell Medicine. Dr. Luigi Marchionni, associate professor in pathology and laboratory medicine and head of the Division of Computational and Systems Pathology, is also a co-author on this study.

To create AI tools that could increase the efficiency and accuracy needed for the nuanced decision-making necessary in digital pathology, corresponding author Dr. Renato Umeton, director of Artificial Intelligence Operations and Data Science Services, Informatics & Analytics Department at Dana-Farber, spearheaded the effort to customize ChatGPT.

Boosting AI Accuracy for Pathology

"General LLMs have two major problems. First, they often provide lengthy generic responses that don't contain useful information," Dr. Omar said. "Second, these models can hallucinate and make things up out of nowhere, including literature citations. This is especially bad in specialized fields like digital pathology and cancer biology, for example."

To address the glitches, Dr. Umeton started with a safe, private and secure ChatGPT version implemented at Dana-Farber Cancer Institute (GPT4DFCI). The researchers augmented GPT4DFCI with access to a comprehensive and curated database of the latest developments in digital pathology, consisting of 650 publications from 2022 onward, which added over 10,000 pages of literature.




"We could ask this new system to catch us up on many specific topics or techniques in digital pathology and get results in seconds, with a level of detail, depth and summarization that doesn't exist in current scientific literature tools or search engines," Dr. Umeton said.

They used a technique called retrieval-augmented generation (RAG), which enabled GPT4DFCI to access relevant documents or information from this specialized database and generate accurate responses to user prompts about digital pathology, but nothing outside of that realm.

Dr. Omar and his colleagues compared the responses from GTP4DFCI to those provided with the more general GPT-4 model. By requiring GTP4DFCI to provide links to the specific publications it used to generate responses, they determined that the answers were accurate and grounded. The refined model provided more precise and relevant answers than GPT-4 and did not hallucinate even once.

"My hope is that this will be a catalyst for more domain-specific tools in other fields of medicine or medical research," Dr. Omar said.

AI Provides a Helping Hand with Coding

The second AI program the team developed helps pathologists use PathML, a specialized software library that requires familiarity with the programming language Python for analyzing vast and complex histopathology image datasets. "Pathologists or scientists without prior coding experience often find PathML very challenging to use for image analysis tasks," said Dr. Omar.

The researchers integrated PathML with ChatGPT, allowing users to simply type in their questions about running histopathology analyses with PathML. The tool then provides step-by-step, accurate instructions on coding for their samples.

"Our research shows that, when combined with the proper information retrieval techniques, ChatGPT and safeguarded AI tools, like GPT4DFCI, can be extremely effective in supporting basic researchers," Dr. Umeton said. "These tools are helpful even across very complex topics that need extremely precise answers, like digital pathology."
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Young people believe that artificial intelligence is a valuable tool for healthcare | ScienceDaily
Children and young people are generally positive about artificial intelligence (AI) and think it should be used in modern healthcare, finds the first-of-its-kind survey led by UCL and Great Ormond Street Hospital (GOSH).


						
The national study asked children and young people aged six to 23 years old, across all four UK nations for their views on how they would like AI to be used to enhance their healthcare.

The team was led by Professor Susan Shelmerdine (UCL Great Ormond Street Institute of Child Health and GOSH) and Dr Lauren Lee, a Young Facilitator in the GOSH Young Persons' Advisory Group (YPAG) -- a group that works with GOSH to ensure young people's views are considered.

AI is becoming more available in modern healthcare, particularly in the field of radiology, where it can be used to analyse scans. But while the radiology community, including children's radiologists, are generally positive about AI use, little attention has been paid to how children and young adults feel about the use of AI on their own imaging data.

The results of the survey, which was co-developed with a steering committee of patients and carers from the GOSH YPAG and GOSH parents and Carer Advisory Group (PCAG) for research showed that children and young people are cautious, but generally positive about AI.

The survey results found that young people were keen for AI to be used in healthcare, particularly if it could improve their care and outcomes. However, they wanted the tools to be supervised by healthcare professionals as they feel there are elements of care such as empathy and ethical decision making, that AI cannot mimic and when faced between a human and computer they would be more willing to trust the human.

For specific questions asked about radiology, respondents felt that AI would be accurate at finding problems on bone X-rays and they didn't mind how long the results took, as long as they were as accurate as possible, and that the AI was used with a trusted doctor still in charge of their care.




The study's findings are already being incorporated into research based at GOSH, evaluating and developing AI tools to better detect and describe fractures from a large dataset of x-ray scans in children across Britain. The online survey was sent out to schools, universities and charity partners, encouraging children and young adults to respond over a one-year period.

Lead researcher, Professor Susan Shelmerdine (UCL Great Ormond Street Institute of Child Health and GOSH) and her team are hoping to develop AI tools that can create written reports direct from radiology images and allow patients to ask the AI questions about their imaging.

Professor Shelmerdine said: "The number of trained children's radiologists in the UK is relatively small, so tools like AI could help upskill our workforce to enable more equitable care for patients who don't have the option to visit specialist hospitals like GOSH.

"Nevertheless, we cannot assume that we know what children want. It was encouraging to see that when asked, children and young people were positive about the use of AI in their healthcare, but it was also important to understand what was important to them -- such as human oversight -- so that we can factor this into the development of new tools and treatments."

Study co-lead and Young Facilitator, Dr Lauren Lee of Epsom and St Helier University Hospitals NHS Trust, said: "There are a lot of discussions about how AI can help to facilitate healthcare. Until this study, no one has really asked the younger generation how we feel about it, especially as we will be growing up alongside AI developments.

"It has been great to be able to give young people a voice in this space."
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The origins of dark comets | ScienceDaily
Up to 60% of near-Earth objects could be dark comets, mysterious asteroids that orbit the sun in our solar system that likely contain or previously contained ice and could have been one route for delivering water to Earth, according to a University of Michigan study.


						
The findings suggest that asteroids in the asteroid belt, a region of the solar system roughly between Jupiter and Mars that contains much of the system's rocky asteroids, have subsurface ice, something that has been suspected since the 1980s, according to Aster Taylor, a U-M graduate student in astronomy and lead author of the study.

The study also shows a potential pathway for delivering ice into the near-Earth solar system, according to Taylor. How Earth got its water is a longstanding question.

"We don't know if these dark comets delivered water to Earth. We can't say that. But we can say that there is still debate over how exactly the Earth's water got here," Taylor said. "The work we've done has shown that this is another pathway to get ice from somewhere in the rest of the solar system to the Earth's environment."

The research further suggests that one large object may come from the Jupiter-family comets, comets whose orbits take them close to the planet Jupiter. The team's results are published in the journal Icarus.

Dark comets are a bit of a mystery because they combine characteristics of both asteroids and comets. Asteroids are rocky bodies with no ice that orbit closer to the sun, typically within what's called the ice line. This means they are close enough to the sun for any ice the asteroid may have been carrying to sublimate, or change from solid ice directly into gas.

Comets are icy bodies that show a fuzzy coma, a cloud that often surrounds a comet. Sublimating ice carries dust along with it, creating the cloud. Additionally, comets typically have slight accelerations propelled not by gravity, but by the sublimation of ice, called nongravitational accelerations.




The study examined seven dark comets and estimates that between 0.5 and 60% of all near-Earth objects could be dark comets, which do not have comae but do have nongravitational accelerations. The researchers also suggest that these dark comets likely come from the asteroid belt, and because these dark comets have nongravitational accelerations, the study findings suggest asteroids in the asteroid belt contain ice.

"We think these objects came from the inner and/or outer main asteroid belt, and the implication of that is that this is another mechanism for getting some ice into the inner solar system," Taylor said. "There may be more ice in the inner main belt than we thought. There may be more objects like this out there. This could be a significant fraction of the nearest population. We don't really know, but we have many more questions because of these findings."

In previous work, a team of researchers including Taylor identified nongravitational accelerations on a set of near-Earth objects, naming them "dark comets." They determined that the dark comets' nongravitational accelerations are likely the result of small amounts of sublimating ice.

In the current work, Taylor and their colleagues wanted to discover where the dark comets came from.

"Near-Earth objects don't stay on their current orbits very long because the near-Earth environment is messy," they said. "They only stay in the near-Earth environment for around 10 million years. Because the solar system is much older than that, that means near-Earth objects are coming from somewhere -- that we're constantly being fed near-Earth objects from another, much larger source."

To determine the origin of this dark comet population, Taylor and their coauthors created dynamical models that assigned nongravitational accelerations to objects from different populations. Then, they modeled a path these objects would follow given the assigned nongravitational accelerations over a period of 100,000 years. The researchers observed that many of these objects ended up where dark comets are today, and found that out of all potential sources, the main asteroid belt is the most likely place of origin.




One of the dark comets called 2003 RM, which passes in an elliptical orbit close to Earth, then out to Jupiter and back past Earth, follows the same path that would be expected from a Jupiter family comet, Taylor says -- that is, its position is consistent with a comet that was knocked inward from its orbit.

Meanwhile, the study finds that the rest of the dark comets likely came from the inner band of the asteroid belt. Since the dark comets likely have ice, this shows that ice are present in the inner main belt.

Then, the researchers applied a previously suggested theory to their population of dark comets to determine why the objects are so small and quickly rotating. Comets are rocky structures bound together by ice -- picture a dirty ice cube, Taylor says. Once they get bumped within the solar system's ice line, that ice starts to off gas. This causes the object's acceleration, but it can also cause the object to spin quite fast -- fast enough for the object to break apart.

"These pieces will also have ice on them, so they will also spin out faster and faster until they break into more pieces," Taylor said. "You can just keep doing this as you get smaller and smaller and smaller. What we suggest is that the way you get these small, fast rotating objects is you take a few bigger objects and break them into pieces."

As this happens, the objects continue to lose their ice, get even smaller, and rotate even more rapidly.

The researchers believe that while the larger dark comet, 2003 RM, was likely a larger object that got kicked out of the outer main belt of the asteroid belt, the six other objects they were examining likely came from the inner main belt and were made by an object that had gotten knocked inward and then broke apart.
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Strong evidence for intermediate-mass black hole in Omega Centauri | ScienceDaily
Most known black holes are either extremely massive, like the supermassive black holes that lie at the cores of large galaxies, or relatively lightweight, with a mass of under 100 times that of the Sun. Intermediate-mass black holes (IMBHs) are scarce, however, and are considered rare "missing links" in black hole evolution.


						
Now, an international team of astronomers has used more than 500 images from NASA's Hubble Space Telescope -- spanning two decades of observations -- to search for evidence of an intermediate-mass black hole by following the motion of seven fast-moving stars in the innermost region of the globular star cluster Omega Centauri.

These stars provide new compelling evidence for the presence of the gravitational pull from an intermediate-mass black hole tugging on them. Only a few other IMBH candidates have been found to date.

Omega Centauri consists of roughly 10 million stars that are gravitationally bound. The cluster is about 10 times as massive as other big globular clusters -- almost as massive as a small galaxy.

Among the many questions scientists want to answer: Are there any IMBHs, and if so, how common are they? Does a supermassive black hole grow from an IMBH? How do IMBHs themselves form? Are dense star clusters their favored home?

The astronomers have now created an enormous catalog for the motions of these stars, measuring the velocities for 1.4 million stars gleaned from the Hubble images of the cluster. Most of these observations were intended to calibrate Hubble's instruments rather than for scientific use, but they turned out to be an ideal database for the team's research efforts.

"We discovered seven stars that should not be there," explained Maximilian Haberle of the Max Planck Institute for Astronomy in Germany, who led this investigation. "They are moving so fast that they would escape the cluster and never come back. The most likely explanation is that a very massive object is gravitationally pulling on these stars and keeping them close to the center. The only object that can be so massive is a black hole, with a mass at least 8,200 times that of our Sun."

Several studies have suggested the presence of an IMBH in Omega Centauri. However, other studies proposed the mass could be contributed by a central cluster of stellar-mass black holes, and had suggested the lack of fast-moving stars above the necessary escape velocity made an IMBH less likely in comparison.




"This discovery is the most direct evidence so far of an IMBH in Omega Centauri," added team lead Nadine Neumayer of the Max Planck Institute for Astronomy in Germany, who initiated the study, together with Anil Seth from the University of Utah, Salt Lake City. "This is exciting because there are only very few other black holes known with a similar mass. The black hole in Omega Centauri may be the best example of an IMBH in our cosmic neighborhood."

If confirmed, at a distance of 17,700 light-years the candidate black hole resides closer to Earth than the 4.3-million-solar-mass black hole in the center of the Milky Way, located 26,000 light-years away.

Omega Centauri is visible from Earth with the naked eye and is one of the favorite celestial objects for stargazers living in the southern hemisphere. Located just above the plane of the Milky Way, the cluster appears almost as large as the full Moon when seen from a dark rural area. It was first listed in Ptolemy's catalog nearly 2,000 years ago as a single star. Edmond Halley reported it as a nebula in 1677. In the 1830s the English astronomer John Herschel was the first to recognize it as a globular cluster.
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BESSY II shows how solid-state batteries degrade | ScienceDaily
Solid-state batteries have several advantages: they can store more energy and are safer than batteries with liquid electrolytes. However, they do not last as long and their capacity decreases with each charge cycle. But it doesn't have to stay that way: Researchers are already on the trail of the causes. In the journal ACS Energy Letters, a team from HZB and Justus-Liebig-Universitat, Giessen, presents a new method for precisely monitoring electrochemical reactions during the operation of a solid-state battery using photoelectron spectroscopy at BESSY II. The results help to improve battery materials and design.


						
Solid-state batteries use a solid ion conductor between the battery electrodes instead of a liquid electrolyte, which allows lithium to be transported during charging and discharging. This has advantages including increased safety during operation and generally higher capacity. However, the lifetime of solid-state batteries is still very limited. This is because decomposition products and interphases form at the interfaces between the electrolyte and the electrode, which hinders the transport of the lithium ions and leads to consumption of active lithium so that the capacity of the batteries decreases with each charge cycle.

What happens during operation?

Now a team led by HZB researchers Dr. Elmar Kataev and Prof. Marcus Bar has developed a new approach to analyse the electrochemical reactions at the interface between solid electrolyte and electrode with high temporal resolution. Kataev explains the research question: "Under what conditions and at what voltage do such reactions occur, and how does the chemical composition of these intermediate phases evolve during cell operation?"

Best candidate LiPSCl examined

For the study, they analysed samples of the solid electrolyte Li6PS5Cl, a material that is considered the best candidate for solid-state batteries as it possesses high ionic conductivity. They worked closely with the team of battery expert Professor Jurgen Janek from the Justus Liebig University Giessen (JLU Giessen). An extremely thin layer of nickel (30 atomic layers or 6 nanometres) served as the working electrode. A film of lithium was pressed onto the other side of the Li6PS5Cl pellet to act as a counter electrode.

Hard X-ray photoelectron spectroscopy HAXPES

In order to analyse the interfacial reactions and the formation of an interlayer (SEI) in real time and as a function of the applied voltage, Kataev used the method of hard X-ray photoelectron spectroscopy (HAXPES) exploiting the analytical capabilities of the Energy Materials In-situ Laboratory Berlin (EMIL) at BESSY II: X-rays hit the sample, exciting the atoms there and the reaction products can be identified from the photoelectrons emitted as a function of the applied cell voltage and time. The results showed that the decomposition reactions were only partially reversible.

Outlook: Examination of different battery materials

"We demonstrate that it is possible to use an ultra-thin current collector to study the electrochemical reactions at the buried interfaces using surface characterisation methods," says Kataev. The HZB team has already received inquiries from research groups in Germany and abroad that are also interested in this characterization approach. As a next step, the HZB team wants to extend this approach and also investigate batteries with composite polymer electrolytes and a variety of anode and cathode materials.
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Researchers show promising material for solar energy gets its curious boost from entropy | ScienceDaily
Solar energy is critical for a clean-energy future. Traditionally, solar energy is harvested using silicon -- the same semiconductor material used in everyday electronic devices. But silicon solar panels have drawbacks: for instance, they're expensive and hard to mount on curved surfaces.


						
Researchers have developed alternative materials for solar-energy harvesting to solve such shortcomings. Among the most promising of these are called "organic" semiconductors, carbon-based semiconductors that are Earth-abundant, cheaper and environmentally friendly.

"They can potentially lower the production cost for solar panels because these materials can be coated on arbitrary surfaces using solution-based methods -- just like how we paint a wall," said Wai-Lun Chan, associate professor of physics and astronomy at the University of Kansas. "These organic materials can be tuned to absorb light at selected wavelengths, which can be used to create transparent solar panels or panels with different colors. These characteristics make organic solar panels particularly suitable for use in next-generation green and sustainable buildings."

While organic semiconductors already have been used in the display panel of consumer electronics such as cell phones, TVs and virtual-reality headsets, they have not been widely used in commercial solar panels yet. One shortcoming of organic solar cells has been their low light-to-electric conversion efficiency, about 12% versus single crystalline silicon solar cells that perform at an efficiency of 25%.

According to Chan, electrons in organic semiconductors typically bind to their positive counterparts known as "holes." In this way, light absorbed by organic semiconductors often produces electrically neutral quasiparticles known as "excitons."

But the recent development of a new class of organic semiconductors known as non-fullerene acceptors (NFAs) changed this paradigm. Organic solar cells made with NFAs can reach an efficiency closer to the 20% mark.

Despite their outstanding performance, it's remained unclear to the scientific community why this new class of NFAs significantly outperforms other organic semiconductors.




In a breakthrough study appearing in Advanced Materials, Chan and his team, including graduate students Kushal Rijal (lead author), Neno Fuller and Fatimah Rudayni from the department of Physics and Astronomy, and in collaboration with Cindy Berrie, professor of chemistry at KU, have discovered a microscopic mechanism that solves in part the outstanding performance achieved by an NFA.

The key to this discovery were measurements taken by lead author Rijal using an experimental technique dubbed the "time-resolved two photon photoemission spectroscopy" or TR-TPPE. This method allowed the team to track the energy of excited electrons with a sub-picosecond time resolution (less than a trillionth of one second).

"In these measurements, Kushal [Rijal] observed that some of the optically excited electrons in the NFA can gain energy from the environment instead of losing energy to the environment," said Chan. "This observation is counterintuitive because excited electrons typically lose their energy to the environment like a cup of hot coffee losing its heat to the surrounding."

The team, whose work was supported by the Department of Energy's Office of Basic Energy Sciences, believes this unusual process occurs on the microscopic scale thanks to the quantum behavior of electrons, which allow an excited electron to appear simultaneously on several molecules. This quantum weirdness pairs with the Second law of Thermodynamics, which holds that every physical process will lead to an increase in the total entropy (often known as "disorder") to produce the unusual energy gain process.

"In most cases, a hot object transfers heat to its cold surroundings because the heat transfer leads to an increase in the total entropy," said Rijal. "But we found for organic molecules arranged in a specific nanoscale structure, the typical direction of the heat flow is reversed for the total entropy to increase. This reversed heat flow allows neutral excitons to gain heat from the environment and dissociates into a pair of positive and negative charges. These free charges can in turn produce electrical current."

Based on their experimental findings, the team proposes that this entropy-driven charge separation mechanism allows organic solar cells made with NFAs to achieve a much better efficiency.

"Understanding the underlying charge separation mechanism will allow researchers to design new nanostructures to take advantage of entropy to direct heat, or energy, flow on the nanoscale," Rijal said. "Despite entropy being a well-known concept in physics and chemistry, it's rarely been actively utilized to improve the performance of energy conversion devices."

Not only that: While the KU team believes the mechanism discovered in this work can be utilized to produce more efficient solar cells, they also think it can help researchers design more efficient photocatalysts for solar-fuel production, a photochemical process using sunlight to convert carbon dioxide into organic fuels.
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Could high-temperature single crystals enable electric vehicles capable of traveling up to one million kilometers? | ScienceDaily
A research team led by Professor Kyu-Young Park from the Graduate Institute of Ferrous & Eco Materials Technology and the Department of Materials Science and Engineering and Kyoung Eun Lee, a PhD candidate, and alumna Yura Kim from the Graduate Institute of Ferrous & Eco Materials Technology at Pohang University of Science and Technology (POSTECH), in collaboration with the POSCO Holdings N.EX.T Hub, has recently demonstrated a single-crystal synthesis technology that significantly extends the lifespan of cathode materials for electric vehicles. This research was published in the online edition of ACS Materials & Interfaces, an international journal in the materials science field.


						
Lithium (Li) secondary batteries, commonly used in electric vehicles, store energy by converting electrical energy to chemical energy and generating electricity to release chemical energy to electrical energy through the movement of Li- ions between a cathode and an anode. These secondary batteries mainly use nickel (Ni) cathode materials due to their high lithium-ion storage capacity. Traditional nickel-based materials have a polycrystalline morphology composed of many tiny crystals which can undergo structural degradation during charging and discharging, significantly reducing their lifespan.

One approach to addressing this issue is to produce the cathode material in a "single-crystal" form. Creating nickel-based cathode materials as single large particles, or "single crystals," can enhance their structural and chemical stability and durability. It is known that single-crystal materials are synthesized at high temperatures and become rigid. However, the exact process of hardening during synthesis and the specific conditions under which this occurs remain unclear.

To improve the durability of nickel cathode materials for electric vehicles, the researchers focused on identifying a specific temperature, referred to as the "critical temperature," at which high-quality single-crystal materials are synthesized. They investigated various synthesis temperatures to determine the optimal conditions for forming single crystals in synthesis of a nickel-based cathode material (N884). The team systematically observed the impact of temperature on the material's capacity and long-term performance.

The researchers discovered that conventional polycrystalline materials synthesized below a certain critical temperature are prone to degradation with prolonged use in secondary batteries. However, when synthesized above this critical temperature, high-quality single crystals can be easily produced, leading to materials with superior longevity. This is due to a process called "densification" which occurs above a certain critical temperature. During this process, the internal grain size of the material increases and the empty spaces within the material are densely filled. Densified single crystals are extremely hard and resistant to degradation over extended periods, significantly enhancing their durability. Based on these findings, the team confirmed that synthesizing single crystals above the critical temperature is a more advantageous material design strategy. They also proposed an effective method for synthesizing high-quality single crystal materials.

Professor Kyu-Young Park of POSTECH stated, "We have introduced a new synthesis strategy to enhance the durability of nickel-based cathode materials." He added, "We will continue our research to make secondary batteries for electric vehicles cheaper, faster, and longer-lasting."
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Found with Webb: A potentially habitable icy world | ScienceDaily
A international team of astronomers led by Universite de Montreal has made an exciting discovery about the temperate exoplanet LHS 1140 b: it could be a promising "super-Earth" covered in ice or water.


						
When the exoplanet LHS 1140 b was first discovered, astronomers speculated that it might be a mini-Neptune: an essentially gaseous planet, but very small in size compared to Neptune. But after analyzing data from the James Webb Space Telescope (JWST) collected in December 2023 -- combined with previous data from other space telescopes such as Spitzer, Hubble and TESS -- scientists have come to a very different conclusion.

Located some 48 light-years from Earth in the constellation Cetus, LHS 1140 b appears to be one of the most promising exoplanets in its star's habitable zone, potentially harboring an atmosphere and even an ocean of liquid water. The results of this discovery by Universite de Montreal astronomers are available on ArXiv and will soon be published in The Astrophysical Journal Letters.

An exoplanet in the 'Goldilocks' Zone'

LHS 1140 b, an exoplanet orbiting a low-mass red dwarf star roughly one-fifth the size of the Sun, has captivated scientists due to it being one of the closest exoplanets to our Solar System that lies within its star's habitable zone. Exoplanets found in this "Goldilocks' Zone" have temperatures that would allow water to exist on them in liquid form  -- liquid water being a crucial element for life as we know it on Earth.

Earlier this year, researchers led by Charles Cadieux, a Ph.D. student at UdeM's Trottier Institute for Research on Exoplanets (iREx) supervised by professor Rene Doyon, reported new mass and radius estimates for LHS 1140 b with exceptional accuracy, comparable to those of the well-known TRAPPIST-1 planets: 1.7 times the size of Earth and 5.6 times its mass.

One of the critical questions about LHS 1140 b was whether it is a mini-Neptune type exoplanet (a small gas giant with a thick hydrogen-rich atmosphere) or a super-Earth (a rocky planet larger than Earth). This latter scenario included the possibility of a so-called "Hycean world" with a global liquid ocean enveloped by a hydrogen-rich atmosphere which would exhibit a distinct atmospheric signal that could be observed using the powerful Webb Telescope.




New insights from Webb data

Through an extremely competitive process, the team of astronomers obtained valuable "drector's discretionary time" (DDT) on Webb last December, during which two transits of LHS 1140 b were observed with the Canadian-built NIRISS (Near-Infrared Imager and Slitless Spectrograph) instrument. This DDT programme is only the second dedicated to the study of exoplanets in the nearly two years of Webb's operations, underscoring the importance and potential impact of these findings.

Analysis of these observations strongly excluded the mini-Neptune scenario, with tantalizing evidence suggesting exoplanet LHS 1140 b is a super-Earth that may even have a nitrogen-rich atmosphere. If this result is confirmed, LHS 1140 b would be the first temperate planet to show evidence of a secondary atmosphere, formed after the planet's initial formation.

Estimates based on all accumulated data reveal that LHS 1140 b is less dense than expected for a rocky planet with an Earth-like composition, suggesting that 10 to 20 per cent of its mass may be composed of water. This discovery points to LHS 1140 b being a compelling water world, likely resembling a snowball or ice planet with a potential liquid ocean at the sub-stellar point, the area of the planet's surface that would always be facing the system's host star due to the planet's expected synchronous rotation (much like the Earth's Moon).

"Of all currently known temperate exoplanets, LHS 1140 b could well be our best bet to one day indirectly confirm liquid water on the surface of an alien world beyond our Solar System," said Cadieux, lead author of the new study. "This would be a major milestone in the search for potentially habitable exoplanets."

Possible presence of an atmosphere and an ocean

While it is still only a tentative result, the presence of a nitrogen-rich atmosphere on LHS 1140 b would suggest the planet has retained a substantial atmosphere, creating conditions that might support liquid water. This discovery favors the water-world/snowball scenario as the most plausible.




Current models indicate that if LHS 1140 b has an Earth-like atmosphere, it would be a snowball planet with a vast "bull's-eye" ocean measuring about 4,000 kilometers in diameter, equivalent to half the surface area of the Atlantic Ocean. The surface temperature at the centre of this alien ocean could even be a comfortable 20 degrees Celsius.

LHS 1140 b's potential atmosphere and favorable conditions for liquid water make it an exceptional candidate for future habitability studies. This planet provides a unique opportunity to study a world that could support life, given its position in its star's habitable zone and the likelihood of its having an atmosphere that can retain heat and support a stable climate.

Several years of observation ahead

Confirming the presence and composition of LHS 1140 b's atmosphere and discerning between the snowball planet and bull's-eye ocean planet scenarios require further observations. The research team has emphasised the need for additional transit and eclipse measurements with the Webb Telescope, focusing on a specific signal that could unveil the presence of carbon dioxide. This feature is crucial for understanding the atmospheric composition and detecting potential greenhouse gases that could indicate habitable conditions on the exoplanet.

"Detecting an Earth-like atmosphere on a temperate planet is pushing Webb's capabilities to its limits -- it's feasible; we just need lots of observing time," said Doyon, who is also the principal investigator of the NIRISS instrument. "The current hint of a nitrogen-rich atmosphere begs for confirmation with more data. We need at least one more year of observations to confirm that LHS 1140 b has an atmosphere, and likely two or three more to detect carbon dioxide." According to Doyon, the Webb Telescope will likely have to observe this system at every possible opportunity for several years to determine whether LHS 1140 b has habitable surface conditions.

Given LHS 1140 b's limited visibility with Webb -- a maximum of only eight visits per year are possible -- astronomers will require several years of observations to detect carbon dioxide and confirm the presence of liquid water on the planet's surface.
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Researchers examine economic effects on technological advancements of blue hydrogen production | ScienceDaily
A new analysis by University of Wyoming researchers examines the impacts of current federal economic incentives on large-scale, blue hydrogen production technologies and estimates the expected outcomes in long-term expenses as those hydrogen production pathways evolve.


						
The research, titled "Technological Evolution of Large-Scale Blue Hydrogen Production Toward the U.S. Hydrogen Energy Earthshot," was led by Haibo Zhai, the Roy and Caryl Cline Distinguished Chair in Engineering and a professor in the UW College of Engineering and Physical Sciences. The study appears in the journal Nature Communications, a peer-reviewed, open access scientific journal that covers the natural sciences.

Wanying Wu, Zhai's UW Ph.D. student, was lead author.

Launched in 2021, the U.S. Department of Energy's (DOE) Energy Earthshots Initiative aims to accelerate breakthroughs of more abundant, affordable and reliable clean energy solutions within the decade by reducing the cost of clean hydrogen production and deployment. The ambitious goal of the program is to reduce production costs of hydrogen by 80 percent to $1 per kilogram of hydrogen in a decade.

The new UW study estimates the economic benefits from learning experience by deploying large-scale blue hydrogen projects; evaluates both the 45Q tax credit for carbon sequestration and 45V tax credit for clean hydrogen production; and compares the credits' economic role in promoting blue hydrogen production toward the Hydrogen Energy Earthshots Initiative.

"Currently, the cost of hydrogen is high, especially when produced from renewables," Zhai says. "However, blue hydrogen -- that is, hydrogen produced using fossil fuels and paired with carbon sequestration -- has the potential to significantly reduce the costs of production, substantially lower emissions and support new economic opportunities in line with the goals of the Energy Earthshots Initiative so long as the tax incentives and infrastructure funding remain available to technology developers. This study is an important snapshot of where we are and where we could be in the future while building out clean hydrogen systems."

The premise is that the more prevalent and advanced, or "experienced," large-scale blue hydrogen systems become, the more efficient and affordable they will become. However, that is only one piece of the puzzle, Zhai says.




"We apply experience curves to estimate the evolving costs of blue hydrogen production and to further examine the economic effect on technological evolution of the Inflation Reduction Act's tax credits for carbon sequestration and clean hydrogen," he explains. "We concluded in our models that the break-even cumulative production capacity required for gas-based blue hydrogen to reach DOE's $1/kg H2 target is highly dependent on tax credits, natural gas prices, inflation rates, carbon capture uncertainties and learning rates."

Despite these uncertainties, the study concludes that experience from the deployment of blue hydrogen projects will be helpful in lowering future costs of hydrogen production and will remain cost competitive. Additionally, paired with extended tax incentives for carbon sequestration, costs could be significantly reduced further.

Funding for the study was made possible by the Hydrogen Energy Research Center (H2ERC) in UW's School of Energy Resources (SER) and is the direct result of the "Hydrogen: Make, Move, Use or Store" initiative that supported UW faculty-led projects investigating topics across all levels of the hydrogen supply chain. Eugene Holubnyak, H2ERC director, also was a collaborative author on the study.

"I feel privileged to have contributed to this important discussion alongside Dr. Zhai and Ms. Wu," Holubnyak says. "SER has been fortunate to receive support from the state of Wyoming in order to delve into the feasibility of a new hydrogen economy and conduct important research on hydrogen production methods. This study is a wonderful example of that support having a wider impact among the scientific community and will help us to evaluate the most economically competitive pathway forward."
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Researchers introduce generative AI for databases | ScienceDaily
A new tool makes it easier for database users to perform complicated statistical analyses of tabular data without the need to know what is going on behind the scenes.


						
GenSQL, a generative AI system for databases, could help users make predictions, detect anomalies, guess missing values, fix errors, or generate synthetic data with just a few keystrokes.

For instance, if the system were used to analyze medical data from a patient who has always had high blood pressure, it could catch a blood pressure reading that is low for that particular patient but would otherwise be in the normal range.

GenSQL automatically integrates a tabular dataset and a generative probabilistic AI model, which can account for uncertainty and adjust their decision-making based on new data.

Moreover, GenSQL can be used to produce and analyze synthetic data that mimic the real data in a database. This could be especially useful in situations where sensitive data cannot be shared, such as patient health records, or when real data are sparse.

This new tool is built on top of SQL, a programming language for database creation and manipulation that was introduced in the late 1970s and is used by millions of developers worldwide.

"Historically, SQL taught the business world what a computer could do. They didn't have to write custom programs, they just had to ask questions of a database in high-level language. We think that, when we move from just querying data to asking questions of models and data, we are going to need an analogous language that teaches people the coherent questions you can ask a computer that has a probabilistic model of the data," says Vikash Mansinghka '05, MEng '09, PhD '09, senior author of a paper introducing GenSQL and a principal research scientist and leader of the Probabilistic Computing Project in the MIT Department of Brain and Cognitive Sciences.




When the researchers compared GenSQL to popular, AI-based approaches for data analysis, they found that it was not only faster but also produced more accurate results. Importantly, the probabilistic models used by GenSQL are explainable, so users can read and edit them.

"Looking at the data and trying to find some meaningful patterns by just using some simple statistical rules might miss important interactions. You really want to capture the correlations and the dependencies of the variables, which can be quite complicated, in a model. With GenSQL, we want to enable a large set of users to query their data and their model without having to know all the details," adds lead author Mathieu Huot, a research scientist in the Department of Brain and Cognitive Sciences and member of the Probabilistic Computing Project.

They are joined on the paper by Matin Ghavami and Alexander Lew, MIT graduate students; Cameron Freer, a research scientist; Ulrich Schaechtle and Zane Shelby of Digital Garage; Martin Rinard, an MIT professor in the Department of Electrical Engineering and Computer Science and member of the Computer Science and Artificial Intelligence Laboratory (CSAIL); and Feras Saad '15, MEng '16, PhD '22, an assistant professor at Carnegie Mellon University. The research was recently presented at the ACM Conference on Programming Language Design and Implementation.

Combining models and databases

SQL, which stands for structured query language, is a programming language for storing and manipulating information in a database. In SQL, people can ask questions about data using keywords, such as by summing, filtering, or grouping database records.

However, querying a model can provide deeper insights, since models can capture what data imply for an individual. For instance, a female developer who wonders if she is underpaid is likely more interested in what salary data mean for her individually than in trends from database records.




The researchers noticed that SQL didn't provide an effective way to incorporate probabilistic AI models, but at the same time, approaches that use probabilistic models to make inferences didn't support complex database queries.

They built GenSQL to fill this gap, enabling someone to query both a dataset and a probabilistic model using a straightforward yet powerful formal programming language.

A GenSQL user uploads their data and probabilistic model, which the system automatically integrates. Then, she can run queries on data that also get input from the probabilistic model running behind the scenes. This not only enables more complex queries but can also provide more accurate answers.

For instance, a query in GenSQL might be something like, "How likely is it that a developer from Seattle knows the programming language Rust?" Just looking at a correlation between columns in a database might miss subtle dependencies. Incorporating a probabilistic model can capture more complex interactions.

Plus, the probabilistic models GenSQL utilizes are auditable, so people can see which data the model uses for decision-making. In addition, these models provide measures of calibrated uncertainty along with each answer.

For instance, with this calibrated uncertainty, if one queries the model for predicted outcomes of different cancer treatments for a patient from a minority group that is underrepresented in the dataset, GenSQL would tell the user that it is uncertain, and how uncertain it is, rather than overconfidently advocating for the wrong treatment.

Faster and more accurate results

To evaluate GenSQL, the researchers compared their system to popular baseline methods that use neural networks. GenSQL was between 1.7 and 6.8 times faster than these approaches, executing most queries in a few milliseconds while providing more accurate results.

They also applied GenSQL in two case studies: one in which the system identified mislabeled clinical trial data and the other in which it generated accurate synthetic data that captured complex relationships in genomics.

Next, the researchers want to apply GenSQL more broadly to conduct largescale modeling of human populations. With GenSQL, they can generate synthetic data to draw inferences about things like health and salary while controlling what information is used in the analysis.

They also want to make GenSQL easier to use and more powerful by adding new optimizations and automation to the system. In the long run, the researchers want to enable users to make natural language queries in GenSQL. Their goal is to eventually develop a ChatGPT-like AI expert one could talk to about any database, which grounds its answers using GenSQL queries.

This research is funded, in part, by the Defense Advanced Research Projects Agency (DARPA), Google, and the Siegel Family Foundation.
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Moving from the visible to the infrared: Developing high quality nanocrystals | ScienceDaily
Awarded the 2023 Nobel Prize in Chemistry, quantum dots have a wide variety of applications ranging from displays and LED lights to chemical reaction catalysis and bioimaging. These semiconductor nanocrystals are so small -- on the order of nanometers -- that their properties, such as color, are size dependent, and they start to exhibit quantum properties. This technology has been really well developed, but only in the visible spectrum, leaving untapped opportunities for technologies in both the ultraviolet and infrared regions of the electromagnetic spectrum.


						
In new research published in Nature Synthesis, University of Illinois at Urbana-Champaign bioengineering professor Andrew Smith and postdoctoral researcher Wonseok Lee have developed mercury selenide (HgSe) and mercury cadmium selenide (HgCdSe) nanocrystals that absorb and emit in the infrared, made from already well-developed, visible spectrum cadmium selenide (CdSe) precursors. The new nanocrystal products retained the desired properties of the parent CdSe nanocrystals, including size, shape and uniformity.

"This is the first example of infrared quantum dots that are at the same level of quality as the ones that are in the visible spectrum," Smith says.

Although nanocrystal technology has existed for more than 50 years, only nanocrystals that operate in the visible portion of the spectrum have been significantly advanced. Smith explains, "They're a big part of display devices. And a big part of any technology that is light absorbing or light emitting. There's just been an intrinsic push to develop a technology that has the biggest market at the end of the day."

Beyond just the market demand for visible spectrum nanocrystals, chemistry is harder for materials in the infrared, which is longer wavelength and lower energy than light in the visible spectrum. To achieve light absorption and emission in the infrared, heavier elements that are lower on the periodic table need to be used. Chemistry with those elements is more difficult, yielding more unwanted side reactions and less predictable reactions. They are also prone to degradation and are susceptible to ambient changes in the environment, like water.

Quantum dot nanocrystals can be made from elemental semiconductors, like silicon, or they can be binary or ternary. Mixing two elements can yield many different properties, mixing three elements together can yield exponentially more properties. "We have been focusing on this one type of material, a ternary alloy -- mercury cadmium selenide -- because we think it could be the 'perfect' material to make," Smith says. "You could basically get any property you want by changing the ratio of cadmium and mercury atoms. It can span this huge range of the electromagnetic spectrum -- across the entire infrared into the entire visible spectrum -- and get so many properties."

Smith had been trying to make this material since he was in graduate school with no luck, and even in the broader research community, there have been no reports of success, until now. "The way we did it was taking the already perfected, visible ones -- cadmium selenide, which is considered to be the most developed quantum dot -- and used it as a 'sacrificial mold'," he says.




Replacing the cadmium atoms with mercury atoms instantly shifts everything into the infrared spectrum, with all the desired quality retained: strong light absorption, strong light emission and homogeneity.

To do this, Smith and Lee had to ditch the traditional method of synthesis for nanocrystals, which is to mix the precursor elements together and under the right conditions, they decompose into the desired nanocrystal form. As it turns out, there are no conditions that anybody has found to work for mercury, cadmium and selenide.

"Lee developed a new process called interdiffusion enhanced cation exchange," Smith says. "In this process, we add a fourth element, silver, which introduces defects in the material that causes everything to mix together homogeneously. And that solved the whole problem."

While quantum dots have many applications, one application for infrared quantum dots with potential to have the most impact is for use as molecular probes for imaging, where they can be put into biological systems and detected in tissues. Since most quantum dots emit in the visible spectrum, only emission near the surface of the skin can be detected. Biology, however, is fairly transparent in the infrared and therefore deeper tissues can be probed.

Mice are the standard models for most diseases and Smith explains that with quantum dots that emit in the infrared, researchers could see almost entirely through a living rodent to see its physiology and the locations of specific molecules throughout the body. This will allow for better understanding of biological processes and for developing therapeutics without having to sacrifice the mice, potentially changing preclinical drug development.

Andrew Smith is also an affiliate of the Holonyak Micro & Nano Technology laboratory, the Carl R. Woese Institute for Genomic Biology, the department of materials science & engineering, the Cancer Center at Illinois and the Carle Illinois College of Medicine at Illinois.

Wonseok Lee is also an affiliate of the Holonyak Micro & Nano Technology laboratory at Illinois.

This research was funded by the National Institutes of Health and the National Science Foundation.
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Implantable LED device uses light to treat deep-seated cancers | ScienceDaily
Certain types of light have proven to be an effective, minimally invasive treatment for cancers located on or near the skin when combined with a light-activated drug. But deep-seated cancers, surrounded by tissue, blood and bone, have been beyond the reach of light's therapeutic effects.


						
To bring light's benefits to these harder-to-access cancers, engineers and scientists at the University of Notre Dame have devised a wireless LED device that can be implanted. This device, when combined with a light-sensitive dye, not only destroys cancer cells, but also mobilizes the immune system's cancer-targeting response. The research was published in Photodiagnosis and Photodynamic Therapy.

"Certain colors of light penetrate tissue deeper than other ones," said Thomas O'Sullivan, associate professor of electrical engineering and co-author on the paper. "It turns out that the kind of light -- in this case green -- that doesn't penetrate as deeply has the capability of producing a more robust response against the cancer cells."

Before the light can be effective in destroying cancer cells, a dye with light-absorbing molecules must be administered to the cells. The device turns on, the dye transfers the light into energy and that energy makes the cells' own oxygen toxic -- in effect, turning the cancer cells against themselves.

While other treatments also weaponize the cells' own oxygen, this device causes a particularly serendipitous form of cell death.

"Working together, biochemistry graduate student Hailey Sanders and electrical engineering graduate student SungHoon Rho perceptively noted that the treated cells were swelling, which is the hallmark of a kind of cell death, pyroptosis, that's particularly good at triggering the immune response," said Bradley Smith, the Emil T. Hofman Professor of Science and co-author on the paper.

"Our goal is to induce just a little bit of pyroptotic cell death, which will then trigger the immune system to start attacking the cancer."

In future studies, the device will be used in mice to see whether the cancer-killing response initiated in one tumor will prompt the immune system to identify and attack another cancerous tumor on its own.

O'Sullivan noted that the device, which is the size of a grain of rice, can be injected directly into a cancerous tumor and activated remotely by an external antenna. The goal is to use the device not only to deliver treatment but also to monitor the tumor's response, adjusting signal strength and timing as needed.

This research was one of four projects funded by the first Seed Transformative Interdisciplinary Research (STIR) grants. Initiated in 2023 by the Notre Dame College of Science and College of Engineering, these grants are designed to jump-start science and engineering research projects in human health, the environment and information technologies.
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Building materials for water-rich planets in the early solar system | ScienceDaily
Age data for certain classes of meteorite have made it possible to gain new findings on the origin of small water-rich astronomical bodies in the early solar system. These so-called planetesimals continually supplied building materials for planets -- also for the Earth, whose original material contained little water. The Earth received its actual water through planetesimals, which emerged at low temperatures in the outer solar system. Ice was available there as solid-state water -- unlike with small bodies which had evolved earlier and were too hot for that, being closer to the sun. Computational models carried out by an international research team, with participation by earth scientists from Heidelberg University, have shown this on the basis of the age data, from which they were also able to read the parent bodies' thermal evolution.


						
The planets of our solar system formed together with their mother star, and the Earth did likewise, emerging about 4.5 billion years ago around the sun. This happened in the habitable zone, which meant that water was able to exist in liquid form on its surface. The Earth, like other planets, also grew out of planetesimals. They emerge when large quantities of dust particles accrete in high pressure zones several thousand kilometres in diameter, and collapse under their own gravity. "These small bodies did not just supply the building materials for the planets," explains Prof. Dr Mario Trieloff, who directs the Klaus Tschira Laboratory for Cosmochemistry at Heidelberg University's Institute of Earth Sciences. They are also the source of the Earth's water, the scientist adds.

The circumstances under which the planetesimals actually originated in the early solar system, and whether this was also possible for considerable periods of time, have so far not been finally clarified. Important information in this regard is supplied by the age data of certain classes of meteorites, which at some stage separated from small planets. In cooperation with colleagues from Berlin, Bayreuth and Zurich (Switzerland), the Heidelberg scientists have derived the thermal evolution and point of origin of the mother bodies from this data. They show that some of the planetesimals formed very quickly, meaning within less than two million years. In that case, they heated up so strongly that they melted and lost all volatile elements, including their water.

Other planetesimals, according to the findings of the current study, arose later at lower temperatures in the outer solar system; they were partly able to conserve their water bound up in crystals. The fact that these small bodies were also able to continually form at later stages of the solar system is, according to the scientists, due to various delaying effects counteracting the mechanisms of rapid origin, for example, collisions between dust agglomerates [?] the building materials of planetesimals [?] which prevented the rapid growth of small planets.

"The Earth accreted such small water-rich planets or their fragments in the form of asteroids or meteorites during its growth process and that is the only reason why it did not become a bone-dry planet, hostile to life," says Dr Wladimir Neumann, first author of the study, which is based on research carried out at Heidelberg University, the Institute of Planetary Research at the German Aerospace Center and the Institute of Geodesy at TU Berlin.

Since the origin of planetesimals in extrasolar planetary systems is based on the same physical laws as in our solar system, the scientists assume that there could also be planets similar to the Earth in other regions of space. If they have received water from small bodies in the course of their evolutionary history they could meet the preconditions for the origin of life, according to Prof. Trieloff.

The research findings were published in the journal Nature Scientific Reports. Participating in the investigations were scientists from TU Berlin, the German Aerospace Center, ETH Zurich (Switzerland) and the University of Bayreuth. Funding for the research studies came from the German Research Foundation, the Klaus Tschira Foundation and the International Space Science Institute in Bern (Switzerland) and Beijing (China).
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Pinpointing coal plants to convert to nuclear energy, considering both practicality and community support | ScienceDaily
An assessment ranks the feasibility of converting 245 operational coal power plants in the U.S. into advanced nuclear reactors, providing valuable insights for policymakers and utilities to meet decarbonization goals, according to a new study by University of Michigan researchers.


						
The R M Schahfer coal plant in Indiana emerged as the most feasible smaller electric capacity site, generating 1,000 megawatts electric (MWe) or less, while the AES Petersburg plant in Indiana was top-ranked among the larger electric capacity sites, having generation capacity greater than 1,000 MWe.

"With no new coal plants planned and many utilities aiming to retire all coal power plants within 15 years in the U.S., transitioning to cleaner energy sources is crucial," said Md Rafiul Abdussami, a doctoral student of nuclear engineering and radiological sciences at U-M and corresponding author of the study published in Energy Reports.

In 2022, coal plants in the U.S. accounted for 20% of energy generation and 55% of power sector CO2 emissions. Nuclear power can generate the same stable base load of energy as coal but with zero carbon emissions.

Rather than establishing new sites, transitioning operational coal plants to nuclear plants can save time and money by using existing equipment like transmission lines and power system components. Surrounding communities also stand to benefit from the transition, retaining jobs and tax bases as coal plants are phased out.

"This data set can support economic revitalization plans in regions affected by coal plant closures and provide information for engagement efforts in coal communities considering hosting clean energy facilities," said Aditi Verma, an assistant professor of nuclear engineering and radiological sciences at U-M and senior author of the study.

To address the intricate interplay of socio-technical and economic factors when selecting sites to repurpose coal plants, the researchers used a tool called Siting Tool for Advances Nuclear Development. This tool allows users to optimize socioeconomic factors, safety and proximity -- for instance, nearby population, transportation infrastructure -- while selecting feasible locations.




The tool's ability to evaluate multiple sites simultaneously while balancing a suite of objectives offers a more scalable and robust analysis than previous studies, which focused on a few specific plants.

Results revealed a broad spectrum of suitability levels and tradeoffs across different locations, highlighting both the feasibility and complexity of transitioning from coal to nuclear capacity. For the smaller electric capacity group, the feasibility score ranged from 51.52 to 84.31 out of 100 with a median of 66.53. The larger electric capacity group ranged in feasibility scores from 47.29 to 76.92 with a median of 63.97.

Regional attributes like energy prices and nuclear policies strongly influenced suitability.

The Department of Energy, states and electric utilities across the country are currently exploring the potential of transitioning away from coal to cleaner sources of energy. These findings provide valuable insights for both policymakers, developing strategies and regulations, and utilities, planning investments and timing for a smooth coal-to-nuclear transition while maintaining grid reliability.

"My hope is that this work, which looks at the potential for coal-to-nuclear transitions in a very granular way, for each coal plant across the country, can inform the national and state-level conversations that are unfolding in real time," Verma said.

The work is sponsored by the Department of Energy Office of Nuclear Energy under project number (DE-NE0009382), funded through the Nuclear Energy University Program (NEUP).

The Geographical Information Systems (GIS)-based tool was collaboratively developed by the University of Michigan, Argonne National Laboratory, Oak Ridge National Laboratory and the National Reactor Innovation Center.
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How a plant app helps identify the consequences of climate change | ScienceDaily
A research team led by the German Centre for Integrative Biodiversity Research (iDiv) and Leipzig University has developed an algorithm that analyses observational data from the Flora Incognita app. The novel approach described in Methods in Ecology and Evolution can be used to derive ecological patterns that could provide valuable information about the effects of climate change on plants.


						
Plants are known to respond to seasonal changes by budding, leafing, and flowering. As climate change stands to shift these so-called phenological stages in the life cycle of plants, access to data about phenological changes -- from many different locations and in different plants -- can be used to draw conclusions about the actual effects of climate change. However, conducting such analyses require a large amount of data and data collection of this scale would be unthinkable without the help of citizen scientists. "The problem is that the quality of the data suffers when fewer people engage as citizen scientists and stop collecting data," says first author Karin Mora, research fellow at Leipzig University and iDiv.

Mobile apps like Flora Incognita could help solve this issue. The app allows users to identify unknown wild plants within a matter of seconds. "When I take a picture of a plant with the app, the observation is recorded with the (exact) location as well as a time stamp," explains co-author Jana Waldchen from the Max Planck Institute for Biogeochemistry (MPI-BGC), who developed the app with colleagues from TU Ilmenau. "Millions of time-stamped plant observations from different regions have been collected by now." Although satellite data also records the phenology of entire ecosystems from above, they do not provide information about the processes taking place on the ground.

Plants show synchronised response

The researchers developed an algorithm that draws on almost 10 million observations of nearly 3,000 plants species identified between 2018 and 2021 in Germany by users of Flora Incognita. The data show that each individual plant has its own cycle as to when it begins a flowering or growth phase. Furthermore, the scientists were able to show that group behaviour arises from the behaviour of individuals. From this, they were able to derive ecological patterns and investigate how these change with the seasons. For example, ecosystems by rivers differ from those in the mountains, where phenological events start later.

The algorithm also accounts for the observational tendencies of Flora Incognita users, whose data collection is far from systematic. For example, users record more observations on the weekend and in densely populated areas. "Our method can automatically isolate these effects from the ecological patterns," Karin Mora explains. "Fewer observations don't necessarily mean that we can't record the synchronisation. Of course, there are very few observations in the middle of winter, but there are also very few plants that can be observed during that time."

It is known that climate change is causing seasonal shifts -- for example, spring is arriving earlier and earlier. How this affects the relationship between plants and pollinating insects and therefore potentially also food security is still being subject to further research. The new algorithm can now be used to better analyse the effects of these changes on the plant world.

This study was funded by the Deutsche Forschungsgemeinschaft (DFG; FZT-118) and the iDiv Flexpool.
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Mining rare earth metals from electronic waste | ScienceDaily
Rare earth metals are not as rare as their name suggests. However, they are indispensable for the modern economy. After all, these 17 metals are essential raw materials for digitalisation and the energy transition. They are found in smartphones, computers, screens and batteries -- without them, no electric motor would run and no wind turbine would turn. Because Europe is almost entirely dependent on imports from China, these raw materials are considered to be critical.


						
However, rare earth metals are also critical because of their extraction. They always occur in compound form in natural ores -- but as these elements are chemically very similar, they are difficult to separate. Traditional separation processes are therefore very chemical- and energy-intensive and require several extraction steps. This makes the extraction and purification of these metals expensive, resource- and time-consuming and extremely harmful to the environment.

"Rare earth metals are hardly ever recycled in Europe," says Victor Mougel, Professor at the Laboratory of Inorganic Chemistry at ETH Zurich. A team of researchers led by Mougel wants to change this. "There is an urgent need for sustainable and uncomplicated methods for separating and recovering these strategic raw materials from various sources," says the chemist.

In a study recently published in the journal Nature Communications, the team presents a surprisingly simple method for efficiently separating and recovering the rare earth metal europium from complex mixtures including other rare earth metals.

Inspired by nature

Marie Perrin, a doctoral student in Mougel's group and first author of the study, explains: "Existing separation methods are based on hundreds of liquid-liquid extraction steps and are inefficient -- the recycling of europium has so far been impractical." In their study, they show how a simple inorganic reagent can significantly improve separation. "This allows us to obtain europium in a few simple steps -- and in quantities that are at least 50 times higher than with previous separation methods," says Perrin.

The key to this technique can be found in small inorganic molecules featuring four sulphur atoms around tungsten or molybdenum: tetrathiometallates. The researchers were inspired by the world of proteins. Tetrathiometallates are found as a binding site for metals in natural enzymes and are used as active substances against cancer and copper metabolism disorders.




For the first time, tetrathiometallates are now also being used as ligands for the separation of rare earth metals. Their unique redox properties come into play here, reducing europium to its unusual divalent state and thus simplifying separation from the other trivalent rare earth metals.

Keeping europium in circulation

Electronic waste is an important but as yet underutilised source of rare earth metals. "If this source were tapped into, the lamp waste that Switzerland currently sends abroad to be disposed of in a landfill could be recycled here in Switzerland instead," says Mougels. In this way, lamp waste could serve as an urban mine for europium and make Switzerland less dependent on imports.

In the past, europium was mainly used as phosphor in fluorescent lamps and flat screens, which led to high market prices. As fluorescent lamps are now gradually being phased out, demand has fallen, so that the previous recycling methods for europium are no longer economically viable. More efficient separation strategies are nevertheless desirable and could help to utilise the vast quantities of cheap fluorescent lamp waste whose rare earth metal content is around 17 times higher than in natural ores.

Reduce demand

This makes it all the more urgent to recover rare metals at the end of a product's life and keep them in circulation -- but the recovery rate of rare earth elements in the EU is still below one per cent.

In principle, any separation process for rare earth metals can be used both for extraction from ore and for recovery from waste. With their method, however, the researchers are deliberately focussing on recycling the raw materials, as this makes much more ecological and economic sense. "Our recycling approach is significantly more environmentally friendly than all conventional methods for extracting rare earth metals from mineral ores," says Mougel.

The researchers have patented their technology and are in the process of founding a start-up called REEcover to commercialise it in the future. They are currently working on adapting the separation process for other rare earth metals such as neodymium and dysprosium, which are found in magnets. If this is successful, Marie Perrin wants to build up the start-up after her doctorate and establish the recycling of rare earth metals in practice.
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Trust, more than knowledge, critical for acceptance of fully autonomous vehicles | ScienceDaily
While not yet on the market, fully autonomous vehicles are promoted as a way to make road travel dramatically safer, but a recent study found that knowing more about them did not improve people's perception of their risk. They needed to have more trust in them too.


						
This study adds to the evidence from other research that knowledge alone is not enough to sway people's attitudes toward complex technology and science, such as gene editing or climate change. In this case, Washington State University researchers found that trust in the autonomous vehicles' reliability and performance played the strongest role in improving perceptions of the technology's risk.

That may be critical to whether this technology will ever be realized, said Kathryn Robinson-Tay, lead author of the study published in the Journal of Risk Research.

"Autonomous vehicles are such consumer-oriented products. Whether they are used or not is really dependent on whether people will buy them," said Robinson-Tay, a doctoral student in WSU's Murrow College of Communication. "We found there was no significant relationship between people's knowledge and their risk perceptions of autonomous vehicles -- without the mediation of trust."

While some cars with autonomous features, like Tesla's adaptive cruise control, are on the roads now, fully driverless vehicles are not yet available. By some estimates, if they do become available, they could improve traffic safety by 90%. But that likely depends on their wide-adoption, and currently, perceptions of their safety are very low. A 2022 Pew Research poll showed 44% of Americans have a negative view of autonomous vehicles.

For this study, Robinson-Tay and her advising professor Wei Peng conducted a representative, cross-sectional survey of 323 adults in the U.S. using Census-based quotas for age, gender and race to ensure a diverse sample. The participants answered questions about their knowledge and perceptions of autonomous vehicles and their risk. While trust emerged as the most influential factor, people's desire to experience using fully autonomous vehicles also indirectly led to improved perceptions of risk.

The fact that fully autonomous vehicles are not yet available even to try out may be part of the problem, but their very autonomous nature may also hinder their acceptance, said Peng, a WSU communications researcher.




"It's basic psychology that people want to interact with the things they use. They want to control them through physical touch. With fully autonomous vehicles, you do not need to touch them, so people may feel they are very risky or unsafe," he said.

News reports about accidents with partially autonomous vehicles has also likely hurt perceptions, the researchers said.

"Accidents happen all the time on the road every day, but people tend to overestimate the risk of something that's new, or that they're less familiar with," Peng said.

Regardless, this study's findings point to the need to build trust with the public if fully autonomous vehicles are to ever take to the roads.

"Proponents should do their best to communicate the benefits, and the risks, of autonomous vehicles in an effort to increase both knowledge and trust," said Robinson-Tay. "It's really important to communicate as honestly as possible so people can have a balanced understanding of what they're exactly getting into with purchasing one."
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Key electronic device developed for the massive arrival of 6G networks | ScienceDaily
UAB researchers were involved in the development of a switch, an essential device in telecommunications, capable of operating at very high frequency with lower power consumption than conventional technologies. The technology has applications in the new 6G mass communication systems and is more sustainable in terms of energy consumption than current devices. The study was published recently in Nature Electronics.


						
An indispensable element for controlling signals in electronic communication devices is the switch, whose function is to allow an electrical signal to pass (ON state) or to block it (OFF state). The fastest elements currently used to perform this function are silicon-based (the so-called RF silicon-on-insulator MOSFET switches) and operate using signals with frequencies of tens of gigahertz (GHz). However, they are volatile, i.e., they require a constant power source to maintain the ON state. To improve current communication systems and meet the demand for increasingly faster communications that will involve the Internet of Things (IoT) and the popularisation of virtual reality, it is necessary to increase the frequency of the signals with which these elements are able to act, and improve their performance.

An international collaboration involving researchers from the UAB Department of Telecommunications and Systems Engineering has developed a switch that, for the first time, is capable of performing at twice the operating frequency of current silicon-based devices, with a frequency range of up to 120 GHz, and without the need to apply a constant voltage.

The new switch uses a non-volatile material, called hBN (Hexagonal Boron Nitride), which allows its ON or OFF state to be activated by applying an electrical voltage pulse instead of a constant signal. In this way, the energy savings that can be attained are very significant.

"Our research team from the Department of Telecommunications and Systems Engineering at the UAB was involved in the design of the devices and their experimental characterisation in the laboratory," explains researcher Jordi Verdu. "For the first time we have been able to demonstrate the operation of a switch based on hBN, a non-volatile material, in a frequency range of up to 120 GHz, which suggests the possibility of using this technology in the new 6G mass communications systems, where a very high number of these elements will be required." For Verdu, this is a "very important contribution, not only from the point of view of device performance, but also towards a much more sustainable technology in terms of energy consumption."

These devices work thanks to the property of memristance, the change in electrical resistance of a material when a voltage is applied. Until now, very fast switches had been developed experimentally from memristors (devices with memristance) created with two-dimensional networks of hexagonal boron nitride (hBN) bonded together to form a surface. With this arrangement, the device frequency could reach up to 480 GHz, but only for 30 cycles, i.e., with no practical application. The new proposal uses the same material, but arranged in a superposition of layers (between 12 and 18 layers in total) that can operate at 260 GHz and with a sufficiently high stability of about 2000 cycles to be implemented in electronic devices.

The research, recently published in the journal Nature Electronics, was coordinated by the King Abdullah University of Science and Technology (KAUST) in Saudi Arabia, with the involvement of researchers from the Department of Telecommunications and Systems Engineering at the UAB Jordi Verdu, Eloi Guerrero, Lluis Acosta and Pedro de Paco, as well as researchers from the University of Texas at Austin (USA), the Tyndall National Institute and University College Cork (both in Ireland).
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Detecting defects in tomorrow's technology | ScienceDaily
Silicon computer chips have served us well for more than half a century. The tiniest features on chips currently sold are approximately 3 nanometers -- a startlingly small size given that a human hair is roughly 80,000 nanometers wide. Reducing the size of features on chips will help us meet our endless need for more memory and processing power in the palm of our hand. But the limit of what can be achieved with standard materials and processes is near.


						
Researchers at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) are applying their expertise in physics, chemistry and computer modeling to create the next generation of computer chips, aiming for processes and materials that will produce chips with smaller features.

"All of our existing electronic devices use chips made up of silicon, which is a three-dimensional material. Now, many companies are investing a lot in chips made up of two-dimensional materials," said Shoaib Khalid, an associate research physicist at PPPL. The materials actually exist in three dimensions, but they are so thin -- often made up of only a few layers of atoms -- that scientists have taken to calling them 2D.

Khalid, together with PPPL's Bharat Medasani and Anderson Janotti from the University of Delaware, investigated one potential silicon replacement: a 2D material known as a transition-metal dichalcogenide (TMD). Their new paper, published in the journal 2D Materials, details the variations that can occur in the atomic structure of TMDs, why they happen and how they affect the material. Information about these variations lays the groundwork for refining the processes needed to create next-generation computer chips. Ultimately, the goal is to design plasma-based manufacturing systems that can create TMD-based semiconductors made to the precise specifications required for the application.

TMD: A tiny metal sandwich

A TMD can be as thin as three atoms high. Think of it like a tiny metal sandwich. The bread is made of a chalcogen element: oxygen, sulfur, selenium or tellurium. The filling is a layer of transition metal -- any metal from groups 3 to 12 in the periodic table of elements.

A bulk TMD has five or more layers of atoms. The atoms are arranged in a crystal structure or lattice. Ideally, the atoms are organized in a precise and consistent pattern throughout the lattice. In reality, small alterations can be found in the pattern. One spot in the pattern might be missing an atom, or an atom might be found in an odd location. Scientists call these alterations defects, but they can have a beneficial impact on the material.




Some TMD defects, for example, can make the semiconductor more electrically conductive. Good or bad, it is critical that scientists understand why defects happen and how they will affect the material so they can incorporate or eliminate these defects as necessary. Understanding common defects also allows the researchers to explain the results from past experiments with TMDs.

"When bulk TMDs are made, they have excess electrons," Khalid said, adding that researchers were not sure why these excess negatively charged particles were present. "In this work, we explain that the excess electrons can be caused by hydrogen."

The researchers came to this conclusion after calculating the amount of energy that would be required to form different kinds of TMD defects. They looked at defects involving chalcogen vacancies, which were previously known to be present in TMDs, and defects involving hydrogen because this element is often present during the chip manufacturing process. Researchers are particularly interested in finding out which defects require minimal formation energy because these are the ones that are likely to occur -- it doesn't take much energy for them to happen!

The team then investigated the role of each of the low-formation-energy defects. Specifically, they wanted to know how each defect configuration might impact the electrical charge of the material. The researchers found that one of the defect configurations involving hydrogen provides excess electrons, which creates negatively charged semiconductor material, known as an n-type. Computer chips are made using combinations of n-type semiconductor material and positively charged, or p-type, material.

Shedding light on missing chalcogens

The other type of defect explored in the paper is known as a chalcogen vacancy: a missing atom of oxygen, sulfur, selenium or tellurium, depending on the type of TMD. The researchers focused on explaining the results of past experiments on flakes of the bulk TMD material molybdenum disulfide. The experiments, which involved shining light on the TMD, showed unexpected frequencies of light coming from the TMD. These unexpected frequencies, the researchers found, could be explained by the movement of electrons related to the chalcogen vacancy.

This model shows the spot where the missing chalcogen atoms should be, as represented by the black circle in the center of an otherwise undisturbed pattern of atoms. This view looks down on the middle layer of the TMD. (Image credit: Shoaib Khalid, Bharat Medasani and Anderson Janotti / PPPL and the University of Delaware)

"This is a common defect. They can often see it from the images of scanning tunneling microscopes when they grow the TMD film," Khalid said. "Our work provides a strategy to investigate the presence of these vacancies in the bulk TMDs. We explained past experimental results shown in molybdenum disulfide, and then we predicted a similar thing for other TMDs."

The process suggested by the researchers involves analyzing the TMD for defects using measurement techniques called photoluminescence to see which frequencies of light are emitted by the material. The peak frequency of light can be used to determine the electron configurations of the atoms in the TMD and the presence of chalcogen defects. The journal article includes information about the frequencies that would be emitted by five types of TMDs with chalcogen vacancies, including molybdenum disulfide. The results, therefore, provide a guideline for investigating chalcogen vacancies in future experiments.
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Researchers fabricate ultrastrong aluminum alloys for additive manufacturing | ScienceDaily
Purdue University material engineers have created a patent-pending process to develop ultrahigh-strength aluminum alloys that are suitable for additive manufacturing because of their plastic deformability.


						
Haiyan Wang and Xinghang Zhang lead a team that has introduced transition metals cobalt, iron, nickel and titanium into aluminum via nanoscale, laminated, deformable intermetallics. Wang is the Basil S. Turner Professor of Engineering and Zhang is a professor in Purdue's School of Materials Engineering. Anyu Shang, a materials engineering graduate student, completes the team.

"Our work shows that the proper introduction of heterogenous microstructures and nanoscale medium-entropy intermetallics offers an alternative solution to design ultrastrong, deformable aluminum alloys via additive manufacturing," Zhang said. "These alloys improve upon traditional ones that are either ultrastrong or highly deformable, but not both."

Wang and Zhang disclosed the innovation to the Purdue Innovates Office of Technology Commercialization, which has applied for a patent from the U.S. Patent and Trademark Office to protect the intellectual property.

The research has been published in the peer-reviewed journal Nature Communications. The National Science Foundation and the U.S. Office of Naval Research provided support for this work.

Drawbacks of traditional aluminum alloys

Lightweight, high-strength aluminum alloys are used in industries from aerospace to automobile manufacturing.




"However, most commercially available high-strength aluminum alloys cannot be used in additive manufacturing," Shang said. "They are highly susceptible to hot cracking, which creates defects that could lead to the deterioration of a metal alloy."

A traditional method to alleviate hot cracking during additive manufacturing is the introduction of particles that strengthen aluminum alloys by impeding the movements of dislocations.

"But the highest strength these alloys achieve is in the range of 300 to 500 megapascals, which is much lower than what steels can achieve, typically 600 to 1,000 megapascals," Wang said. "There has been limited success in producing high-strength aluminum alloys that also display beneficial large plastic deformability."

The Purdue method and its validation

The Purdue researchers have produced intermetallics-strengthened additive aluminum alloys by using several transition metals including cobalt, iron, nickel and titanium. Shang said these metals traditionally have been largely avoided in the manufacture of aluminum alloys.

"These intermetallics have crystal structures with low symmetry and are known to be brittle at room temperature," Shang said. "But our method forms the transitional metal elements into colonies of nanoscale, intermetallics lamellae that aggregate into fine rosettes. The nanolaminated rosettes can largely suppress the brittle nature of intermetallics."

Wang said, "Also, the heterogeneous microstructures contain hard nanoscale intermetallics and a coarse-grain aluminum matrix, which induces significant back stress that can improve the work hardening ability of metallic materials. Additive manufacturing using a laser can enable rapid melting and quenching and thus introduce nanoscale intermetallics and their nanolaminates."

The research team has conducted macroscale compression tests, micropillar compression tests and post-deformation analysis on the Purdue-created aluminum alloys.

"During the macroscale tests, the alloys revealed a combination of prominent plastic deformability and high strength, more than 900 megapascals. The micropillar tests displayed significant back stress in all regions, and certain regions had flow stresses exceeding a gigapascal," Shang said. "Post-deformation analyses revealed that, in addition to abundant dislocation activities in the aluminum alloy matrix, complex dislocation structures and stacking faults formed in monoclinic Al9Co2-type brittle intermetallics."
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It takes a cool microscope and antifreeze to really look at ice | ScienceDaily
Ice in nature is surrounded by liquid most of the time, and therefore it is key to understand how ice and liquid interact. A Kobe University and Institute for Molecular Science study could now for the first time directly observe the precise shape of ice at the interface between ice and liquid -- by using antifreeze and a refrigerated microscope.


						
When we slide on ice, when snowflakes form, when we lick ice cream, the surface of the ice is always covered with liquid water, and understanding the interaction between the liquid water and the ice is vital to understanding the whole phenomenon. However, because ice and water quickly transform into each other, it has been impossible to directly observe the interface between the two.

To get closer to understanding how ice interacts with its surrounding liquid, researchers led by Kobe University's ONISHI Hiroshi decided to try the next best thing. He says: "We came up with the idea of measuring ice immersed in antifreeze colder than 0degC. This way, the ice doesn't melt and the interface doesn't move, and it should be possible to make precise observations." Even so, the researchers struggled to get good measurements of the ice. "Through various trial and error processes, we found that we had to cool the entire microscope system in a cooling box, and it took some ingenuity to ensure that the atomic force microscope, a precision measuring instrument, could operate stably at sub-zero temperatures," explains the Kobe University researcher.

In The Journal of Chemical Physics, the group now published their results. They found that, while ice without surrounding liquid features so-called "frost pillars" about 20 nanometers tall, in antifreeze the ice is perfectly flat with occasional steps only one molecular layer high. "We think that the flat surface is formed through ... partial dissolution and recrystallization of the ice surface in the 1-octanol liquid (the antifreeze)," the researchers write in the paper.

Onishi and his team also tried different liquids, all alcohols like 1-octanol. And even though all liquids they tried have similar properties, they observed that the ice surface looks different in each case, underscoring the importance of directly measuring the interface. In addition, they investigated the "hardness" of the ice surface under 1-octanol and found that the ice is much harder than previously estimated using less direct methods.

The researchers hope that their results will invite further study of the ice-liquid interface, but they have also set clear goals for their own future work saying: "We expect to increase the resolution of the microscope to single water molecules and use measurement methods other than atomic force microscopy. In this way, we hope to expand the range of possible applications of molecular-level measurements of the ice-antifreeze interface."

This research was funded by the Ministry of Education, Culture, Sports, Science and Technology Japan (grants JPMXP1222MS0008 and JPMXP1223MS0001) and the Japan Society for the Promotion of Science (grants 21K18935 and 23H05448). It was conducted in collaboration with researchers from the Institute for Molecular Science, National Institutes of Natural Sciences.
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Engine wear risk as planes swallow more dust waiting to land | ScienceDaily
Planes flying into one of the world's busiest airports are ingesting around 10kg of dust per 1,000 flights -- with most of this dust ingested while they are waiting to land, new research has revealed.


						
Scientists used 17 years of ECMWF atmospheric data and data from the CALIPSO satellite to calculate the quantity of sand and dust swallowed by jet engines at ten major international airports located in desert regions or subject to seasonal dust storms.

The global study, published in the journal Natural Hazards and Earth System Sciences, found that the largest dust doses were ingested at airports close to the Sahara desert, the Middle East and Northern India, when dry and hot conditions drive large dust storms. Summer flights into Delhi topped the list, ingesting an average of 6.6g per arrival in the run up to monsoon season, and 4.4 grams upon departure.

Delhi is followed by Dubai and Niamey, Niger at 4.3g and 4.7g per arrival respectively, while flights into Beijing swallowed 2.9g on average.

Dr Claire Ryder, from the University of Reading and lead author of the study, said: "Dust and sand are dangerous to aircraft because dust melts to form glassy deposits on blades or hard mineral crusts inside engines. These crusts disrupt airflow and cause overheating, resulting in accelerated engine wear.

"Although the amount of dust ingested per flight is not huge, the amounts quickly add up. A plane consuming five grams of dust per arrival and departure will eat 10kg of dust over 1,000 flights. Planes will consume more dust when they are at lower altitudes waiting to land at, though this depends on the local weather conditions which affect the height of a dust plume in the atmosphere.

"Climate change may lead to a dustier world as temperatures rise and deserts expand, but we cannot say for sure -- yet. Climate models do not currently provide a consensus on whether global warming will mean a dustier world, as dust emissions depend on a lot of factors, such as soil moisture, precipitation, surface wind patterns and vegetation cover.




"Ongoing research at the University of Reading is working to improve the ability of climate models to predict dust emissions and transport through the atmosphere."

Holding patterns

The research team found that aircraft ingest more dust while they are performing holding patterns (which is the formation aircraft assume while pilots are waiting for permission to land). Greater quantities of dust are consumed at low holding patterns of one kilometre, where peak dust concentrations often occur.

Holding patterns of 10-15 minutes at a one-kilometre altitude can lead to more dust ingestion than during the take-off, climb and taxi phases of a flight. For example, at Delhi airport during summer, holding at 1km altitude contributes 50% of total dust ingestion. By changing the holding pattern altitude away from the dusty layers, dust ingestion could be cut by 41%.

The researchers also suggest dust exposure could be reduced by changing flight schedules to avoid peak dust times. Shifting flights at Delhi and Dubai to nighttime could reduce engine dust ingestion by more than 30%.
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Diagnosing different forms of dementia now possible using artificial intelligence | ScienceDaily
Ten million new cases of dementia are diagnosed each year but the presence of different dementia forms and overlapping symptoms can complicate diagnosis and delivery of effective treatments. Now researchers from Boston University have developed an AI tool that can diagnose ten different types of dementia such as vascular dementia, Lewy body dementia, and frontotemporal dementia, even if they co-occur.


						
The researchers created a multimodal Machine Learning (ML) framework that accurately identifies specific pathologies causing dementia using commonly collected clinical data, such as demographic information, patient- and family-level medical history, medication use, neurological and neuropsychological exam scores and neuroimaging data such as MRI scans.These findings appear online in Nature Medicine.

"Our generative AI tool enables differential dementia diagnosis using routinely collected clinical data, showing its potential as a scalable diagnostic tool for AD and related dementias," says corresponding author Vijaya B. Kolachalama, PhD, FAHA, associate professor of medicine at Boston University Chobanian & Avedisian School of Medicine. "The ability to generate diagnosis with routine clinical data is becoming increasingly important given the significant challenges in accessing gold-standard testing, not only in remote and economically developing regions and in urban healthcare centers," adds Kolachalama who also is an associate professor of computer science, affiliate faculty of Hariri Institute for Computing, and a founding member of the Faculty of Computing & Data Sciences at Boston University.

In the study, the multimodal ML framework was trained on data from more than 50,000 individuals from nine different global datasets. The model achieved an area under the receiver operating characteristic (ROC) curve of 0.96 in differentiating the dementia types. The ROC score can range from 0 to 1. A score of 0.5 indicates random guessing, and a score of 1 indicates perfect performance.

The team also compared the performance of neurologists and neuro-radiologists working alone versus with the AI tool, and found that AI can boost the accuracy of neurologists by more than 26% across all 10 dementia types. Using 100 randomly selected cases, 12 neurologists were asked to make a diagnosis and provide a confidence score between 0 to 100. This confidence score was then averaged with the probability score obtained by the AI tool to obtain an AI-augmented neurologist score.

"There aren't enough neurology experts around the world, and the number of patients needing their help is growing quickly. This mismatch is putting a big strain on the healthcare system. We believe AI can help by identifying these disorders early and assisting doctors in managing their patients more effectively, preventing the diseases from getting worse," says Kolachalama.

With dementia cases set to double in the next 20 years, the researchers hope that this AI tool can provide accurate differential diagnosis and support the increased demand in targeted therapeutic interventions for dementia.

This project was supported by grants from the Karen Toffler Charitable Trust, National Institute on Aging's Artificial Intelligence and Technology Collaboratories (P30-AG073014), the American Heart Association (20SFRN35460031), Gates Ventures, and the National Institutes of Health (R01-HL159620, R21-CA253498, R43-DK134273, RF1-AG062109, U19-AG068753, P20-GM130447, K23-NS075097, P50-AG047366, and R01-NS115114)
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Study projects major changes in North Atlantic and Arctic marine ecosystems due to climate change | ScienceDaily
New research predicts significant shifts in marine fish communities in the North Atlantic and Arctic Oceans as a result of climate warming.


						
The Nord University-led study projects a change in key fish biomass and suggests that Arctic demersal fish will be at risk of local extinction by the end of the century if no climate refugia is available at eastern latitudes.

The international team of experts, involving Newcastle University experts, analysed data from 16,345 fishery-independent trawls conducted between 2004 and 2022, focusing on 107 marine fish species in the northeast Atlantic, including the Barents Sea. They used advanced modelling techniques to project changes in species distribution and biomass under three future climate scenarios for the years 2050 and 2100.

Published in the journal Nature Communications, the findings show that while some warmer-water fish are moving into the Arctic, they won't fully replace the loss of traditional Arctic species. This shift may result in fewer fish overall, especially of the presently most abundant species, despite an increase in the number of species.

The findings show an overall increase in species richness but a decline in the most abundant species within the community. Warmer-water species are expected to expand their ranges northwards, while colder-water species retract.

The international study involved experts from Nord University, Bodo, Norway; the Institute of Marine Sciences (ICM-CSIC), Barcelona, Spain, Ecopath International Initiative (EII), Barcelona, Spain and Newcastle University, United Kingdom.

Dr Cesc Gordo Vilaseca, of Nord University's Faculty of Biosciences and Aquaculture, is the study first author. He said, "Climate Warming is happening in the Arctic Barents Sea faster than anywhere else, and our study suggests structural changes in the fish community as a result. More observations on these changes in the years to come will help fisheries adapt to the effect of climate warming of biodiversity."

Dr Fabrice Stephenson, of Newcastle University's School of Natural and Environmental Sciences, said "Given the large changes we predict under future climactic conditions, it's really important that future fishery management strategies and marine protected area planning consider shifts in species biomass dynamics and distributions. The research team is currently exploring these important considerations as part of on-going project.
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Chemistry inspired by one-pot cooking | ScienceDaily
Is it possible to create a new class of materials from very different substances using the "one-pot synthesis" approach? Chemists at the University of Konstanz explain how they enable the synthesis of such novel materials.


						
People have long dreamt of developing materials to circumvent the challenges of daily life. Ideally, one could capitalize on a combination of the features of different materials, profiting from their advantages while avoiding the disadvantages. In chemistry, this concept has been applied to hybrid materials, particularly with the combination of organic and inorganic compounds.

Organic materials are known for their functional diversity, while inorganic materials offer superior stability. However, the fusion of organic and inorganic substances poses significant challenges due to the differing reaction conditions required for their formation. The research team led by Professor Miriam Unterlass at the University of Konstanz employs a method that balances these contrasting conditions, allowing the reactions to occur simultaneously and synergistically in a single reaction vessel. Chemists have named this method "one-pot synthesis."

The researchers have fine-tuned this method to achieve optimal reaction conditions, akin to cooking a perfect one-pot meal, where each ingredient must be prepared just to the right state. Key to their success is the precise control of pressure, temperature, and time, along with the right selection of available ingredients, or as chemists call them, starting materials.

"The beauty of our approach lies in its simplicity," says Frank Sailer, who played a significant role in one-pot synthesis while pursuing his doctoral thesis. "We avoid toxic catalysts and solvents, using only isopropanol, a common disinfectant, as a solvent. This makes our process both sustainable and environmentally friendly." The resulting materials, named pigment@TiO2 are composed of special colorant molecules, known as organic pigments, and layered titanium dioxide. Are the results of one-pot synthesis truly the best of both worlds? Actually, they are much more than that. Frank Sailer describes it this way: "We don't just want to achieve a sum of all the properties of both individual components but new, synergetic properties that none of the individual materials exhibits." These synergistic properties make pigment@TiO2 materials particularly suitable for battery applications.

Why was this approach not employed to make such hybrid materials in the past? "This is because the idea is very unusual. The organic components are typically not synthesized under the employed reaction conditions," Frank Sailer explains.

Finding such materials and reaction pathways is one of the research goals pursued by Miriam Unterlass' research team. They study how chemical synthesis processes can be optimized to lead to better, more sustainable advanced materials. "We aim to produce better materials faster and in a more environmentally friendly way," says Miriam Unterlass.
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Researcher finds lithium ion batteries a growing source of pollution | ScienceDaily
Texas Tech University's Jennifer Guelfo was part of a research team that found the use of a novel sub-class of per- and polyfluoroalkyl (PFAS) in lithium ion batteries is a growing source of pollution in air and water.


						
The findings were published in a peer-reviewed study in Nature Communications.

Testing by the research team further found these PFAS, called bis-perfluoroalkyl sulfonimides (bis-FASIs), demonstrate environmental persistence and ecotoxicity comparable to older notorious compounds like perfluorooctanoic acid (PFOA).

Lithium ion batteries are a key part of the growing clean energy infrastructure, with uses in electric cars and electronics, and demand is anticipated to grow exponentially over the next decade.

"Our results reveal a dilemma associated with manufacturing, disposal, and recycling of clean energy infrastructure," said Guelfo, an associate professor of environmental engineering in the Edward E. Whitacre Jr. College of Engineering. "Slashing carbon dioxide emissions with innovations like electric cars is critical, but it shouldn't come with the side effect of increasing PFAS pollution. We need to facilitate technologies, manufacturing controls and recycling solutions that can fight the climate crisis without releasing highly recalcitrant pollutants."

The researchers sampled air, water, snow, soil and sediment near manufacturing plants in Minnesota, Kentucky, Belgium and France. The bis-FASI concentrations in these samples were commonly at very high levels. Data also suggested air emissions of bis-FASIs may facilitate long-range transport, meaning areas far from manufacturing sites may be affected as well. Analysis of several municipal landfills in the southeastern U.S. indicated these compounds can also enter the environment through disposal of products, including lithium ion batteries.

Toxicity testing demonstrated concentrations of bis-FASIs similar to those found at the sampling sites can change behavior and fundamental energy metabolic processes of aquatic organisms. Bis-FASI toxicity has not yet been studied in humans, though other, more well-studied PFAS are linked to cancer, infertility and other serious health harms.




Treatability testing showed bis-FASIs did not break down during oxidation, which has also been observed for other PFAS. However, data showed concentrations of bis-FASIs in water could be reduced using granular activated carbon and ion exchange, methods already used to remove PFAS from drinking water.

"These results illustrate that treatment approaches designed for PFOA and PFOS (perfluorooctanesulfonic acid) can also remove bis-FASIs," said study author Lee Ferguson, associate professor of environmental engineering at Duke University. "Use of these approaches is likely to increase as treatment facilities are upgraded to comply with newly enacted EPA Maximum Contaminant Levels for PFAS."

Guelfo and Ferguson emphasize this is a pivotal time for adoption of clean energy technologies that can reduce carbon dioxide emissions.

"We should harness the expertise of multi-disciplinary teams of scientists, engineers, sociologists, and policy makers to develop and promote use of clean energy infrastructure while minimizing the environmental footprint," Ferguson said.

"We should use the momentum behind current energy initiatives to ensure that new energy technologies are truly clean," Guelfo added.

Texas Tech University's Jennifer Guelfo was part of a research team that found the use of a novel sub-class of per- and polyfluoroalkyl (PFAS) in lithium ion batteries is a growing source of pollution in air and water.




The findings were published in a peer-reviewed study in Nature Communications.

Testing by the research team further found these PFAS, called bis-perfluoroalkyl sulfonimides (bis-FASIs), demonstrate environmental persistence and ecotoxicity comparable to older notorious compounds like perfluorooctanoic acid (PFOA).

Lithium ion batteries are a key part of the growing clean energy infrastructure, with uses in electric cars and electronics, and demand is anticipated to grow exponentially over the next decade.

"Our results reveal a dilemma associated with manufacturing, disposal, and recycling of clean energy infrastructure," said Guelfo, an associate professor of environmental engineering in the Edward E. Whitacre Jr. College of Engineering. "Slashing carbon dioxide emissions with innovations like electric cars is critical, but it shouldn't come with the side effect of increasing PFAS pollution. We need to facilitate technologies, manufacturing controls and recycling solutions that can fight the climate crisis without releasing highly recalcitrant pollutants."

The researchers sampled air, water, snow, soil and sediment near manufacturing plants in Minnesota, Kentucky, Belgium and France. The bis-FASI concentrations in these samples were commonly at very high levels. Data also suggested air emissions of bis-FASIs may facilitate long-range transport, meaning areas far from manufacturing sites may be affected as well. Analysis of several municipal landfills in the southeastern U.S. indicated these compounds can also enter the environment through disposal of products, including lithium ion batteries.

Toxicity testing demonstrated concentrations of bis-FASIs similar to those found at the sampling sites can change behavior and fundamental energy metabolic processes of aquatic organisms. Bis-FASI toxicity has not yet been studied in humans, though other, more well-studied PFAS are linked to cancer, infertility and other serious health harms.

Treatability testing showed bis-FASIs did not break down during oxidation, which has also been observed for other PFAS. However, data showed concentrations of bis-FASIs in water could be reduced using granular activated carbon and ion exchange, methods already used to remove PFAS from drinking water.

"These results illustrate that treatment approaches designed for PFOA and PFOS (perfluorooctanesulfonic acid) can also remove bis-FASIs," said study author Lee Ferguson, associate professor of environmental engineering at Duke University. "Use of these approaches is likely to increase as treatment facilities are upgraded to comply with newly enacted EPA Maximum Contaminant Levels for PFAS."

Guelfo and Ferguson emphasize this is a pivotal time for adoption of clean energy technologies that can reduce carbon dioxide emissions.

"We should harness the expertise of multi-disciplinary teams of scientists, engineers, sociologists, and policy makers to develop and promote use of clean energy infrastructure while minimizing the environmental footprint," Ferguson said.

"We should use the momentum behind current energy initiatives to ensure that new energy technologies are truly clean," Guelfo added.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240708222418.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Stench of a gas giant? Nearby exoplanet reeks of rotten eggs, and that's a good thing | ScienceDaily
An exoplanet infamous for its deadly weather has been hiding another bizarre feature -- it reeks of rotten eggs, according to a new Johns Hopkins University study of data from the James Webb Space Telescope.


						
The atmosphere of HD 189733 b, a Jupiter-sized gas giant, has trace amounts of hydrogen sulfide, a molecule that not only gives off a stench but also offers scientists new clues about how sulfur, a building block of planets, might influence the insides and atmospheres of gas worlds beyond the solar system.

The findings are published today in Nature.

"Hydrogen sulfide is a major molecule that we didn't know was there. We predicted it would be, and we know it's in Jupiter, but we hadn't really detected it outside the solar system," said Guangwei Fu, an astrophysicist at Johns Hopkins who led the research. "We're not looking for life on this planet because it's way too hot, but finding hydrogen sulfide is a stepping stone for finding this molecule on other planets and gaining more understanding of how different types of planets form."

In addition to detecting hydrogen sulfide and measuring overall sulfur in HD 189733 b's atmosphere, Fu's team precisely measured the main sources of the planet's oxygen and carbon -- water, carbon dioxide, and carbon monoxide.

"Sulfur is a vital element for building more complex molecules, and -- like carbon, nitrogen, oxygen, and phosphate -- scientists need to study it more to fully understand how planets are made and what they're made of," Fu said.

At only 64 light-years from Earth, HD 189733 b is the nearest "hot Jupiter" astronomers can observe passing in front of its star, making it a benchmark planet for detailed studies of exoplanetary atmospheres since its discovery in 2005, Fu said.




The planet is about 13 times closer to its star than Mercury is to the sun and takes only about two Earth days to complete an orbit. It has scorching temperatures of 1,700 degrees Fahrenheit and is notorious for vicious weather, including raining glass that blows sideways on winds of 5,000 mph.

As it did by detecting water, carbon dioxide, methane, and other critical molecules in other exoplanets, Webb gives scientists yet another new tool to track hydrogen sulfide and measure sulfur in gas planets outside the solar system.

"Say we study another 100 hot Jupiters and they're all sulfur enhanced. What does that mean about how they were born and how they form differently compared to our own Jupiter?" Fu said.

The new data also ruled out the presence of methane in HD 189733 b with unprecedented precision and infrared wavelength observations from the Webb telescope, countering previous claims about that molecule's abundance in the atmosphere.

"We had been thinking this planet was too hot to have high concentrations of methane, and now we know that it doesn't," Fu said.

The team also measured levels of heavy metals like those on Jupiter, a finding that could help scientists answer questions about how a planet's metallicity correlates to its mass, Fu said.




Less-massive giant icy planets like Neptune and Uranus contain more metals than those found in gas giants like Jupiter and Saturn, the largest planets in the solar system. The higher metallicities suggest Neptune and Uranus accumulated more ice, rock, and other heavy elements relative to gases like hydrogen and helium during early periods of formation. Scientists are testing whether that correlation also holds true for exoplanets, Fu said.

"This Jupiter-mass planet is very close to Earth and has been very well studied. Now we have this new measurement to show that indeed the metal concentrations it has provide a very important anchor point to this study of how a planet's composition varies with its mass and radius," Fu said. "The findings support our understanding of how planets form through creating more solid material after initial core formation and then are naturally enhanced with heavy metals."

In coming months, Fu's team plans to track sulfur in more exoplanets and figure out how high levels of that compound might influence how close they form near their parent stars.

"We want to know how these kinds of planets got there, and understanding their atmospheric composition will help us answer that question," Fu said.

This research was supported by NASA through the JWST GO program.

Other authors are Luis Welbanks, Dana R. Louie, and Michael Line of Arizona State University; Drake Deming, Jegug Ih, Arjun B. Savel, Eliza M.-R. Kempton, and Matt Nixon of University of Maryland; Julie Inglis and Heather A. Knutson of California Institute of Technology; Michael Zhang of University of Chicago; Joshua Lothringer of Utah Valley University; Julianne I. Moses and Gregory Henry of Tennessee State University; Everett Schlawin of University of Arizona; David K. Sing of Johns Hopkins; and Thomas Greene of NASA Ames Research Center.
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Employees prefer human performance monitors over AI, study finds | ScienceDaily
Organizations using AI to monitor employees' behavior and productivity can expect them to complain more, be less productive and want to quit more -- unless the technology can be framed as supporting their development, Cornell University research finds.


						
Surveillance tools cause people to feel a greater loss of autonomy than oversight by humans, according to the research. Businesses and other organizations using the fast-changing technologies to evaluate employee behaviors should consider their unintended consequences, which may prompt resistance and hurt performance, the researchers say. They also suggest an opportunity to win buy-in, if the subjects of surveillance feel the tools are there to assist rather than judge their performance -- assessments they fear will lack context and accuracy.

"When artificial intelligence and other advanced technologies are implemented for developmental purposes, people like that they can learn from it and improve their performance," said Emily Zitek, associate professor of organizational behavior. "The problem occurs when they feel like an evaluation is happening automatically, straight from the data, and they're not able to contextualize it in any way."

Zitek is the co-author of "Algorithmic Versus Human Surveillance Leads to Lower Perceptions of Autonomy and Increased Resistance." Rachel Schlund is first author.

The researchers conducted four experiments involving nearly 1,200 total participants. In a first study, when asked to recall and write about times when they were monitored and evaluated by either surveillance type, participants reported feeling less autonomy under AI and were more likely to engage in "resistance behaviors."

A pair of studies asked participants to work as a group to brainstorm ideas for a theme park, then to individually generate ideas about one segment of the park. They were told their work would be monitored by a research assistant or AI -- the latter represented in Zoom videoconferences as "AI Technology Feed." After several minutes, either the human assistant or "AI" relayed messages that the participants weren't coming up with enough ideas and should try harder. In surveys following one study, more than 30% of participants criticized the AI surveillance compared to about 7% who were critical of the human monitoring.

Beyond complaints and criticism, the researchers found that those who thought they were being monitored by AI generated fewer ideas -- indicating worse performance.

"Even though the participants got the same message in both cases that they needed to generate more ideas, they perceived it differently when it came from AI rather than the research assistant," Zitek said. "The AI surveillance caused them to perform worse in multiple studies."

In a fourth study, participants imagining they worked in a call center were told that humans or AI would analyze a sample of their calls. For some, the analysis would be used to evaluate their performance; for others, to provide developmental feedback. In the developmental scenario, participants no longer perceived algorithmic surveillance as infringing more on their autonomy and did not report a greater intention to quit.

"Organizations trying to implement this kind of surveillance need to recognize the pros and cons," Zitek said. "They should do what they can to make it either more developmental or ensure that people can add contextualization. If people feel like they don't have autonomy, they're not going to be happy."
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New extremely fast carbon storage technology | ScienceDaily
A new way to store carbon captured from the atmosphere developed by researchers from The University of Texas at Austin works much faster than current methods without the harmful chemical accelerants they require.


						
In new research published in ACS Sustainable Chemistry & Engineering, the team developed a technique for ultrafast formation of carbon dioxide hydrates. These unique ice-like materials can bury carbon dioxide in the ocean, preventing it from being released into the atmosphere.

"We're staring at a huge challenge -- finding a way to safely remove gigatons of carbon from our atmosphere -- and hydrates offer a universal solution for carbon storage. For them to be a major piece of the carbon storage pie, we need the technology to grow them rapidly and at scale," said Vaibhav Bahadur, a professor in the Walker Department of Mechanical Engineering who led the research. "We've shown that we can quickly grow hydrates without using any chemicals that offset the environmental benefits of carbon capture."

Carbon dioxide is the most common greenhouse gas and a major driver of climate change. Carbon capture and sequestration takes carbon out of the atmosphere and stores it permanently. And it is seen as a critical aspect of decarbonizing our planet.

Today, the most common carbon storage method involves injecting carbon dioxide into underground reservoirs. This technique has the dual benefits of trapping carbon and also increasing oil production.

However, this technique faces significant issues, including carbon dioxide leakage and migration, groundwater contamination and seismic risks associated with injection. Many parts of the world also lack suitable geologic features for reservoir injection.

Hydrates represent a "plan B" for gigascale carbon storage, Bahadur said, but they could become "plan A" if some of the main issues can be overcome. Until now, the process of forming these carbon-trapping hydrates has been slow and energy-intensive, holding it back as a large-scale means of carbon storage.




In this new study, the researchers achieved a sixfold increase in the hydrate formation rate compared with previous methods. The speed combined with the chemical-free process make it easier to use these hydrates for mass-scale carbon storage.

Magnesium represents the "secret sauce" in this research, acting as a catalyst that eliminates the need for chemical promoters. This is aided by high flow rate bubbling of CO2 in a specific reactor configuration. This technology works well with seawater, which makes it easier to implement because it doesn't rely on complex desalination processes to create fresh water.

"Hydrates are attractive carbon storage options since the seabed offers stable thermodynamic conditions, which protects them from decomposing." Bahadur said. "We are essentially making carbon storage available to every country on the planet that has a coastline; this makes storage more accessible and feasible on a global scale and brings us closer to achieving a sustainable future."

The implications of this breakthrough extend beyond carbon sequestration. Ultrafast formation of hydrates has potential applications in desalination, gas separation and gas storage, offering a versatile solution for various industries. 

The researchers and UT have filed for a pair of patents related to the technology, and the team is considering a startup to commercialize it.
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Innovative, highly accurate AI model can estimate lung function just by using chest x-rays | ScienceDaily
If there is one medical exam that everyone in the world has taken, it's a chest x-ray. Clinicians can use radiographs to tell if someone has tuberculosis, lung cancer, or other diseases, but they can't use them to tell if the lungs are functioning well.


						
Until now, that is.

In findings published in The Lancet Digital Health, a research group led by Associate Professor Daiju Ueda and Professor Yukio Miki at Osaka Metropolitan University's Graduate School of Medicine has developed an artificial intelligence model that can estimate lung function from chest radiographs with high accuracy.

Conventionally, lung function is measured using a spirometer, which requires the cooperation of the patient, who is given specific instructions on how to inhale and exhale into the instrument. Accurate evaluation of the measurements is difficult if the patient has a hard time following instructions, which can occur with infants or persons with dementia, or if the person is prone.

Professor Ueda and the research group trained, validated, and tested the AI model using over 140,000 chest radiographs from a nearly 20-year period. They compared the actual spirometric data to the AI model's estimates to fine-tune its performance. The results showed a remarkably high agreement rate, with a Pearson's correlation coefficient (r) of more than 0.90, indicating that the method is sufficiently promising for practical use.

The AI model developed in this study has the potential to expand the options for pulmonary function assessment for patients who have difficulty performing spirometry.

"Highly significant is the fact that just by using the static information from chest x-rays, our method suggests the possibility of accurately estimating lung function, which is normally evaluated through tests requiring the patients to exert physical energy," Professor Ueda explained. "This AI model was built through the cooperation of many people, from physicians, researchers, and technicians to patients at several institutions. If it can help lessen the burden on patients while also reducing medical costs, that would be a wonderful thing."
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New bio-based tool quickly detects concerning coronavirus variants | ScienceDaily
Cornell University researchers have developed a bioelectric device that can detect and classify new variants of coronavirus to identify those that are most harmful. It has the potential to do the same with other viruses, as well.


						
The sensing tool uses a cell membrane, aka biomembrane, on a microchip that recreates the cellular environment for -- and the biological steps of -- infection. This enables researchers to quickly characterize variants of concern and parse the mechanics that drive the disease's spread, without getting bogged down by the complexity of living systems.

"In the news, we see these variants of concern emerge periodically, like delta, omicron and so on, and it kind of freaks everyone out. The first thoughts are, 'Does my vaccine cover this new variant? How concerned should I be?'" said Susan Daniel, professor of chemical engineering, and senior author of the paper published in Nature Communications. "It takes a little while to determine if a variant is a true cause for concern or if it will just it fizzle out."

While plenty of biological elements have been put on microchips, from cells to organelles and organ-like structures, the new platform differs from those devices because it actually recapitulates the biological cues and processes that lead to the initiation of an infection at the cellular membrane of a single cell. In effect, it fools a variant into behaving as if it is in an actual cellular system of its potential host.

"There could potentially be a correlation between how well a variant can deliver its genome across the biomembrane layer and how concerning that variant can be in terms of its ability to infect humans," Daniel said. "If it's able to release its genome very effectively, perhaps that's an indicator that a variant of concern should be something we should monitor closely or formulate a new vaccine that includes it. If it doesn't release it very well, then maybe that variant of concern is something less worrisome. The key point is we need to classify these variants quickly so we can make informed decisions, and we can do this really fast with our devices. These assays take minutes to run, and it's 'label-free,' meaning you don't actually have to tag the virus to monitor its progress."

Because the researchers are able to faithfully recreate the biological conditions and cues that activate a virus, they can also change those cues and see how the virus responds.

"In terms of understanding the basic science of how infection occurs and what cues can assist or hinder it, this is a unique tool," Daniel said. "Because you can decouple many aspects of the reaction sequence, and identify what factors promote or impede infection."

The platform can be tailored for other viruses, such as influenza and measles, so long as the researchers know what cell type has the propensity to be infected, as well as what biological idiosyncrasies allow a specific infection to flourish. For example, influenza requires a pH drop to trigger its hemagglutinin, and coronavirus has an enzyme that activates its spike protein.




"Every virus has its own way of doing things. And you need to know what they are to replicate that infection process on chip," Daniel said. "But once you know them, you can build the platform out to accommodate any of those specific conditions."

Co-authors include doctoral student Ambika Pachaury; and Konstantinos Kallitsis and Zixuan Lu of University of Cambridge.

The research was supported by the Defense Advanced Research Projects Agency (DARPA), the Army Research Office, Cornell's Smith Fellowship for Postdoctoral Innovation, the Schmidt Futures program and the National Science Foundation.
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Hexagonal perovskite oxides: Electrolytes for next-generation protonic ceramic fuel cells | ScienceDaily
A new study presents a significant advancement in fuel cell technology. Researchers from Tokyo Tech identified hexagonal perovskite-related Ba5R2Al2SnO13 oxides (R = rare earth metal) as materials with exceptionally high proton conductivity and thermal stability. Their unique crystal structure and large number of oxygen vacancies enable full hydration and high proton diffusion, making these materials ideal candidates as electrolytes for next-generation protonic ceramic fuel cells that can operate at intermediate temperatures without degradation.


						
Fuel cells offer a promising solution for clean energy by combining hydrogen and oxygen to generate electricity, with only water and heat produced as byproducts. They consist of an anode, a cathode, and an electrolyte. Hydrogen gas is introduced at the anode where it splits into protons (H+) and electrons. The electrons create an electric current, while the protons migrate through the electrolyte to the cathode, where they react with oxygen to form water. Most fuel cells are solid oxide fuel cells (SOFCs), which use oxide ion conductors as electrolytes. However, a major challenge with SOFCs is the high operating temperatures required, leading to material degradation over time. To address this, protonic ceramic fuel cells (PCFCs) that use proton-conducting ceramic materials as electrolytes are being explored. These fuel cells can operate at intermediate, more manageable temperatures of 200-500 degC. However, finding suitable materials that exhibit both high proton conductivity and chemical stability at these intermediate temperatures remains a challenge.

In a study published in the Journal of the American Chemical Society, researchers led by Professor Masatomo Yashima from Tokyo Institute of Technology (Tokyo Tech), in collaboration with researchers from Tohoku University, have made a significant breakthrough. They identified chemically stable hexagonal perovskite-related oxides Ba5R2Al2SnO13 (where R represents rare earth metals Gd, Dy, Ho, Y, Er, Tm, and Yb) as promising electrolyte materials with a high proton conductivity of almost 0.01 S cm[?]1, which is notably higher than that of other proton conductors around 300 oC.

"In this work, we have discovered one of the highest proton conductors among ceramic proton conductors: novel hexagonal perovskite-related oxide Ba5Er2Al2SnO13, which would be a breakthrough for the development of fast proton conductors," says Yashima.

The high proton conductivity of the material is attributed to the full hydration in highly oxygen deficient material with a unique crystal structure. The structure can be visualized as a stacking of octahedral layers and oxygen-deficient hexagonal close-packed AO3-d(h') layers (A is a large cation such as Ba2+ and d represents the amount of oxygen vacancies). When hydrated, these vacancies are fully occupied by the oxygens from the water molecules to form hydroxyl groups (OH[?]), releasing protons (H+) which migrate through the structure, enhancing conductivity.

In their study, the researchers synthesized Ba5Er2Al2SnO13 (BEAS) using solid-state reactions. The material had a large amount of oxygen vacancies (d = 0.2) and exhibited a fractional water uptake of 1, indicating its capacity for full hydration. When tested, its conductivity in a wet nitrogen environment was found to be 2,100 times higher than in a dry nitrogen environment at 356 degC. When fully hydrated, it achieved a conductivity of 0.01 S cm[?]1 at 303 degC.

Moreover, the arrangement of atoms in the octahedral layers provides paths for proton migration, further increasing proton conductivity. In simulations of Ba5Er2Al2SnO13*H2O, the researchers studied proton movement in a 2x2x1 supercell of the crystal structure, represented by Ba40Er16Al16Sn8O112H16. This structure included two h' layers and two octahedral layers. The researchers found that protons in the octahedral layer showed long-range migrations of protons, indicating fast proton diffusion.

"The high proton conductivity of BEAS is attributed to its high proton concentration and diffusion coefficient," explains Yashima.

In addition to its high conductivity, the material is also chemically stable at the operating temperatures of PCFCs. Upon annealing the material under wet atmospheres of oxygen, air, hydrogen, and CO2 at 600 degC, the researchers observed no changes in its composition and structure, indicating the material's robust stability and suitability for continuous operation without degradation.

"These findings open new avenues for proton conductors. The high proton conductivity via full hydration and fast proton migration in octahedral layers in highly oxygen-deficient hexagonal perovskite-related materials would be an effective strategy for developing next-generation proton conductors," says Yashima. With its exceptional properties, this material could lead to efficient, durable, and lower-temperature fuel cells.
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Visualizing short-lived intermediate compounds produced during chemical reactions | ScienceDaily
Immobilizing small synthetic molecules inside protein crystals proves to be a promising avenue for studying intermediate compounds formed during chemical reactions, report scientists from Tokyo Tech. By integrating this method with time-resolved serial femtosecond crystallography, they successfully visualized reaction dynamics and rapid structural changes occurring within reaction centers immobilized inside protein crystals. This innovative strategy holds significant potential for the intelligent design of drugs, catalysts, and functional materials.


						
Most complex chemical reactions, whether synthetic or biological, do not involve a direct transformation of reactants into products. Instead, they often proceed through the formation of short-lived intermediate compounds that undergo further reactions until the final products are obtained. Understanding these stepwise processes in detail is crucial for advancements in fields such as energy generation, catalysis, and medicine.

However, visualizing short-lived intermediates in chemical reactions is quite challenging, especially if one needs to capture structural changes in a molecule at the atomic level. One cutting-edge method to achieve this is time-resolved serial femtosecond crystallography (TR-SFX). This technique involves shooting extremely fast electron laser pulses at crystalized molecular structures and capturing the ensuing diffraction patterns. These molecular structures are in various stages of a chemical reaction, allowing the reaction dynamics to be recorded. Despite its astonishing capabilities, the use of TR-SFX thus far has been mostly limited to biomacromolecules.

To extend the applications of this powerful technique and showcase its potential for other types of molecules, a research team from Japan, led by Professor Takafumi Ueno, decided to use it to analyze reactions in synthetic compounds. Using an innovative approach, they successfully captured the dynamics of carbon monoxide (CO) release from Mn(CO)3. Their study was published on <date placeholder> in Nature Communications.

One significant limitation that the researchers had to overcome is the fact that TR-SFX works best with microcrystals, such as those formed by biomacromolecules. Additionally, although small molecules can form crystals suitable for TR-SFX, these crystals are generally tightly packed, leaving little room for reactions to occur.

To address these issues, the team developed an innovative strategy based around hen egg-white lysozyme (HEWL). This naturally occurring protein not only crystallizes into a nanoporous structure suitable for TR-SFX, but also contains His15 terminals that bind strongly to metals. The researchers took advantages of these properties to immobilize a light-sensitive Mn(CO)3-containing compound inside HEWL crystals. This setup provided a suitable environment for studying CO release reactions, which were triggered by shooting light pulses at the crystals at carefully controlled time intervals relative to the TR-SFX electron laser pulses.

Overall, this protocol proved highly promising for investigating the target reaction by analyzing changes in electron density maps obtained via TR-SFX. "After CO release, Mn centers typically undergo dimerization, aerial oxidation or precipitation in solution, which complicates mechanistic investigations. In our work, by isolating the Mn reaction centers in a restricted protein environment, we enabled a detailed experimental analysis of the intermediates generated during the progression of the reaction," explains Ueno.

Worth noting, the experimental results were in excellent agreement with quantum mechanical calculations, validating the proposed strategy. "We have established that, by using protein crystals as a matrix, the reactions of synthetic metal complex can be studied, including the determination of any intermediate structures," concludes Ueno, "This advancement holds the potential to facilitate the design of artificial metalloenzymes with precise mechanisms, empowering the design, control, and development of innovative reactions."

In conclusion, the method developed in this work provides an avenue for the smart design of new drugs, catalysts, and enzymatic systems involving non-biological components. Let us hope this new tool pushes many applied fields further towards next-generation technologies!
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Ionic liquids: 'Don't shake it' | ScienceDaily
Products with sediment, such as soy milk, typically indicate on their packaging that the mixture should be shaken well before drinking. However, there are times when it is preferable not to mix everything together. Recently, a team of researchers from Pohang University of Science and Technology (POSTECH), the Korea Research Institute of Chemical Technology, and Chonnam National University has developed a technique to separate well-mixed mixtures, and this innovation is gaining attention in the academic community.


						
The research team led by Professor Jee-hoon Han from the Department of Chemical Engineering at POSTECH collaborated with Director Ji Hoon Park, Principal Researcher Soo Min Kim, and Researcher Myungho Choi from CO2 & Energy Research Center at the Korea Research Institute of Chemical Technology, and Chonnam National University Professor Jaewon Byun to create a process technology for the efficient synthesis and purification of ionic liquids. Their research was recently featured as the cover paper in the online edition of Industrial & Engineering Chemistry Research (I&EC Research), an international journal in the field of chemical engineering.

Ionic liquids are salts that remain in a liquid state at room temperature or even at relatively low temperatures due to strong electrical interactions between their ions. Unlike common salts, they possess unique properties such as nonflammability, low volatility, and thermal and chemical stability, making them valuable for various industrial applications including catalysts and electrolytes.

One of the most studied ionic liquids is [bmim][BF4], known for its high stability and low toxicity. However, the complex and expensive process of removing impurities such as lithium chloride (LiCl) during synthesis has been a significant barrier to the technology's commercialization.

In this study, the researchers employed halocarbon refrigerants -- specifically, chlorodifluoromethane (Rf-22) -- to synthesize the ionic liquid [bmim][BF4] more economically and efficiently than traditional methods. By using Rf-22 as a phase separation mediator, they were able to induce a mixture containing methylimidazole to separate into two distinct layers, similar to the separation of oil and water.

The team observed phase separation by varying the ratios of [bmim][BF4], water, and halocarbon mixtures. They then applied the collected data to a ternary phase diagram model. This model visually represents the composition and phases of a mixture containing three different components and is used to predict the phase formed based on the proportions of each ingredient.

Using the ternary phase diagram modeling, the researchers successfully produced high-purity [bmim][BF4] with a purity exceeding 99%. Additionally, they were able to effectively recover and recycle the layer containing methylimidazole which did not participate in the synthesis reaction.

The team then conducted process simulations to evaluate the economic feasibility of the purification technology developed in this study. Based on a cost analysis for producing 1 ton of [bmim][BF4] per day, they determined that the minimum selling price would be about $12,000 per ton. This is more competitive than existing process technologies, demonstrating the potential for commercializing the technology.

Professor Jee-hoon Han of POSTECH stated, "We hope this research will advance the commercialization of ionic liquids and provide practical industrial solutions based on our understanding of these substances." Principal Researcher Soo Min Kim from the Korea Research Institute of Chemical Technology expressed the significance of the research by saying, "This technique can also be applied to other solvents, enabling the synthesis of a wide range of high-purity ionic liquids."

The research was conducted with support the Young Researcher Program of the Ministry of Science and ICT and the Basic Program of Korea Research Institute of Chemical Technology.
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Fresh wind blows from historical supernova | ScienceDaily
A mysterious remnant from a rare type of supernova recorded in 1181 has been explained for the first time. Two white dwarf stars collided, creating a temporary "guest star," now labeled supernova (SN) 1181, which was recorded in historical documents in Japan and elsewhere in Asia. However, after the star dimmed, its location and structure remained a mystery until a team pinpointed its location in 2021. Now, through computer modeling and observational analysis, researchers have recreated the structure of the remnant white dwarf, a rare occurrence, explaining its double shock formation. They also discovered that high-speed stellar winds may have started blowing from its surface within just the past 20-30 years. This finding improves our understanding of the diversity of supernova explosions, and highlights the benefits of interdisciplinary research, combining history with modern astronomy to enable new discoveries about our galaxy.


						
It is the year 1181 and in Japan the Genpei War (1180-85) has recently begun. It will lead to a shift in political power from aristocratic families to the new military-based shogunate, which will establish itself in the coastal city of Kamakura near modern-day Tokyo. A record of this tumultuous period was compiled in a diary format in the Azuma Kagami. It chronicled not only people's lives and key events (with varying accuracy), but other daily observations, including the appearance of a new star.

"There are many accounts of this temporary guest star in historical records from Japan, China and Korea. At its peak, the star's brightness was comparable to Saturn's. It remained visible to the naked eye for about 180 days, until it gradually dimmed out of sight. The remnant of the SN 1181 explosion is now very old, so it is dark and difficult to find," explained lead author Takatoshi Ko, a doctoral student from the Department of Astronomy at the University of Tokyo.

The remnant of this guest star, labeled supernova remnant (SNR) 1181, was found to have been created when two extremely dense, Earth-sized stars, called white dwarfs, collided. This created a rare type of supernova, called a Type Iax supernova, which left behind a single, bright and fast-rotating white dwarf. Aided by observations on its position noted in the historical document, modern astrophysicists finally pinpointed its location in 2021 in a nebula towards the constellation Cassiopeia.

Due to its rare nature and location within our galaxy, SNR 1181 has been the subject of much observational research. This suggested that SNR 1181 is made up of two shock regions, an outer region and an inner one. In this new study, the research group analyzed the latest X-ray data to construct a theoretical computer model to explain these observations, and which has recreated the previously unexplained structure of this supernova remnant.

The main challenge was that according to conventional understanding, when two white dwarfs collide like this, they should explode and disappear. However, this merger left behind a white dwarf. The spinning white dwarf was expected to create a stellar wind (a fast-flowing stream of particles) immediately after its formation. However, what the researchers found was something else.

"If the wind had started blowing immediately after SNR 1181's formation, we couldn't reproduce the observed size of the inner shock region," said Ko. "However, by treating the wind's onset time as variable, we succeeded in explaining all of the observed features of SNR 1181 accurately and unraveling the mysterious properties of this high-speed wind. We were also able to simultaneously track the time evolution of each shock region, using numerical calculations."

The team was very surprised to find that according to their calculations, the wind may have started blowing only very recently, within the past 20-30 years. They suggest this may indicate that the white dwarf has started to burn again, possibly due to some of the matter thrown out by the explosion witnessed in 1181 falling back to its surface, increasing its density and temperature over a threshold to restart burning.

To validate their computer model, the team is now preparing to further observe SNR 1181 using the Very Large Array (VLA) radio telescope based in central New Mexico state in the U.S., and the 8.2 meter-class Subaru Telescope in the U.S. state of Hawaii.

"The ability to determine the age of supernova remnants or the brightness at the time of their explosion through archaeological perspectives is a rare and invaluable asset to modern astronomy," said Ko. "Such interdisciplinary research is both exciting and highlights the immense potential for combining diverse fields to uncover new dimensions of astronomical phenomena."
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Engineers find a way to protect microbes from extreme conditions | ScienceDaily
Microbes that are used for health, agricultural, or other applications need to be able to withstand extreme conditions, and ideally the manufacturing processes used to make tablets for long-term storage. MIT researchers have now developed a new way to make microbes hardy enough to withstand these extreme conditions.


						
Their method involves mixing bacteria with food and drug additives from a list of compounds that the FDA classifies as "generally regarded as safe." The researchers identified formulations that help to stabilize several different types of microbes, including yeast and bacteria, and they showed that these formulations could withstand high temperatures, radiation, and industrial processing that can damage unprotected microbes.

In an even more extreme test, some of the microbes recently returned from a trip to the International Space Station, coordinated by Space Center Houston Manager of Science and Research Phyllis Friello, and the researchers are now analyzing how well the microbes were able to withstand those conditions.

"What this project was about is stabilizing organisms for extreme conditions. We're really thinking about a broad set of applications, whether it's missions to space, human applications, or agricultural uses," says Giovanni Traverso, an associate professor of mechanical engineering at MIT, a gastroenterologist at Brigham and Women's Hospital, and the senior author of the study.

Miguel Jimenez, a former MIT research scientist who is now an assistant professor of biomedical engineering at Boston University, is the lead author of the paper, which will appear in Nature Materials.

Surviving extreme conditions

About six years ago, with funding from NASA's Translational Research Institute for Space Health (TRISH), Traverso's lab began working on new approaches to make helpful bacteria such as probiotics and microbial therapeutics more resilient. As a starting point, the researchers analyzed 13commercially available probiotics and found that six of these products did not contain as many live bacteria as the label indicated.




"What we found was that, perhaps not surprisingly, there is a difference, and it can be significant," Traverso says. "So then the next question was, given this, what can we do to help the situation?"

For their experiments, the researchers chose four different microbes to focus on: three bacteria and one yeast. These microbes are Escherichia coli Nissle 1917, a probiotic; Ensifer meliloti, a bacterium that can fix nitrogen in soil to support plant growth; Lactobacillus plantarum, a bacterium used to ferment food products; and the yeast Saccharomyces boulardii, which is also used as a probiotic.

When microbes are used for medical or agricultural applications, they are usually dried into a powder through a process called lyophilization. However, they can not normally be made into more useful forms such as a tablet or pill because this process requires exposure to an organic solvent, which can be toxic to the bacteria. The MIT team set out to find additives that could improve the microbes' ability to survive this kind of processing.

"We developed a workflow where we can take materials from the 'generally regarded as safe' materials list from the FDA, and mix and match those with bacteria and ask, are there ingredients that enhance the stability of the bacteria during the lyophilization process?" Traverso says.

Their setup allows them to mix microbes with one of about 100 different ingredients and then grow them to see which survive the best when stored at room temperature for 30 days. These experiments revealed different ingredients, mostly sugars and peptides, that worked best for each species of microbe.

The researchers then picked one of the microbes, E. coli Nissle 1917, for further optimization. This probiotic has been used to treat "traveler's diarrhea," a condition caused by drinking water contaminated with harmful bacteria. The researchers found that if they combined caffeine or yeast extract with a sugar called melibiose, they could create a very stable formulation of E. coli Nissle 1917. This mixture, which the researchers called formulation D, allowed survival rates greater than 10 percent after the microbes were stored for six months at 37 degrees Celsius, while a commercially available formulation of E. coli Nissle 1917 lost all viability after only 11 days under those conditions.




Formulation D was also able to withstand much higher levels of ionizing radiation, up to 1,000 grays. (The typical radiation dose on Earth is about 15 micrograys per day, and in space, it's about 200 micrograys per day.)

The researchers don't know exactly how their formulations protect bacteria, but they hypothesize that the additives may help to stabilize the bacterial cell membranes during rehydration.

Stress tests

The researchers then showed that these microbes can not only survive harsh conditions, they also maintain their function after these exposures. After Ensifer meliloti were exposed to temperatures up to 50 degrees Celsius, the researchers found that they were still able to form symbiotic nodules on plant roots and convert nitrogen to ammonia.

They also found that their formulation of E. coli Nissle 1917 was able to inhibit the growth of Shigella flexneri, one of the leading causes of diarrhea-associated deaths in low- and middle-income countries, when the microbes were grown together in a lab dish.

Last year, several strains of these extremophile microbes were sent to the International Space Station, which Jimenez describes as "the ultimate stress test."

"Even just the shipping on Earth to the preflight validation, and storage until flight are part of this test, with no temperature control along the way," he says.

The samples recently returned to Earth, and Jimenez' lab is now analyzing them. He plans to compare samples that were kept inside the ISS to others that were bolted to the outside of the station, as well as control samples that remained on Earth.

The research was funded by NASA's Translational Research Institute for Space Health, Space Center Houston, MIT's Department of Mechanical Engineering, and by 711 Human Performance Wing and the Defense Advanced Research Projects Agency.

Other authors of the paper include Johanna L'Heureux, Emily Kolaya, Gary Liu, Kyle Martin, Husna Ellis, Alfred Dao, Margaret Yang, Zachary Villaverde, Afeefah Khazi-Syed, Qinhao Cao, Niora Fabian, Joshua Jenkins, Nina Fitzgerald, Christina Karavasili, Benjamin Muller, and James Byrne.
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Innovative battery design: More energy and less environmental impact | ScienceDaily
Lithium metal batteries are among the most promising candidates of the next generation of high-energy batteries. They can store at least twice as much energy per unit of volume as the lithium-ion batteries that are in widespread use today. This will mean, for example, that an electric car can travel twice as far on a single charge, or that a smartphone will not have to be recharged so often.


						
At present, there is still one crucial drawback with lithium metal batteries: the liquid electrolyte requires the addition of significant amounts of fluorinated solvents and fluorinated salts, which increases its environmental footprint. Without the addition of fluorine, however, lithium metal batteries would be unstable, they would stop working after very few charging cycles and be prone to short circuits as well as overheating and igniting. A research group led by Maria Lukatskaya, Professor of Electrochemical Energy Systems at ETH Zurich, has now developed a new method that dramatically reduces the amount of fluorine required in lithium metal batteries, thereby rendering them more environmentally friendly and more stable as well as cost-effective.

A stable protective layer increases battery safety and efficiency

The fluorinated compounds from electrolyte help the formation of a protective layer around the metallic lithium at the negative electrode of the battery. "This protective layer can be compared to the enamel of a tooth," Lukatskaya explains. "It protects the metallic lithium from continuous reaction with electrolyte components." Without it, the electrolyte would quickly get depleted during cycling, the cell would fail, and the lack of a stable layer would result in the formation of lithium metal whiskers -- 'dendrites' -- during the recharging process instead of a conformal flat layer.

Should these dendrites touch the positive electrode, this would cause a short circuit with the risk that the battery heats up so much that it ignites. The ability to control the properties of this protective layer is therefore crucial for battery performance. A stable protective layer increases battery efficiency, safety and service life.

Minimising fluorine content

"The question was how to reduce the amount of added fluorine without compromising the protective layer's stability," says doctoral student Nathan Hong. The group's new method uses electrostatic attraction to achieve the desired reaction. Here, electrically charged fluorinated molecules serve as a vehicle to transport the fluorine to the protective layer. This means that only 0.1 percent by weight of fluorine is required in the liquid electrolyte, which is at least 20 times lower than in prior studies.

Optimised method makes batteries greener

The ETH Zurich research group describes the new method and its underlying principles in a paper recently published in the journal Energy & Environmental Science. An application for a patent has been made.

One of the biggest challenges was to find the right molecule to which fluorine could be attached and that would also decompose again under the right conditions once it had reached the lithium metal. As the group explains, a key advantage of this method is that it can be seamlessly integrated into the existing battery production process without generating additional costs to change the production setup. The batteries used in the lab were the size of a coin. In a next step, the researchers plan to test the method's scalability and apply it to pouch cells as used in smartphones.
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A 2D device for quantum cooling | ScienceDaily
To perform quantum computations, quantum bits (qubits) must be cooled down to temperatures in the millikelvin range (close to -273 Celsius), to slow down atomic motion and minimize noise. However, the electronics used to manage these quantum circuits generate heat, which is difficult to remove at such low temperatures. Most current technologies must therefore separate quantum circuits from their electronic components, causing noise and inefficiencies that hinder the realization of larger quantum systems beyond the lab.


						
Researchers in EPFL's Laboratory of Nanoscale Electronics and Structures (LANES), led by Andras Kis, in the School of Engineering have now fabricated a device that not only operates at extremely low temperatures, but does so with efficiency comparable to current technologies at room temperature.

"We are the first to create a device that matches the conversion efficiency of current technologies, but that operates at the low magnetic fields and ultra-low temperatures required for quantum systems. This work is truly a step ahead," says LANES PhD student Gabriele Pasquale.

The innovative device combines the excellent electrical conductivity of graphene with the semiconductor properties of indium selenide. Only a few atoms thick, it behaves as a two-dimensional object, and this novel combination of materials and structure yields its unprecedented performance. The achievement has been published in Nature Nanotechnology.

Harnessing the Nernst effect

The device exploits the Nernst effect: a complex thermoelectric phenomenon that generates an electrical voltage when a magnetic field is applied perpendicular to an object with a varying temperature. The two-dimensional nature of the lab's device allows the efficiency of this mechanism to be controlled electrically.

The 2D structure was fabricated at the EPFL Center for MicroNanoTechnology and the LANES lab. Experiments involved using a laser as a heat source, and a specialized dilution refrigerator to reach 100 millikelvin -- a temperature even colder than outer space. Converting heat to voltage at such low temperatures is usually extremely challenging, but the novel device and its harnessing of the Nernst effect make this possible, filling a critical gap in quantum technology.

"If you think of a laptop in a cold office, the laptop will still heat up as it operates, causing the temperature of the room to increase as well. In quantum computing systems, there is currently no mechanism to prevent this heat from disturbing the qubits. Our device could provide this necessary cooling," Pasquale says.

A physicist by training, Pasquale emphasizes that this research is significant because it sheds light on thermopower conversion at low temperatures -- an underexplored phenomenon until now. Given the high conversion efficiency and the use of potentially manufacturable electronic components, the LANES team also believes their device could already be integrated into existing low-temperature quantum circuits.

"These findings represent a major advancement in nanotechnology and hold promise for developing advanced cooling technologies essential for quantum computing at millikelvin temperatures," Pasquale says. "We believe this achievement could revolutionize cooling systems for future technologies."
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        Unveiling 1,200 years of human occupation in Canada's Arctic
        A recent study provides new insights into ancient cultures in Canada's Arctic, focusing on Paleo-Inuit and Thule-Inuit peoples over thousands of years. Researchers detected human presence and settlements on Somerset Island, Nunavut, by analyzing sediment samples.

      

      
        First ever 3D reconstruction of 52,000-year-old woolly mammoth chromosomes thanks to serendipitously freeze-dried skin
        An international research team has assembled the genome and 3D chromosomal structures of a 52,000-year-old woolly mammoth -- the first time such a feat has been achieved for any ancient DNA sample. The fossilized chromosomes, which are around a million times longer than most ancient DNA fragments, provide insight into how the mammoth's genome was organized within its living cells and which genes were active within the skin tissue from which the DNA was extracted. This unprecedented level of struc...

      

      
        New study provides enhanced understanding of tropical atmospheric waves
        Findings has critical implications for predicting extreme weather events such as hurricanes and heavy rainfall.

      

      
        A new species of extinct crocodile relative rewrites life on the Triassic coastline
        The surprising discovery of a new species of extinct crocodile relative from the Triassic Favret Formation of Nevada, USA, rewrites the story of life along the coasts during the first act of the Age of Dinosaurs. The new species Benggwigwishingasuchus eremicarminis reveals that while giant ichthyosaurs ruled the oceans, the ancient crocodile kin known as pseudosuchian archosaurs ruled the shores across the Middle Triassic globe between 247.2 and 237 million years ago.

      

      
        Researchers pinpoint brain cells that delay first bite of food
        Do you grab a fork and take a first bite of cake, or say no and walk away? Our motivation to eat is driven by a complex web of cells in the brain that use signals from within the body, as well as sensory information about the food in front of us, to determine our behaviors. Now, scientists have identified a group of neurons in a small and understudied region of the brain -- the parasubthalamic nucleus (PSTN) -- that controls when an animal decides to take a first bite of food.

      

      
        Novel genome editing approach restores hearing in adult preclinical models with genetic deafness
        Researchers restored hearing in preclinical mouse models with a specific form of inherited deafness called DFNA50 caused by mutations in microRNA, by using a novel in vivo CRISPR genome editing approach. Since mouse and human microRNAs have identical sequences, the researchers hope this work can one day be translated into applications for humans.

      

      
        Lion with nine lives breaks record with longest swim in predator-infested waters
        A record-breaking swim by two lion brothers across a predator-infested African river has been documented in a new study. The researchers say the 1km swim is another example of iconic wildlife species having to make tough decisions to find homes and mates in a human-dominated world.

      

      
        Planted mangroves' ability to store carbon
        Ecologists have published new findings on how planted mangroves can store up to 70% of carbon stock to that found in intact stands after only 20 years.

      

      
        Pumpkin disease not evolving, could make a difference for management
        The pathogen that causes bacterial spot is very good at what it does. Forming small lesions on the rinds of pumpkins, melons, cucumbers, and other cucurbits, it mars the fruits' appearance and ushers in secondary pathogens that lead to rot and severe yield loss. The bacterium, Xanthomonas cucurbitae, is so successful that it has had no reason to evolve through time or space.

      

      
        Atlas of proteins reveals inner workings of cells
        Researchers discover how proteins behave inside cells using AI, which has the potential to guide drug design.

      

      
        Discovery of a new defense mechanism in bacteria
        When confronted with an antibiotic, toxic substance, or other source of considerable stress, bacteria are able to activate a defense mechanism using cell-to-cell communication to 'warn' unaffected bacteria, which can then anticipate, shield themselves and spread the warning signal.

      

      
        Mozambican Woodlands could store more than double the carbon previously estimated
        The capacity of Mozambican woodlands to capture and store carbon is underestimated and potentially undervalued for their protection and restoration, finds new research from an international team of scientists.

      

      
        Research reveals the most complete dinosaur discovered in the UK in a century
        The most complete dinosaur discovered in the UK in the last 100 years, with a pubic hip bone the size of a 'dinner plate', has been described in a new article.

      

      
        Not so simple: Mosses and ferns offer new hope for crop protection
        Mosses, liverworts, ferns and algae may offer an exciting new research frontier in the global challenge of protecting crops from the threat of disease.

      

      
        Wolves' return has had only small impact on deer populations in NE Washington
        Wolves returned to Washington state in 2008. A new study shows that, despite their rising numbers, wolves are not having much of an impact on white-tailed deer, one of their primary prey. Scientists report that the biggest factor shaping white-tailed deer populations in northeast Washington is the quality of habitat available, which is largely determined by human activity. Cougars were second in their impact. Wolves were a distant third.

      

      
        The detection of a massive harmful algal bloom in the Arctic prompts real-time advisories to western Alaskan communities
        A summer 2022 research cruise that detected a massive and highly toxic harmful algal bloom (HAB) in the Bering Strait has provided a dramatic example of science that utilized new technology to track a neurotoxic HAB and effectively communicate that information in real-time to protect remote communities in coastal Alaska.

      

      
        The Gulf Stream is wind-powered and could weaken from climate change
        New evidence of changes to the Gulf Stream during the last ice age could indicate additional sensitivity to future climatic changes, finds a new study.

      

      
        Discovery could help reduce adverse side effects of popular next-generation obesity medications
        By teasing apart the therapeutic benefits from the adverse effects of new generation obesity medications, researchers found a population of neurons in the brain that controls food intake without causing nausea in an animal model.

      

      
        Big gain in battle against harmful bacteria
        An unexpected find has enabled important progress to be made in the battle against harmful bacteria.

      

      
        Tackling the challenge of coca plant ID: Wild vs cultivated for cocaine
        A new paper reveals that it's not as straightforward as it might seem. Despite decades of data collection by the United Nations Office on Drugs and Crime (UNODC), which has been valuable to monitor changes in areas occupied by illegal coca plantations in South America, there is no reliable scientific method to distinguish between different types of coca plants.

      

      
        Researchers show promising material for solar energy gets its curious boost from entropy
        Researchers discovered a microscopic mechanism that solves in part the outstanding performance achieved by a new class of organic semiconductors known as non-fullerene acceptors (NFAs).

      

      
        Cutting farm nitrous oxide emissions helps climate and ozone layer
        Adding crushed basalt rocks and special fertilizers can reduce potent nitrous oxide (N2O) greenhouse gas emissions and help safeguard the stratospheric ozone layer.

      

      
        Researchers listen to the hearts of bats in flight
        Unique recordings show that bats can ramp up heart rate from 6 to 900 b.p.m within minutes.

      

      
        Archaeologists report earliest evidence for plant farming in east Africa
        A trove of ancient plant remains excavated in Kenya helps explain the history of plant farming in equatorial eastern Africa, a region long thought to be important for early farming but where scant evidence from actual physical crops has been previously uncovered.

      

      
        Study examines tree adaptability to climate change
        Many trees could expand their ranges by more than 25 percent based on their potential temperature tolerances.

      

      
        Could a dietary fiber supplement offer long-awaited treatment for food allergy sufferers?
        A study has identified a potential new treatment for food allergies in inulin, a naturally occurring plant fiber commonly used as a supplement, a prebiotic in soda, a replacement for sweeteners and for other products and purposes.

      

      
        Researchers examine economic effects on technological advancements of blue hydrogen production
        Experience from the deployment of blue hydrogen projects will be helpful in lowering future costs of hydrogen production and will remain cost competitive. Additionally, paired with extended tax incentives for carbon sequestration, costs could be significantly reduced further.

      

      
        New one-step method to make multiple edits to a cell's genome
        A team of scientists have developed a new method that enables them to make precise edits in multiple locations within a cell -- all at once. Using molecules called retrons, they created a tool that can efficiently modify DNA in bacteria, yeast, and human cells.

      

      
        Building materials for water-rich planets in the early solar system
        Age data for certain classes of meteorite have made it possible to gain new findings on the origin of small water-rich astronomical bodies in the early solar system. These planetesimals continually supplied building materials for planets -- also for the Earth, whose original material contained little water. The Earth received its actual water through planetesimals, which emerged at low temperatures in the outer solar system, as shown by computational models carried out by an international researc...

      

      
        First local extinction in the US due to sea level rise, study suggests
        The United States has lost its only stand of the massive Key Largo tree cactus in what researchers believe is the first local extinction of a species caused by sea level rise in the country.

      

      
        Pinpointing coal plants to convert to nuclear energy, considering both practicality and community support
        An assessment ranks the feasibility of converting 245 operational coal power plants in the U.S. into advanced nuclear reactors, providing valuable insights for policymakers and utilities to meet decarbonization goals, according to a new study.

      

      
        Groundbreaking study reveals oceanic seabirds chase tropical cyclones
        A new study reveals that the rare Desertas Petrels (Pterodroma deserta), a wide-ranging seabird in the North Atlantic, exhibit unique foraging behaviors during hurricane season. Contrary to other pelagic seabirds, these petrels do not avoid intense tropical cyclones but instead exploit the dynamic conditions for their benefit, providing new insights into the impact of cyclones on open ocean marine life.

      

      
        How a plant app helps identify the consequences of climate change
        A research team has developed an algorithm that analyses observational data from a plant identification app. The novel approach can be used to derive ecological patterns that could provide valuable information about the effects of climate change on plants.

      

      
        Mining rare earth metals from electronic waste
        A small molecule that naturally serves as a binding site for metals in enzymes also proves useful for separating certain rare earth metals from each other. In a proof of concept, the process extracts europium directly from fluorescent powder in used energy-saving lamps in much higher quantities than existing methods. The researchers are now working on expanding their approach to other rare earth metals. They are in the process of founding a start-up to put the recycling of these raw materials int...

      

      
        Ancient large kangaroo moved mainly on four legs, according to new research
        A type of extinct kangaroo that lived during the Pleistocene around two and a half million to ten thousand years ago, known as the 'giant wallaby', was a poor hopper, a study has found.

      

      
        Life underground suited newly discovered dinosaur fine
        A newly discovered ancestor of Thescelosaurus shows evidence that these animals spent at least part of their time in underground burrows. The new species contributes to a fuller understanding of life during the mid-Cretaceous -- both above and below ground.

      

      
        Engine wear risk as planes swallow more dust waiting to land
        Planes flying into one of the world's busiest airports are ingesting around 10kg of dust per 1,000 flights.

      

      
        Study projects major changes in North Atlantic and Arctic marine ecosystems due to climate change
        New research predicts significant shifts in marine fish communities in the North Atlantic and Arctic Oceans as a result of climate warming.

      

      
        Researcher finds lithium ion batteries a growing source of pollution
        The use of certain substances in batteries is polluting air and water.

      

      
        A gut microbe could hold a key to help people benefit from healthy foods
        In a study involving 50,000+ individuals from around the world, higher gut levels of Blastocystis, a single-celled organism commonly found in the digestive system, were linked to more favorable indicators of health.

      

      
        Raw milk is risky, but airborne transmission of H5N1 from cow's milk is inefficient in mammals
        While H5N1 avian influenza virus taken from infected cow's milk makes mice and ferrets sick when dripped into their noses, airborne transmission of the virus between ferrets -- a common model for human transmission -- appears to be limited. These and other new findings about the strain of H5N1 circulating among North American dairy cattle this year come from a set of laboratory experiments. Together, they suggest that exposure to raw milk infected with the currently circulating virus poses a real...

      

      
        Scientists discover how to improve vaccine responses to potentially deadly bacterium
        Researchers have taken a leap forward in understanding how we might fight back against the potentially deadly MRSA bacterium. They have shown in an animal model that targeting a key suppressive immune molecule (IL-10) during the delivery of a vaccine improves the ability of the vaccine to protect against infection.

      

      
        Study reveals environmental impact of artificial sweeteners
        A recently published study demonstrates how sucralose affects the behavior of cyanobacteria -- an aquatic photosynthetic bacteria -- and diatoms, microscopic algae that account for more than 30% of the primary food production in the marine food chain.

      

      
        Ancient dingo DNA shows modern dingoes share little ancestry with modern dog breeds
        A study of ancient dingo DNA revealed that the distribution of modern dingoes across Australia, including those on K'gari (formerly Fraser Island), pre-dates European colonization and interventions like the dingo-proof fence.

      

      
        Restored oyster sanctuaries host more marine life
        Oysters sanctuaries in Chesapeake Bay are working for more than just oysters. Compared to nearby harvest areas, sanctuaries contain more abundant populations of oysters and other animal life--and the presence of two common parasites isn't preventing that.

      

      
        Coral reefs: Battlegrounds for survival in a changing climate
        Coral reefs, those vibrant underwater cities, stand on the precipice of collapse. While rising ocean temperatures and coral bleaching grab headlines, a new essay reveals a hidden layer of complexity in this fight for survival: the often-overlooked roles of the reefs' smallest inhabitants.

      

      
        New extremely fast carbon storage technology
        A new way to store carbon captured from the atmosphere works much faster than current methods without the harmful chemical accelerants they require.

      

      
        New bio-based tool quickly detects concerning coronavirus variants
        Researchers have developed a bioelectric device that can detect and classify new variants of coronavirus to identify those that are most harmful. It has the potential to do the same with other viruses, as well.

      

      
        Companies that mitigate climate change reduce their cost of capital
        A recent study explored the relationship between corporate climate change mitigation actions and the cost of capital for 2,100 Japanese listed companies from 2017 to 2021. The findings reveal that companies that maintain lower carbon intensity and disclose more climate-related information can reduce their capital costs. Conversely, mere commitments to climate change without actionable measures do not significantly impact costs.

      

      
        Genomic data integration improves prediction accuracy of apple fruit traits
        Genotyping techniques can be used to select fruit trees with desired traits at the seedling stage, increasing the efficiency of fruit tree breeding. However, so far, there are multiple different genotyping systems, each generating distinct datasets. In a recent study, Japanese scientists revealed that integrating genomic data obtained with different genotyping systems can effectively combine with historical data, leveraging the accuracy of genomic predictions.
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Unveiling 1,200 years of human occupation in Canada's Arctic | ScienceDaily
A recent study provides new insights into ancient cultures in Canada's Arctic, focusing on Paleo-Inuit and Thule-Inuit peoples over thousands of years. Jules Blais, professor of biology at the University of Ottawa, and a team of researchers detected human presence and settlements on Somerset Island, Nunavut, by analyzing sediment samples.


						
The Arctic has been home to various cultures, such as the Paleo-Inuit (2500 BCE to 1250 CE) and the Thule-Inuit (1200 to 1500 CE). Although historical evidence is scarce, this recent study provides valuable insight into their presence.

The study discovered evidence of Paleo-Inuit presence on Somerset Island in Nunavut, Canada, where it was lacking. The innovative research methodologies revealed detailed information about past human history without traditional artifacts.

Professor Jules Blais says, "By analyzing pond sediment samples, we were able to construct detailed histories of site occupation. This includes clear evidence of Paleo-Inuit presence and indications that the Thule-Inuit arrived earlier than previously estimated."

The research used archeological evidence and sedimentary biomarkers to study prehistoric settlement on Somerset Island. Sediment cores from island ponds were analyzed for trace elements and organic compounds. Results showed that the Thule-Inuit population increased from the 13th to 15th centuries. The researchers also showed high levels of metals like lead, copper, zinc and nickel in twentieth-century sediment, suggesting air pollution during that time.

Blais says, "We used generalized additive models (GAMs) and radiocarbon dating techniques to identify key time points in the sediment record corresponding to the expected dates of Thule-Inuit arrival and site abandonment. This approach allowed us to detect periods of significant change in sediment proxies, providing a chronological framework for understanding the history of human occupation on the island."

This research underscores the importance of interdisciplinary approaches in archeology and highlights the significance of sedimentary archives in reconstructing past human activities and environmental conditions.

Blais explains the broader implications of the study. "The use of sedimentary biomarkers and bone samples to uncover prehistoric habits demonstrates the strength of interdisciplinary studies. Our discoveries not only enhance our knowledge of the Thule-Inuit and Paleo-Inuit communities in the Arctic but also demonstrate the potential of new archeological techniques."
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First ever 3D reconstruction of 52,000-year-old woolly mammoth chromosomes thanks to serendipitously freeze-dried skin | ScienceDaily
An international research team has assembled the genome and 3D chromosomal structures of a 52,000-year-old woolly mammoth -- the first time such a feat has been achieved for any ancient DNA sample. The fossilized chromosomes, which are around a million times longer than most ancient DNA fragments, provide insight into how the mammoth's genome was organized within its living cells and which genes were active within the skin tissue from which the DNA was extracted. This unprecedented level of structural detail was retained because the mammoth underwent freeze-drying shortly after it died, which meant that its DNA was preserved in a glass-like state. The results are presented July 11 in the journal Cell.


						
"This is a new type of fossil, and its scale dwarfs that of individual ancient DNA fragments -- a million times more sequence," says corresponding author Erez Lieberman Aiden, Director of the Center for Genome Architecture at Baylor College of Medicine. "It is also the first time a karyotype of any sort has been determined for an ancient sample."

Knowing the three-dimensional architecture of a genome provides a lot of additional information beyond its sequence, but most ancient DNA specimens consist of very small, scrambled DNA fragments. Building off work mapping the 3D structure of the human genome, Aiden thought that if the right ancient DNA sample could be found -- one with the 3D organization of the fragments still intact -- it would be possible to use the same strategies to assemble ancient genomes.

The researchers tested dozens of samples over the course of five years before landing on an unusually well-preserved woolly mammoth that was excavated in northeastern Siberia in 2018. "We think it spontaneously freeze-dried shortly after its death," says corresponding author Olga Dudchenko of the Center for Genome Architecture at Baylor College of Medicine. "The nuclear architecture in a dehydrated sample can survive for an incredibly long period of time."

To reconstruct the mammoth's genomic architecture, the researchers extracted DNA from a skin sample taken behind the mammoth's ear. They used a method called Hi-C that allows them to detect which sections of DNA are likely to be in close spatial proximity and interact with each other in their natural state in the nucleus.

"Imagine you have a puzzle that has three billion pieces, but you don't have the picture of the final puzzle to work from," says corresponding author Marc A. Marti-Renom, an ICREA research professor and structural genomicist at the Centre Nacional d'Analisi Genomica (CNAG) and the Centre for Genomic Regulation (CRG) in Barcelona. "Hi-C allows you to have an approximation of that picture before you start putting the puzzle pieces together."

Then, they combined the physical information from the Hi-C analysis with DNA sequencing to identify the interacting DNA sections and create an ordered map of the mammoth's genome, using the genomes of present-day elephants as a template. The analysis revealed that woolly mammoths had 28 chromosomes -- the same number as present-day Asian and African elephants. Remarkably, the fossilized mammoth chromosomes also retained a huge amount of physical integrity and detail, including the nanoscale loops that bring transcription factors in contact with the genes they control.




By examining the compartmentalization of genes within the nucleus, the researchers were able to identify genes that were active and inactive within the mammoth's skin cells -- a proxy for epigenetics or transcriptomics. The mammoth skin cells had distinct gene activation patterns compared to the skin cells of its closest relative, the Asian elephant, including for genes potentially related to its woolly-ness and cold tolerance.

"For the first time, we have a woolly mammoth tissue for which we know roughly which genes were switched on and which genes were off," says Marti-Renom. "This is an extraordinary new type of data, and it's the first measure of cell-specific gene activity of the genes in any ancient DNA sample."

Although the method used in this study hinges on unusually well-preserved fossils, the researchers are optimistic that it could be used to study other ancient DNA specimens -- from mammoths to Egyptian mummies -- as well as more recently preserved museum specimens.

For mammoths, the next steps would include examining the epigenetic patterns of other tissues. "These results have obvious consequences for contemporary efforts aimed at woolly mammoth de-extinction," says corresponding author M. Thomas Gilbert, a paleo-genomicist at the University of Copenhagen and the Norwegian University of Science and Technology.
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New study provides enhanced understanding of tropical atmospheric waves | ScienceDaily
In a groundbreaking meteorological study, an international team of researchers from the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science, the European Centre for Medium-Range Weather Forecasts (ECMWF; Reading, UK), and the National Center for Atmospheric Research (NCAR; Boulder, CO) are improving scientific understanding of atmospheric waves in the tropics, including how they impact extreme weather events like hurricanes and heavy rainfall.


						
The collaborative research team focused on a specific type of atmospheric wave, known as Convectively Coupled Kelvin Waves, (CCKWs), which are massive waves over 1,000-miles long that travel in Earth's atmosphere along the equator and significantly influence global rainfall patterns. The study, published June 1, 2024, in the American Geophysical Union's Journal of Advances in Modeling Earth Systems, provides researchers with a new way to study the behavior and attributes of these Kelvin waves in weather forecast models.

"Our findings suggest that improving the simulation of these Kelvin waves in weather models could enhance the accuracy of predictions for other high-impact weather features," said Quinton Lawton, a recent graduate of the Rosenstiel School's Department of Atmospheric Sciences and a lead author of the study. "This has the potential to provide communities, especially those in tropical regions, with more lead time and readiness for destructive weather."

Utilizing NCAR's high-performance computing system and cutting-edge weather models including the Model for Prediction Across Scales -- Atmosphere (MPAS-A) and ECMWF's Integrated Forecast System (IFS), the team simulated several Kelvin waves from 2021. One notable Kelvin wave over the Atlantic Ocean was linked to the formation of Tropical Storm Victor.

The study found that current weather forecast models poorly simulated an Atlantic Ocean CCKW, indicating a need for future improvements in weather forecasting systems to better predict these waves and, consequently, other extreme weather events.

The researchers introduced a novel methodology for modifying the strength of Kelvin waves in weather forecast models. With this new tool, researchers will be able to better quantify the characteristics and impacts of Kelvin waves, enhancing our understanding of how these waves are represented in weather forecast models.

Kelvin waves are now recognized for their role in increasing the likelihood of hurricane formation and triggering extreme rainfall events. In a previous study by Rosenstiel School scientists Lawton and Sharan Majumdar published in 2023, they explain how these waves can encourage tropical cyclone formation in the Atlantic.

This study represents the culmination of two years of collaborative research, originating from the lead student author's PhD dissertation at the University of Miami. The work brings together expertise and resources from UM, NCAR, and ECMWF to push the boundaries of meteorological science.

"The research is a step towards better understanding and predicting the tropical atmosphere," said study coauthor Sharan Majumdar, a professor of atmospheric sciences at the Rosenstiel School. "The study also highlights the need for further research into why current models struggle with accurately simulating these waves."
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A new species of extinct crocodile relative rewrites life on the Triassic coastline | ScienceDaily
The surprising discovery of a new species of extinct crocodile relative from the Triassic Favret Formation of Nevada, USA, rewrites the story of life along the coasts during the first act of the Age of Dinosaurs. Described in a study published in Biology Letters, the new species Benggwigwishingasuchus eremicarminis reveals that while giant ichthyosaurs ruled the oceans, the ancient crocodile kin known as pseudosuchian archosaurs ruled the shores across the Middle Triassic globe between 247.2 and 237 million years ago.


						
"This exciting new species demonstrates that pseudosuchians were occupying coastal habitats on a global basis during the Middle Triassic," said Dr. Nate Smith, lead author of the paper, and Gretchen Augustyn Director and Curator of the Dinosaur Institute at the Natural History Museum of Los Angeles County.

Capturing fossil life from the eastern Panthalassan Ocean of the Triassic, the locality that includes the Favret Formation is known for fossils of sea-going creatures like ammonites along with marine reptiles like the giant ichthyosaur C. youngorum -- finding the newly described B. eremicarminis came as a bit of a shock.

"Our first reaction was: What the hell is this?" said co-author Dr. Nicole Klein of the University of Bonn. "We were expecting to find things like marine reptiles. We couldn't understand how a terrestrial animal could end up so far out in the sea among the ichthyosaurs and ammonites. It wasn't until seeing the nearly completely prepared specimen in person that I was convinced it really was a terrestrial animal."

Pseudosuchian archosaurs have been unearthed in fossil beds from the shores of the ancient Tethys Ocean, but this is the first coastal representative from the Panthalassan Ocean and western hemisphere, revealing that these crocodile relatives were present in coastal environments worldwide during the Middle Triassic. Interestingly, these coastal species aren't all from the same evolutionary group, suggesting that pseudosuchians (and archosauriforms more broadly) were independently adapting to life along the shores.

"Essentially, it looks like you had a bunch of very different archosauriform groups deciding to dip their toes in the water during the Middle Triassic. What's interesting, is that it doesn't look like many of these 'independent experiments' led to broader radiations of semi-aquatic groups," said Smith.

During the Triassic, archosaurs, "the ruling reptiles," arose and split into two groups with two surviving representatives: birds, the descendants of dinosaurs, and crocodilians (alligators, crocodiles, and gharials), the descendants of pseudosuchian archosaurs like B. eremicarminis. While today's crocodilians are similar enough to be mistaken for one another by most people, their ancient relatives varied wildly in size and lifestyle. The evolutionary relationships of B. eremicarminis and its relatives suggest that pseudosuchians achieved great diversity very quickly following the End-Permian mass extinction -- the extent of which is waiting to be discovered in the fossil record.




"A growing number of recent discoveries of Middle Triassic pseudosuchians are hinting that an underappreciated amount of morphological and ecological diversity and experimentation was happening early in the group's history. While a lot of the public's fascination with the Triassic focuses on the origin of dinosaurs, it's really the pseudosuchians that were doing interesting things at the beginning of the Mesozoic," Smith said.

The new species underlines the multiplicity of these ancient reptiles during the Triassic, from giants like Mambawakale ruhuhu to smaller animals like the newly described B. eremicarminis, which probably reached around 5-6 feet in length. Exactly how long B. eremicarminis was and how it survived along the coasts remains shrouded in the past. Only a few elements of the individual's skull were found, and any clues to how it fed and hunted are similarly absent. What's more clear is that B. eremicarminis likely stuck pretty close to the shore. Its well-preserved limbs are well-developed without any of the signs of aquatic living like flippers or altered bone density.

The research team wanted a name that paid respect to the original human inhabitants of the Augusta Mountains where the specimen was found, and so consulted a member of the Fallon Paiute Shoshone Tribe to decide on an appropriate name."Benggwi-Gwishinga," a word that means "catching fish" in Shoshone, was combined with the Greek word for Sobek, the Egyptian crocodile-headed god, to coin the new genus, Benggwigwishingasuchus. The specific epithet eremicarminis translates to "desert song," honoring two supporters of NHMLAC who have a passion for the paleontology and opera of the Southwest. Thus, the full name is meant to translate roughly as "Fisherman Croc's Desert Song."
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Researchers pinpoint brain cells that delay first bite of food | ScienceDaily
Do you grab a fork and take a first bite of cake, or say no and walk away? Our motivation to eat is driven by a complex web of cells in the brain that use signals from within the body, as well as sensory information about the food in front of us, to determine our behaviors. Now, Scripps Research scientists have identified a group of neurons in a small and understudied region of the brain -- the parasubthalamic nucleus (PSTN) -- that controls when an animal decides to take a first bite of food.


						
In the study, published in Molecular Psychiatry on July 4, 2024, the team of scientists set out to selectively manipulate a group of PSTN cells that dial up their activity during periods of binge-eating. Other scientists have observed that many PSTN cells become active following a large meal, but the team wondered how these cells might influence appetite.

"In our study, we used a technique that let us turn on cells in the mouse brain that were activated by a specific experience -- in this case, binge-eating," says Jeff Dunning, PhD, a staff scientist at Scripps Research and first author of the new paper. "Once we have captured this ensemble of PSTN cells, we can turn them on like a light switch and watch what happens to the animals' eating and drinking."

The research team found that the ensemble of cells sensitive to binge-eating were capable of drastically changing the behavior of mice. Hungry mice normally start chowing down on food quickly once it becomes available to them. But when researchers turned on this ensemble of PSTN cells, mice were much slower to begin eating and, surprisingly, much faster to drink water.

"Our results tell us that this specific group of PSTN cells guide the early stages of hunger-driven decision making, before eating actually occurs," says Dunning. "The effect on water drinking is somewhat counterintuitive, but it might be related to prandial thirst -- the phenomenon whereby thirst gets stimulated as soon as we start eating."

By manipulating even smaller sets of cells within the PSTN, the team pieced apart exactly which groups of cells were responsible for the delayed eating and accelerated drinking. They also discovered that yet another group of PSTN cells drives a different effect, urging the mice to eat more sweet foods.

"Altogether, these results reveal that PSTN neurons exert a complex combination of functions," says senior author Candice Contet, PhD, associate professor in the Department of Molecular Medicine at Scripps Research. "Several studies had previously shown that PSTN activity can limit the amount of food eaten, but the fact that certain PSTN neurons control the onset of feeding or drinking, or even promote the consumption of food 'treats,' is entirely novel."

Contet, Dunning and colleagues think that their findings may have relevance for eating disorders where people have either too much or not enough control over the initiation of feeding -- the decision to succumb to that first bite or wait longer. Beyond food and water, similar mechanisms may be at play in the loss of control over the consumption of rewarding substances such as drugs of abuse, which the team is currently investigating.

In addition to Contet and Dunning, authors of the study, "The parasubthalamic nucleus refeeding ensemble delays feeding initiation and hastens water drinking," include Catherine Lopez, Colton Krull, Max Kreifeldt, Maggie Angelo and Leeann Shu of Scripps Research; and Charu Ramakrishnan and Karl Deisseroth of Stanford University. 

This work was supported by funding from the National Institutes of Health (AA026685, AA027636, AA006420, AA027372, and AA007456).
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Novel genome editing approach restores hearing in adult preclinical models with genetic deafness | ScienceDaily
A team led by Mass Eye and Ear researchers has demonstrated for the first time a successful restoration of hearing through a novel, in vivo genome editing approach in an adult mouse model with a form of inherited deafness caused by mutations in microRNA. The researchers note that mouse and human microRNAs have identical sequences, and accordingly, hope their new study lays the foundation for translational research into applications in humans with deafness caused by these types of mutations.


						
The study also looked at safety of the AAV-mediated genome editing approach and found it had a good safety profile that includes little off-target effect and no detectable long-term integration of the AAV vector in the genome. "Our research suggested minimal potential risk and supports the feasibility of future clinical applications in humans," said Wenliang Zhu, PhD, and physician-scientist Wan Du, MD, PhD, members of Chen's lab at Mass Eye and Ear and first authors on the paper.

The study, led by Zheng-Yi Chen, DPhil, an associate scientist in the Eaton-Peabody Laboratories at Mass Eye and Ear (a member of the Mass General Brigham healthcare system), was published July 10 in Science Translational Medicine.

"Our findings provide a promising pathway for developing treatments by editing for many forms of genetic hearing loss," said Chen, who is the Ines and Fredrick Yeatts Chair in Otolaryngology at Mass Eye and Ear and an associate professor in Otolaryngology-Head and Neck Surgery at Harvard Medical School. "With further study, our intervention using genome editing could potentially halt or reverse hearing loss progression in affected individuals, including adults."

About one in 500 newborns suffer from genetic hearing loss and currently there are not any approved therapeutics to treat deafness.

In the new study, researchers targeted a specific mutation in the microRNA-96 (MiR-96) gene that causes progressive hearing loss in mice and plays a crucial role in regulating gene expression in hair cells (sensory cells responsible for hearing) of mammals. In humans, this mutation has been identified as a cause of a form of dominant inherited progressive hearing loss called DFNA50. The researchers created a mouse model carrying the mutation that mirrored the progressive hearing loss in humans with DFNA50; by four weeks of age, these models exhibited complete hearing loss at high frequencies.

The team employed a CRISPR/Cas9 genome editing approach to target and disrupt this mutation, that was delivered to the inner ear through an injection of an adeno-associated virus (AAV) carrying the editing machinery. They compared injections at two time points, during early development and adult stages, and demonstrated robust preservation of auditory function in both cases long term, with earlier intervention proving most optimal.




The study also looked at safety of the AAV-mediated genome editing approach and found it had a good safety profile that includes little off-target effect and no detectable long-term integration of the AAV vector in the genome. This suggested minimal potential risk and supports the feasibility of future clinical applications in people.

Chen and his team have designed a construct to contain all known microRNA mutations to be used in humans, and in conjunction with Mass General Brigham's Gene and Cell Therapy Institute, plan to conduct IND-enabling studies in additional preclinical models in the hopes of moving this treatment approach into a first-in-human clinical trial. Studies like this one show the promise of gene therapy for treating conditions such as hearing loss. Mass General Brigham's Gene and Cell Therapy Institute is helping to translate scientific discoveries made by researchers into first-in-human clinical trials and, ultimately, life-changing treatments for patients.

This latest research from Chen and colleagues marks a significant step forward in the field of gene therapy for hearing disorders, offering hope for future clinical trials aimed at restoring auditory function in people with genetic forms of hearing impairment. Chen and his collaborators have also conducted clinical trials looking at a different gene therapy approach for another form of deafness, DFNB9 caused by mutations in the OTOF gene. That clinical trial in China has demonstrated positive results in children treated in one and both ears. Chen hopes the technology developed in the OTOF trial, such as minimally invasive AAV delivery into the human inner ears, will accelerate the development of editing therapy into the clinic.

"With more than 150 forms of genetic deafness, our research offers further hope for patients that previously lacked any options beyond a cochlear implant," said Chen. "These findings suggest a need for more rigorous studies building on proof-of-concept papers like these, to achieve our goal of developing different treatment approaches to target every one of these mutations."
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Lion with nine lives breaks record with longest swim in predator-infested waters | ScienceDaily
A record-breaking swim by two lion brothers across a predator-infested African river has been documented in a study co-led by Griffith University and Northern Arizona University.


						
Dr Alexander Braczkowski, from Griffith's Centre for Planetary Health and Food Security, led a team that filmed a two-male lion coalition crossing the Kazinga Channel in Uganda at night, using high-definition heat detection cameras on drones. The work was done under the supervision of the Uganda Wildlife Authority.

One half of the lion brother duo was a 10-year-old local icon known as Jacob, who became famous for surviving a multitude of life-threatening incidents, one of which left him with an amputated leg.

"Jacob has had the most incredible journey and really is a cat with nine lives," Dr Braczkowski said.

"I'd bet all my belongings that we are looking at Africa's most resilient lion: he has been gored by a buffalo, his family was poisoned for lion body part trade, he was caught in a poacher's snare, and finally lost his leg in another attempted poaching incident where he was caught in a steel trap.

"The fact that he and his brother Tibu have managed to survive as long as they have in a national park that has experienced significant human pressures and high poaching rates is a feat in itself -- our science has shown this population has nearly halved in just 5 years.

"His swim, across a channel filled with high densities of hippos and crocodiles, is a record-breaker and is a truly amazing show of resilience in the face of such risk."

Previous reported swims by African lions have ranged from 10 to a couple of hundred metres, some of which resulted in deaths by crocodile attacks.




The big swim prompts a key question: why did Jacob and Tibu risk the dangerous kilometre-long night swim in the first place?

"It's likely the brothers were looking for females," Dr Braczkowski explained.

"Competition for lionesses in the park is fierce and they lost a fight for female affection in the hours leading up to the swim, so it's likely the duo mounted the risky journey to get to the females on the other side of the channel."

"There is a small connecting bridge to the other side but the presence of people was probably a deterrent for them."

Dr Braczkowski has been running a long-term study of African lions and other predators in Queen Elizabeth and several other Ugandan National Parks.

He is currently the scientific director of the Volcanoes Safaris Partnership Trust's Kyambura Lion Project and has been working with the Ugandan Government since 2017 to build scientific capacity in the wildlife department to census lions and other predators.

This behavioural observation is a direct symptom of some of his previous research, highlighting skewed sex ratios in lion populations.

"Jacob and Tibu's big swim is another important example that some of our most beloved wildlife species are having to make tough decisions just to find homes and mates in a human-dominated world," Dr Braczkowski said.
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Planted mangroves' ability to store carbon | ScienceDaily
U.S. Forest Service ecologists and partners published new findings on how planted mangroves can store up to 70% of carbon stock to that found in intact stands after only 20 years.


						
Researchers have long known that mangroves are superstars of carbon absorption and storage. But until now, limited information existed on how long it took for carbon stored in planted mangroves to reach levels found in intact mangroves.

"About ten years ago, Sahadev Sharma, then with the Institute of Pacific Islands Forestry, and I discovered that 20-year-old mangrove plantations in Cambodia had carbon stocks comparable to those of intact forests," Rich MacKenzie, also with the Institute of Pacific Islands Forestry,stated.

MacKenzie and Sharma assembled a team of mangrove researchers that came together from across the globe to lend their expertise. Led by Carine Bourgeois from the Forest Service's International Programs office, the team used logistic models compiled from 40 years of data and built from almost 700 planted mangrove stands worldwide to measure carbon stock. They discovered, after 20 years, the trees' carbon stock reached 71-73% of that found in intact stands.

These research findings could have a positive impact on efforts to restore mangroves worldwide. Along with historical losses, human-driven land use change, extreme weather events, and erosion have wiped out 35 % of the global mangrove area over the past five decades.

"As our dataset grows and more data become available, we hope researchers and stakeholders will gain new insight into planning and techniques for restoring mangroves," Sharma stated.

Part of that research work also involves monitoring mangroves to see how they're faring.




"Periodic and regular monitoring of mangroves can provide useful data on survival and success of restoration efforts and can help devise adaptive management strategies as and when needed," Rupesh Bhomia, from the Center for International Forestry Research and World Agroforestry (CIFOR-ICRAF), stated.

Globally, there's more recognition that conserving and restoring mangroves is vital. These trees are not only powerhouses of carbon storage, but coastal guardians that act as barriers during tsunamis and storm surges. Mangroves also provide habitat for diverse species and nurseries for many aquatic animals.

But MacKenzie warns that mangrove plantations are not always a solution for restoring the trees.

"Properly planned and implemented mangrove plantations are more effective at restoring carbon stocks than are degraded stands. However, this does not mean that mangrove plantations are always the best restoration method," MacKenzie stated.

Planting mangroves is not a replacement, nor does it compensate for conserving intact stands, the researchers emphasized.

"Our models indicate that replanting in all highly restorable mangrove areas would absorb less than one percent of annual global emissions over 20 years. That's why conserving existing mangrove stands is paramount," Bourgeois emphasized.
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Pumpkin disease not evolving, could make a difference for management | ScienceDaily
The pathogen that causes bacterial spot is very good at what it does. Forming small lesions on the rinds of pumpkins, melons, cucumbers, and other cucurbits, it mars the fruits' appearance and ushers in secondary pathogens that lead to rot and severe yield loss. The bacterium, Xanthomonas cucurbitae, is so successful that it has had no reason to evolve through time or space. That's according to new University of Illinois Urbana-Champaign research characterizing the pathogen's genetic diversity across the Midwest.


						
"Previously, we sequenced the Xanthomonas cucurbitae genome from a sample taken in New York in 1926. In our current study, we sequenced genomes of samples taken by our collaborators across the Midwest in 2012 and 2013. All of the genomes were really quite similar, greater than 99% identical, but one isolate from Michigan was 99.9% identical to that 1926 isolate. Our results show there's been very little pressure on this pathogen to evolve," said Sarah Hind, assistant professor in the Department of Crop Sciences, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

The surprising result suggests the pathogen is a one-trick pony. It surges reliably under specific conditions -- hot and wet -- and lurks quietly in the background otherwise. But the genetic uniformity could be good news for breeders looking to develop resistant crops.

"If we were able to deploy a resistant plant population, then it should be pretty effective against what they would likely encounter, at least across the Midwest and probably much of the U.S., because there's not a lot of diversity in pathogen populations," she said.

Hind says there's currently no known resistance in commercially available cucurbit crops, but she and her collaborators found bacterial spot resistance in experimental pumpkin and squash lines in a 2021 study. Still, she says they'd need to screen a lot more varieties before breeding efforts for resistance could begin in earnest.

In addition to opening up potential opportunities for developing disease-resistant cucurbits, the findings could inform current and future management strategies. For example, Hind says bacterial spot isn't particularly responsive to industry-standard copper antimicrobial sprays. Knowing more about the genetic capabilities of the pathogen could forecast whether such management strategies will be effective long-term.
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Atlas of proteins reveals inner workings of cells | ScienceDaily
Scientists at the University of Cambridge have developed an atlas of proteins describing how they behave inside human cells. This tool could be used to search for the origins of diseases which are related to proteins misbehaving such as dementia and many cancers.


						
The atlas, which is published in Nature Communications, has allowed the researchers to find new proteins inside cells that are responsible for a range of important bodily functions. The team focuses on a droplet-like part of the cell called a condensate which is a meeting hub for proteins to go and organise themselves. These hubs are also key sites where disease processes start.

The predictions are available with the paper so researchers around the globe can explore their protein targets of interest and any surrounding condensate systems.

"This model has allowed us to discover new components in membraneless compartments in biology as well as discover new principles underlying their function." said Professor Tuomas Knowles, who led this research.

Protein condensates

Cells are made of carefully organised molecules and one method they use to organise themselves is by meeting inside a condensate. This hub is microscopic and found inside a cell. These condensates are part of the essential machinery that makes living cells work.

"To date we have not had a comprehensive map of which proteins go together into which condensates, but in our work we provide a first such atlas," said Knowles.




Using AI

The rules directing proteins inside cells are not completely understood so the team decided to build this atlas to predict which proteins meet inside condensates.

"What motivated this research was the desire to understand the full complexity of protein condensates and to go a layer deeper than what scientists have researched so far," said Dr Kadi Liis Saar, first author on this research and a postdoctoral fellow at the Centre for Misfolding Diseases.

The researchers used large databases, such as StringDB and BioGRID, which contain data on many aspects of cells, along with more in-depth case studies about individual condensates.

The power of AI lets scientists combine these data even though the information is complex, vast, and difficult to compare. Where previous work focussed on a handful of proteins, the atlas can characterise the full landscape of a cell.

"With this atlas we can make predictions about every single protein in a cell, where exactly it would be found and what sorts of other proteins it interacts with," commented Saar. "We hope that this generates opportunities for researchers and opens up new possibilities for intervention in diseases associated with aberrant condensate formation."

Protein discoveries




The AI found proteins present in the model cell that had never been observed before. If these proteins are now found in a lab then this is a good indicator that the AI is accurate.

"In our study, we discovered proteins within condensates that have never been seen there before. These proteins are involved in important functions in the body, such as the distribution of fat, the creation of actin inside cells, and the creation of new proteins. These proteins were not detected in the previous study that we used as our training set.

"We hope these data will enable new discoveries about the biological roles of condensates as well as the biophysical drivers behind condensate formation."
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Discovery of a new defense mechanism in bacteria | ScienceDaily
When confronted with an antibiotic, toxic substance, or other source of considerable stress, bacteria are able to activate a defence mechanism using cell-to-cell communication to 'warn' unaffected bacteria, which can then anticipate, shield themselves and spread the warning signal. This mechanism1 has just been described for the first time by a team of scientists2 from CNRS and Universite de Toulouse III -- Paul Sabatier. It paves the way for the development of new, more effective antibiotic treatments that can target this bacterial communication system.


						
When they perceive a source of stress, bacteria spring into action, inducing changes in the expression of certain genes and their physiological properties to make them less vulnerable to the detected lethal substance. They also produce small 'alarmone' proteins3 on their surface in order to contact and activate random neighbouring bacteria. Unstressed bacteria can only change state in the presence of a sufficient amount of alarmones. Thus, only a source of stress perceived by sufficient bacteria can trigger propagation of this activation4.

The mechanism offers several advantages: it limits the unnecessary use of energy and enables a rapid and coordinated response in the population. Because activation is gradual, it creates diversity in the population over time, thus increasing the bacteria's chances of survival.

These findings, published on 10 July in Nature Communications, were established using a dozen different families of antibiotics on populations of Streptococcus pneumoniae, the bacteria that causes pneumococcal infections.

Notes

1 -- Known as Self Induction and Propagation (SI&P)

2 -- Working at the Laboratoire de microbiologie et de genetique moleculaires (CNRS/ Universite Toulouse III-Paul Sabatier)

3 -- Also known as Competence Stimulating Peptide (CSP)

4 -- This prevents the mechanism from being triggered when the source of stress only affects a single bacterial cell. Activation due to an internal source of stress that is unique to a cell, for example, does not trigger the mechanism.
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Mozambican Woodlands could store more than double the carbon previously estimated | ScienceDaily
The capacity of Mozambican woodlands to capture and store carbon is underestimated and potentially undervalued for their protection and restoration, finds new research from an international team of scientists including UCL researchers and led by carbon data provider Sylvera.


						
The research, published in Nature Communications Earth & Environment, found that miombo woodlands, which span large areas of Sub-Saharan Africa, store 1.5 to 2.2 times more carbon than had previously been estimated by standard methods.

Named for the miombo trees found in the region, these biomes (geographical areas defined by their local species and climate) are vital ecosystems that directly support many millions of livelihoods, regulate climate and water resources, provide habitats for plants and animals, and hold cultural and spiritual significance. Over the past 40 years, deforestation has reduced these woodlands from 2.7 to 1.9 million square kilometres, making accurate ongoing monitoring essential. The deforested sites span an area three times greater than the land area of the United Kingdom.

In 2022, the researchers, working with local Mozambican partners, collected 450 billion 3D measurements across more than 8 million trees covering 500 square kilometres of miombo woodlands in and around Gile National Park, Mozambique -- an area eight times the size of Manhattan. The team used ground, drone- and helicopter-based laser scanning to capture this data across intact woodlands, secondary woodlands in various states of degradation, and clear land.

These measurements were used to generate estimates of aboveground biomass (the weight of trees above ground) that showed the carbon stored in these woodlands was 1.5 to 2.2 times more than that predicted by conventional methods. This was partly due to the reliance of traditional techniques or methods, known as allometrics, that link simple-to-measure tree variables such as stem diameter and tree height to carbon, and have been found to underestimate the biomass of large trees. This new research marks the first time region-scale estimates of forest carbon have been calculated independent of allometry, using multi-scale lidar data.

Co-author, Professor Mat Disney (UCL Geography) said: "Using these 3D laser scanning measurements, we're able to significantly improve the accuracy of our estimates of the biomass and carbon stored in these critical and dynamic miombo woodlands. The fact that these new results are so much greater than previous estimates demonstrates that these ecosystems are even more important than we thought and highlights why we need to protect them, now more than ever."

Applying the results of this study across all of Africa's miombo woodlands, suggests that conventional measurement techniques potentially underestimate their carbon stocks by an amount of carbon nearly equivalent to the total atmospheric increase in a single year.




Extrapolating the results across all miombo woodlands, the study estimated they potentially store 13.6 billion tonnes of equivalent carbon dioxide (Gt CO2e) more carbon in their aboveground biomass than currently expected, though this extrapolation requires additional data for confirmation.

The results of the study have important implications for the understanding of the role that miombo woodlands can play in efforts to tackle climate change. Their destruction could release significantly more carbon than thought, and governments, business and finance need to do much more to prioritise protecting and restoring these often forgotten forests as a crucial climate change mitigation pathway.

The unprecedented accuracy and reliability of the 3D measurements collected in this new study show it is possible to obtain the kind of data necessary to provide confidence and certainty in the value of carbon credits and scale finance to nature-based solutions, especially those involving forests. It also suggests the value of investing in, or financing, activities such as forest restoration or avoiding deforestation is even greater than previously thought.

Co-author Dr Laura Duncanson, of the University of Maryland and NASA GEDI science team, said: "Mapping biomass from space is always limited by the availability of high-quality calibration and validation data. This research demonstrates the state of the art in multi-scale lidar methods for linking trees to satellites. We are now working to integrate these data into our NASA GEDI biomass products, and fully expect they will lead to improvements in mission estimates over miombo woodlands in Mozambique, and beyond."

The data collection and analysis were led by Sylvera, a data provider that combines cutting-edge technology with leading carbon measurement methods to ensure funding is going to the projects, companies, and countries having maximum climate impact to get the world on track for net zero.

Allister Furey, CEO and Co-founder of Sylvera, said, "Ultimately, fighting climate change is a finance issue. We need more money flowing to the known solutions, predominantly our natural carbon sinks. Yet, many investors simply don't understand these types of investments, or are put off by lack of certain measurements and so avoid them.

"To help increase investor confidence, Sylvera has pioneered a new way to measure carbon stored in nature and scaling those measurements with machine learning models so that we can know the true impact of restoring it and the harmful effects of damaging it. Our team's findings across miombo woodlands is a true testament to the power of how technology can help us better understand nature to expedite investment and make real net zero progress, because we're simply running out of time."

The work was led by researchers at Sylvera, in conjunction with researchers from UCL, NERC National Centre for Earth Observation (NCEO), University of Maryland, University of Edinburgh, Mozambique, and the University of Leicester, and in collaboration with and co-financing from the National Fund for Sustainable Development (Mozambique) and The World Bank Group.
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Research reveals the most complete dinosaur discovered in the UK in a century | ScienceDaily
The most complete dinosaur discovered in this country in the last 100 years, with a pubic hip bone the size of a 'dinner plate', has been described in a new paper published today.


						
The specimen, which is around 125 million years old, was found in the cliffs of Compton Bay on the Isle of Wight in 2013 by fossil collector Nick Chase, before he tragically died of cancer.

Jeremy Lockwood, a retired GP and University of Portsmouth PhD student, helped with the dinosaur's excavation and has spent years analysing the 149 different bones that make up the skeleton.

Jeremy determined that the skeleton represented a new genus and species, which he named Comptonatus chasei in tribute to Nick.

Jeremy said: "Nick had a phenomenal nose for finding dinosaur bones -- he really was a modern-day Mary Anning. He collected fossils daily in all weathers and donated them to museums. I was hoping we'd spend our dotage collecting together as we were of similar ages, but sadly that wasn't to be the case.

"Despite his many wonderful discoveries over the years, including the most complete Iguanodon skull ever found in Britain, this is the first dinosaur to be named after him."

When it was first discovered, the specimen was thought to be a known dinosaur called Mantellisaurus, but Jeremy's study revealed a lot more dinosaur diversity. Indeed, this is the second new genus to be described by Jeremy.




He said: "I've been able to show this dinosaur is different because of certain unique features in its skull, teeth and other parts of its body. For example its lower jaw has a straight bottom edge, whereas most iguanodontians have a jaw that curves downwards. It also has a very large pubic hip bone, which is much bigger than other similar dinosaurs. It's like a dinner plate!"

Jeremy doesn't know why the pubic hip bone, which is placed at the base of the abdomen was so big: "It was probably for muscle attachments, which might mean its mode of locomotion was a bit different, or it could have been to support the stomach contents more effectively, or even have been involved in how the animal breathed, but all of these theories are somewhat speculative."

Jeremy named the dinosaur Comptonatus after Compton Bay where it was found and 'tonatus' is a latin word meaning 'thunderous'.

"This animal would have been around a ton, about as big as a large male American bison. And evidence from fossil footprints found nearby shows it was likely to be a herding animal, so possibly large herds of these heavy dinosaurs may have been thundering around if spooked by predators on the floodplains over 120 million years ago."

Dr Susannah Maidment, Senior Researcher and palaeontologist at the Natural History Museum and senior author of the paper completed whilst supervising Jeremy's PhD, commented: "Comptonatus is a fantastic dinosaur specimen: one of the most complete to be found in the UK in a century.

"Its recognition as a new species is due to incredibly detailed work by NHM Scientific Associate Dr Jeremy Lockwood, whose research continues to reveal that the diversity of dinosaurs in southern England in the Early Cretaceous was much greater than previously realised.




"The specimen, which is younger than Brighstoneus but older than Mantellisaurus (two iguandontian dinosaurs closely related to Comptonatus) demonstrate fast rates of evolution in iguandontian dinosaurs during this time period, and could help us understand how ecosystems recovered after a putative extinction event at the end of the Jurassic Period."

Despite only four new dinosaur species being described on the Isle of Wight in the whole of the 1900s, there have been eight new species named in the last five years.

Jeremy added: "This really is a remarkable find. It helps us understand more about the different types of dinosaurs that lived in England in the Early Cretaceous. This adds to recent research that shows that Wessex was one of the world's most diverse ecosystems."

The dinosaur has been added to the collections at the Dinosaur Isle Museum in Sandown on the Isle of Wight. The paper is published today in the Journal of Systematic Palaeontology.

Dr Martin Munt, Dinosaur Isle curator, said: "Ongoing research on the museum collection continues to reveal exciting new discoveries. Most of Nick's most important finds have remained on the Island, a lasting legacy.

"We can look forward to many more new types of prehistoric creatures being discovered from the Island's cliffs and collection."

Mike Greenslade, General Manager for the National Trust on the Isle of Wight, said: "This extraordinary discovery at National Trust's Compton Bay highlights the rich natural heritage of the Isle of Wight.

"Finding the most complete dinosaur in the UK in a century not only showcases the island's palaeontological significance but also underscores the importance of preserving our landscapes for future generations to explore and learn from.

"Nick Chase's remarkable find and Jeremy Lockwood's dedicated research are a testament to the incredible history waiting to be uncovered here. We are thrilled to be part of this ongoing journey of discovery and scientific advancement."
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Not so simple: Mosses and ferns offer new hope for crop protection | ScienceDaily
Mosses, liverworts, ferns and algae may offer an exciting new research frontier in the global challenge of protecting crops from the threat of disease.


						
These non-flowering plants are often regarded as unsophisticated compared to their flowering relatives - which include major crops.

However, new research carried out by the John Innes Centre has found that non-flowering bryophytes, and mosses in particular, contain sophisticated immune receptor repertoires.

"The non-vascular and non-flowering bryophytes are often thought of as simple predecessors of flowering plants, but we find that mosses in particular have an expanded set of immune receptors that are perhaps the most complex amongst plants," said Dr Phil Carella, a group leader at the John Innes Centre and author of the study.

Biotechnological techniques revealed that NLR immune receptor domains which protect plants against pathogens are transferable between flowering and non-flowering plants.

Dr Carella added, "The exciting part of this study is that the diverse immunity found in non-flowering plants like mosses are transferable, so they offer us a source of new resistance genes against pathogens."

The discovery opens exciting new possibilities for engineering immunity in major crops which are facing a growing threat from emerging and rapidly evolving pathogens exacerbated by climate change.




Plants have developed leucine-rich-repeat (NLR) immune receptors to detect pathogens over millions of years. The NLRs of flowering plants is a well-studied subject, but much less is known about the form and function of receptors from divergent lineages of non-flowering, non-vascular bryophytes.

Bryophytes diverged from flowering plants over 500 million years ago, and knowledge of their immune systems is limited. Using a combination of genetic and computational tools, the team focused on the N-terminal domain of NLR immune receptors that encode the biochemical basis of plant immunity.

They found that there was remarkable structural and functional similarity between immune receptor domains across diverse plant lineages, even though the genetic sequences of these domains was highly variable.

By using transient expression techniques, they transferred immune receptor genes obtained from non-flowering plants like the liverwort Marchantia polymorpha into a flowering plant Nicotiana benthamiana, a type of dwarf tobacco.

Diverse immune receptor domains activated strong immune responses when transiently expressed in flowering plants. The reverse was also true, as researchers found they could functionally transfer an immune domain from flowering plants into to non-flowering plants.

The fact that these domains are transferable and function across plant lineages is a breakthrough in understanding and offers practical applications for crop protection.




"This means that we can use non-flowering plants like mosses or liverworts as a source of new resistance genes against crop pathogens," explained Dr Carella, "We show that we can indeed leverage the vast evolutionary diversity of immune receptors from across the entirety of the plant kingdom. So, our scope to engineer immunity is therefore a lot larger than we originally thought."

The team is also exploring the evolutionary novelties encoded in bryophytes as a source of gene discovery that can be used to protect crops against diseases.

Future experiments will seek to identify pathogen molecules that trigger immunity across diverse plants.

The researchers will also try to understand how the components of the immune receptor come together to activate an immune response.

The research also offers biological insight, said Dr Carella, "It is often considered that flowering plants are the pinnacle of evolution. But our study shows that there is likely a complexity of immune receptor biochemistries in non-flowering plants, which could offer a new reservoir for immunity if we can transfer these into crops."
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Wolves' return has had only small impact on deer populations in NE Washington | ScienceDaily
Humans drove wolves to extinction in Washington state around the 1930s. Thanks to conservation efforts, by about 80 years later, wolves had returned -- crossing first from the Canadian border into Washington around 2008 and later entering the state from Idaho. Since then, wolf numbers in Washington have been steadily growing, raising questions about what the return of this large predator species means for ecosystems and people alike.


						
In northeast Washington, where wolves have recovered most successfully, researchers from the University of Washington and the Washington Department of Fish and Wildlife tracked one of their primary prey -- white-tailed deer -- in part to see what impact wolf packs are having on deer populations. The answer? So far, wolves aren't having as much of an impact on deer as other factors.

In a paper published June 18 in Ecological Applications, the team reports that the biggest factors shaping white-tailed deer populations in northeast Washington are the quality of habitat available and a different, long-established large predator in the state: the cougar, also known as the mountain lion or puma. Wolves were a distant third in their impact.

"A big take-away from this study is that wolves are not returning to empty landscapes. These are places with humans and other carnivore species, like cougars, which will affect the impact that wolves can have," said lead author Taylor Ganz, who conducted this research for her UW doctoral degree as part of the Washington Predator-Prey Project. "This area has a relatively high human footprint compared to other areas where wolves have been studied. These are not national parks or dense, old-growth forests. They are areas with active logging, farming, ranching and towns. Our findings show that these factors are likely limiting the impact of wolves on one of their primary food sources."

It's not that wolves aren't preying on white-tailed deer. According to the study, they are, just not enough to take a large bite out of the population as a whole.

White-tailed deer are widespread east of the Cascades. The state's highest-density population of this species lies within the study area, which includes farmland and timber forests in parts of Stevens and Pend Oreille counties in northeast Washington. For the study, researchers radio-collared 280 white-tailed deer, 14 wolves, 50 cougars, 28 coyotes and 33 bobcats from 2016 to 2021. At the time of collaring, the researchers also noted vital statistics, including body condition, age and whether females were pregnant. When collared animals died, the team conducted a mortality investigation, if possible, and attempted to determine the cause of death.

The team, which also includes researchers with Washington State University and the Spokane Tribe of Indians, used the resulting dataset to estimate the growth rate of the white-tailed deer population over the four-year study, and to identify the major factors shaping it. The analysis determined that the white-tail population in the study area was likely stable, or slightly declining, but that wolves were not largely responsible.




The biggest factor impacting the deer population was habitat quality, including the amount of forage available for deer. For white-tailed deer, which are highly adaptable to human activity, foraging sites can range from forests and shrublands to agricultural fields. The study area includes both agricultural land and forests recently harvested for timber, both of which could provide deer with high-caloric density foraging sites, according to Ganz.

After habitat quality, the study found that predation by cougars had a smaller effect on the white-tailed population. Wolf predation had a still smaller impact. Bobcats and coyotes -- both medium-sized predators -- had a negligible impact on deer numbers.

"Studies like this provide valuable insights about the complexity of these systems and how managing predator and prey populations is challenging and dynamic," said co-author Melia DeVivo, a research scientist with the WDFW. "It's important to continue evaluating these systems to understand the impacts of management decisions. Prior to this study, one might have expected that relying solely on wolf management strategies would result in a booming deer population, when it is clearly more complex than that."

Since their return, the number of wolves in Washington has risen steadily, reaching a minimum of 260 in 2023, according to state researchers. Four wolf packs reside in the northeast Washington Predator-Prey Project study area. The total number of wolves in the study area -- about 23 -- remained steady overall during the research period.

The team's findings contrast with studies of long-established wolf populations in protected areas, like Yellowstone National Park, which show a higher impact of wolves on the population dynamics of their prey species. To the authors of this new study, those differences highlight the importance of studying wolves in a variety of habitats.

"This study reminds us that the population dynamics of predator and prey species can vary quite a bit," said senior author Laura Prugh, a UW associate professor of environmental and forest sciences. "Habitat quality, the species that are present and the degree of human activity all affect the impact that large predators like wolves will have. It's critical to compare different types of sites."

The paper is part of the Washington Predator-Prey Project, a partnership between the UW and the WDFW to investigate the impact of the wolves' return on state ecosystems. Additional co-authors are Sarah Bassing , a UW doctoral alum in environmental and forest sciences; Lauren Satterfield, a UW doctoral student in environmental and forest sciences; biologists Brian Kertson and Benjamin Turnock with the WDFW; Lisa Shipley, a professor at WSU; Savannah Walker and Derek Abrahamson, both biologists with the Spokane Tribe of Indians; Beth Gardner, a UW associate professor of environmental and forest sciences; and Aaron Wirsing, a UW professor of environmental and forest sciences. The research was funded by WDFW, the National Science Foundation, the Rocky Mountain Elk Foundation, and the UW College of the Environment.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240710130910.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The detection of a massive harmful algal bloom in the Arctic prompts real-time advisories to western Alaskan communities | ScienceDaily
In summer of 2022, a research cruise detected a massive harmful algal bloom (HAB) in the Bering Strait region of western Alaska. This expedition provided a dramatic example of science utilizing new technology to track a neurotoxic HAB, and effectively communicate information that protects remote coastal communities in real-time.


						
The large spatial scale, high cell density, long duration, and potent toxicity of the 2022 HAB event "posed an unprecedented risk to human and ecosystem health as well as maritime subsistence harvest activities in the Bering Strait region and beyond," according to the journal article "Tracking a large-scale and highly toxic Arctic algal bloom: rapid detection and risk communication," published in Limnology and Oceanography Letters.

Researchers from the Woods Hole Oceanographic Institution (WHOI) and its partners, noted that, to their knowledge, the 2022 event was the largest HAB event documented in polar waters to be caused by the single-celled organism Alexandrium catenella, which produces neurotoxins called paralytic shellfish toxins (PSTs). Toxins produced by this organism as it proliferates or "blooms" can accumulate in organisms that consume the algae, and the toxins can then be transferred through the food web causing illness or mortality of marine animals and potentially fatal Paralytic Shellfish Poisoning (PSP) in people who eat contaminated seafoods.

The bloom of Alexandrium stretched at least 600 kilometers (~370 miles) from the northern Bering Sea to the southern Chukchi Sea at its peak. While concentrations of A. catenella in excess of 1,000 cells per liter are considered dangerous, the measured maximum concentrations in this bloom exceeded 174,000 cells per liter -- a record breaker for Arctic waters. In addition, the high toxicity of the Alexandrium cells compounded the poisoning risk from the bloom, according to the researchers.

The 2022 event "represented a striking example of northward bloom advection" -- i.e., transport -"from subpolar waters, as well as eastward penetration into Alaskan Coastal waters due to local wind forcing. This mixing of nutrient-rich Bering Sea water with warm coastal waters likely fueled A. catenella growth and accumulation," the article states. "As continued warming shifts the Pacific Arctic towards more favorable conditions for A. catenella blooms, comprehensive monitoring and response resources will be essential in mitigating the impacts of future bloom events."

""A goal of this study is to bring more attention to some of the serious issues this region is facing, knowing that as climate changes and the Arctic continues to warm, it's more likely that we are going to see blooms like this occurring in polar waters. We are hopeful that this research can motivate more robust testing and monitoring," said journal article lead author Evie Fachon, a biologist and Ph.D. candidate in the Massachusetts Institute of Technology/WHOI Joint Program.

Fachon, who led the HAB team on the cruise, recalled watching from the research vessel R/V Norseman II as data came in from an Imaging FlowCytobot (IFCB), a robotic microscope that was configured to sample near-surface waters, collect imagery of the phytoplankton community along the cruise track, and enable real-time detection of the A. catenella bloom as it spread into Arctic waters during the course of two back-to-back cruise legs lasting a total of six weeks. "As we recorded the cell concentration getting higher and higher as the vessel tracked north, we knew we needed to provide that information to people in the region who could be impacted," she said.




Working in collaboration with tribal and state governments and other regional hub community-based groups in Nome, a communications plan had proactively been planned, allowing for rapid situational awareness and public health precautions to be conveyed to people in remote areas.

With many western and northern Alaskan coastal communities relying on a diverse array of marine resources for subsistence and commercial harvest activities, researchers and collaborators distributed risk advisories to tribal governments, regional media, and the public shortly after the 2022 bloom was detected. The efforts "mobilized a rapid and unprecedented regional response in an area with little experience of HABs, much less one of this magnitude," the researchers noted.

Gay Sheffield, the Marine Advisory Program Agent for Alaska Sea Grant, recalled that within 24 hours of assisting with the first regional advisory, the tribally owned Norton Sound Health Corporation (NSHC) had its community-based health clinics on alert for symptoms of PSP, a novel human health risk to the Bering Strait region. Sheffield, a co-author of the journal article, was able to re-route a marine mammal carcass survey to alert people and provide educational as well as emergency response information on Little Diomede Island, which is in the middle of the Bering Strait between the Alaskan mainland and Chukotka, Russia. The community at Diomede Island was at the epicenter of the unprecedented high cell counts and high toxicity during the event. "I had just 15 minutes on the helipad to caution people to not harvest their primary subsistence seafoods such as walruses, bearded seals, clams, and tunicates and to provide people with printed advisory and educational materials. It was a difficult message to have to give -- and certainly for the community to receive -- regarding human health, food safety, and food security concerns."

Another example of the advisories' reach was when a local family had unexpectedly caught a large clam near St. Lawrence Island located at the southern end of the Strait in the northern Bering Sea and wanted to share that clam with their youngest child. However, due to the regional advisories, the family instead sent the clam to the NSHC in Nome for toxicity testing. Subsequent test results showed this clam had more than five times the federal seafood regulatory limit for the PST called saxitoxin. The incident was a sobering example of this new health threat to regional peoples. The researchers said they are not aware of anybody who got sick during the bloom event.

"When we planned the research cruise, we wanted to document the dynamics of a very important and poorly understood process connected to climate and a changing environment in Alaska," said journal co-author Don Anderson, academic advisor to Fachon and a senior scientist in the Biology Department at WHOI, where he also serves as director of the U.S. National Office for Harmful Algal Blooms.

"Science has advanced to allow us to obtain this real-time offshore HAB information, and to show how important it is to society," Anderson said. "We demonstrated how this sophisticated instrument, the IFCB, provides critical information from the ship, can be the centerpiece of a regional observing system, even in very remote and underserved -- in terms of accessibility, power, and internet -- areas."

Collaboration between the researchers and regional communities "was key for better communication and outreach in real time during this dangerous situation," Sheffield said. "The bloom was a threat to the diverse marine wildlife that regional people and communities rely on for their nutritional, cultural, and economic well-being. This incident shows that researchers and western Alaskan communities benefit by working together, which is a strategy the Bering Strait region excels at -- especially in times of trouble. With the climate continuing to warm, we will have to adapt to this new problem, and we are at the beginning phase of that."
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The Gulf Stream is wind-powered and could weaken from climate change | ScienceDaily
New evidence of changes to the Gulf Stream during the last ice age could indicate additional sensitivity to future climatic changes, finds a new study led by UCL researchers.


						
The research, published in Nature, found that during the last ice age about 20,000 years ago, the Gulf Stream was stronger than today because of more powerful winds across the subtropical North Atlantic. This could mean that if climate change causes a reduction in subtropical winds in the future, as initial research is beginning to indicate1, the Gulf Stream could also weaken. This would limit the amount of tropical heat that reaches Europe, cooling the continent and causing higher sea levels in North America, but the likely size of this potential effect is still unclear.

The Gulf Stream is a surface current that flows up the east coast of the US then crosses the Atlantic to Europe, carrying warm tropical water with it. This warm water releases heat into the atmosphere, warming Europe.

The researchers found that during the last ice age, when ice sheets covered much of the northern hemisphere, stronger winds in the region resulted in a stronger and deeper Gulf Stream. However, despite the stronger Gulf Stream, overall, the planet was still much colder than today.

Lead author Dr Jack Wharton (UCL Geography) said: "We found that during the last ice age, the Gulf Stream was much stronger because of stronger winds across the subtropical North Atlantic. As a result, the Gulf Stream was still moving lots of heat northwards, despite the rest of the planet being far colder. Our work also highlights the Gulf Stream's potential sensitivity to future changes in wind patterns. For example, if in the future winds are weaker, as shown in a recent study using climate models, it could mean a weaker Gulf Stream and a cooler Europe."

The Gulf Stream is also part of the vast Atlantic Meridional Overturning Circulation (AMOC), which is driven by both deep water formation in the subpolar North Atlantic, where cooling causes surface waters to become dense and sink, as well as winds. Scientists have previously raised concerns about how climate change could weaken the AMOC as melting glacial water pouring off Greenland could disrupt deepwater formation, preventing warm tropical water from reaching Europe and thus cooling the continent.

Together, the combined effect of weakening winds and reduced deep water formation could significantly weaken the Gulf Stream. If the AMOC were to collapse -- considered an unlikely but possible future scenario -- European temperatures would cool by 10 to 15 degrees Celsius, wreaking havoc on continental agriculture and weather patterns, and the decrease in the wind-driven part of the Gulf Stream would further exacerbate this.




Co-author Professor Mark Maslin (UCL Geography) said: "It's not always recognised how much ocean currents are responsible for transferring heat around the planet and shaping our climate. Paradoxically, the warming of the climate could cool down much of Europe by disrupting the AMOC. Our new research adds to this understanding, and shows that the weakening of the winds which drive the Gulf Stream could reduce the circulation of heat, further affecting the continent."

Though the AMOC and its constituent currents, including the Gulf Stream, is sometimes referred to as a giant conveyer belt, this study highlights the system's complexity, with each part of the current capable of having its own unique response to climate change.

Co-author Professor David Thornalley (UCL Geography) said: "Rather than the established conveyor belt metaphor, perhaps it is better to think of the AMOC as a series of interconnected loops. There is the subtropical loop -- that the Gulf Stream is part of -- and a subpolar loop, which carries heat further northwards into the Arctic. During the last ice age, our findings show that the subtropical loop was stronger than it is today, whereas the subpolar loop is thought to have been weaker. Therefore, when investigating anthropogenic climate change and the AMOC, we need to consider how these different parts may change and what climate impacts each is associated with."

To gauge the strength of the prehistoric Gulf Stream, the researchers analysed the fossil remains of foraminifera -- microorganisms that live at the bottom of the ocean -- taken from sediment cores recovered off the coast of North Carolina and Florida, in collaboration with researchers based at Woods Hole Oceanographic Institute in Massachusetts.

The researchers found that foraminifera taken from layers dating to the last ice age in sediment cores from different locations beneath the Gulf Stream had isotopic signatures (the ratio of oxygen-18 to oxygen-16, which is controlled by a combination of temperature and salinity) that indicated a Gulf Stream that was twice as deep and flowing twice as fast compared to today.

This research was supported by NERC, the Leverhulme Trust, the National Science Foundation, and the European Union's Horizon Europe and Horizon 2020 Research and Innovation Programmes.

1Asbjornsen, H., & Arthun, M. (2023). Deconstructing future AMOC decline at 26.5 N. Geophysical Research Letters, 50(14), e2023GL103515.
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Discovery could help reduce adverse side effects of popular next-generation obesity medications | ScienceDaily
The next chapter in the story of headline-making popular obesity drugs may center on the physiological relationship between feeling satisfied after a meal versus the neurological control of nausea. By teasing apart the therapeutic benefits from the adverse effects of these medications, researchers from the Monell Chemical Senses Center found a population of neurons in the brain that controls food intake without causing nausea in an animal model.


						
The study, published today in the journal Nature, describes two distinct neural circuits that govern different effects of the same drug. The drugs studied are among the most effective weight-loss drugs available -- known as long-acting glucagon-like peptide-1 receptor (GLP1R) agonists -- which initiate neurochemical responses via receptors expressed in the body.

One of the most effective and popular GLP1-based drugs -- called semaglutide and marketed as Ozempic(r) and Wegovy(r) -- produces impressive weight loss results in clinical trials. According to the World Health Organization, in 2022, 1 in 8 people globally were living with obesity, making the development of drugs like these of dire importance.

"One of the barriers to drug treatments for obesity is side effects such as nausea and vomiting," said senior author Amber L. Alhadeff, PhD, Monell Assistant Member. "We did not have a good idea of whether these unpleasant side effects are related or necessary for the weight-loss effects."

To find out, the Monell team investigated the brain circuits that link feeling full after ingesting a meal to those causing food avoidance due to feeling nauseated. The researchers found that neurons in the hindbrain mediate both effects of these obesity drugs, and unexpectedly also discovered that the individual neurons mediating satiety and nausea are different.

Two-photon imaging of hindbrain GLP1R neurons in live mice showed that most individual neurons are tuned to react to stimuli that are either nutritive or aversive, but not both. What's more, the study revealed that GLP1R neurons in one part of the hindbrain called the area postrema respond more to aversive stimuli, whereas GLP1R neurons in another area called the nucleus tractus solitarius lean toward nutritive stimuli.

Next, the team separately manipulated the two groups of GLP1R neurons to understand their effects on behavior. They found that activating neurons in the nucleus tractus solitarius triggers satiety, with no aversion behavior; whereas, activating neurons in the area postrema trigger a strong aversion reaction. Importantly, the obesity drugs reduced food intake even when the aversion pathway was inhibited. These surprising findings highlight the population of neurons in the nucleus tractus solitarius as a target for future obesity drugs to reduce food intake without making individuals feel sick.

"Developing experimental obesity drugs that selectively activate this population may promote weight loss while avoiding aversive side effects," said Alhadeff. In fact, say the authors, the concept of separating therapeutic and side effects at the level of neural circuits could, in theory, be applied to any drug with side effects.

In addition to Alhadeff, co-authors are first author Kuei-Pin Huang, Alisha A. Acosta, Misgana Y. Ghidewon, Aaron D. McKnight, Milena S. Almeida, Nathaniel T. Nyema, Nicholas D. Hanchak, Nisha Patel, Yenoukoume S. K. Gbenou, and Kevin A. Bolding, all from Monell, and Alice E. Adriaenssens from University College, London. Alhadeff, Bolding, Ghidewon, and McKnight are also affiliated with the Penn Medicine Department of Neuroscience.

This work was supported by the National Institutes of Health (R00DK119574 and DP2AT011965), the American Heart Association, New York Stem Cell Foundation, Klingenstein Fund and Simons Foundation, Pew Charitable Trusts, National Science Foundation (Grant2236662), the Penn Institute for Diabetes, Obesity, and Metabolism, and the Monell Chemical Senses Center. The confocal microscope used in these studies was purchased with an NIH instrumentation grant (S10OD030354). Alhadeff is a New York Stem Cell Foundation Robertson investigator and a Pew biomedical scholar.
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Big gain in battle against harmful bacteria | ScienceDaily
An unexpected find has enabled important progress to be made in the battle against harmful bacteria.


						
An international team of researchers, led by Professor Peter Fineran from the University of Otago, investigated a particular protein used by bacteria-infecting viruses, known as phages.

Research into this microscopic arms race between bacteria and phages is important as it can lead to alternatives to antibiotics.

Published in the journal Nature, the study analysed a protein phages use when deploying anti-CRISPR, their method of blocking the CRISPR-Cas immune system of bacteria.

Lead author Dr Nils Birkholz, of Otago's Department of Microbiology and Immunology, says understanding how phages interact with bacteria is an important step on the path to using phages against bacterial pathogens in human health or agriculture.

"Specifically, we need to know about the defence mechanisms, such as CRISPR, that bacteria use to protect themselves against phage infection, not unlike how we use our body's immune system against viruses, and how phages can counteract these defences.

"For example, if we know how phages kill a specific bacterium, this helps identify appropriate phages to use as antimicrobials. More specifically, it is important to understand how phages control their counter-defence arsenal, including anti-CRISPR, upon infection -- we must understand how phages regulate the expression of genes that are useful in their battle against bacteria," he says.




The research revealed just how carefully phages need to deploy their anti-CRISPRs.

"We already knew that a particular phage protein has a part, or domain, that is very common in many proteins involved in gene regulation; this helix-turn-helix (HTH) domain is known to be able to bind DNA sequences specifically, and depending on the context, can turn a gene on or off.

"What we found is the HTH domain of this protein is much more versatile and exhibits a regulatory mode which was previously unknown. It can use this domain to not only bind DNA, but also its RNA transcript, the molecule which acts as a mediator between the DNA sequence and the anti-CRISPR encoded in it.

"Because this protein is involved in regulating the production of an anti-CRISPR, it means this regulation has additional layers- it happens not only through the DNA binding mechanism, but also through the new mechanism we discovered of binding the messenger RNA."

Professor Fineran says the finding could have big implications for the understanding of gene regulation.

"Unravelling this unexpectedly complex regulation is important progress when it comes to understanding how phages can evade CRISPR-Cas defences and kill target bacteria in a range of applications.

"The discovery is particularly exciting for the scientific community because it shows a novel regulatory mechanism in a well-studied family of proteins.

"HTH domains have been thoroughly investigated since they were discovered in the early 1980s, so we initially thought our protein would act just like any other protein with an HTH domain -- we were very surprised when we uncovered this new mode of action.

"This finding has the potential to change the way the field views the function and mechanism of this critical and widespread protein domain, and could have big implications for our understanding of gene regulation," he says.
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Tackling the challenge of coca plant ID: Wild vs cultivated for cocaine | ScienceDaily

South American coca plants have been essential to Andean and Amazonian communities for at least 8,000 years. It is within these communities that they are thought to have evolved from wild to domesticated coca plants. Their leaves, packed with many active compounds, just one of these being cocaine, play a central role in social organisation and cultural identity of many communities, as well as being used for medicinal treatments, as nutritional supplements, and everyday stimulants. However, the global demand for cocaine as a recreational and criminalised drug has driven intensive cultivation of coca and contributed to deforestation and conflict in the region.

Coca plants belong to the Erythroxylum genus, which includes over 270 species, mostly native to the American tropics. Two primary species of cultivated coca are Erythroxylum coca and Erythroxylum novogranatense, grown mostly in different regions of northwestern South America, but with some geographical overlap. Because of domestication, these plants were thought to have distinctive leaf shapes -- smaller, rounder, and softer compared to wild species. Furthermore, the simple difference of rounder size in E. coca compared to E novogranatense has been used in attempts to identify species growing in plantations.

However, the study by researchers from the University of Portsmouth and Royal Botanic Gardens, Kew, with international partners including Universidad Distrital, Bogota, Colombia reveals that leaf size and shape are not reliable identifiers. Researchers examined 1,163 leaf outlines from 342 digital herbarium specimens of wild and cultivated coca. The statistical analysis showed a significant overlap between the species and varieties, making it difficult to distinguish between them.

Dr Natalia A. S. Przelomska, Lecturer in Bioinformatics at the University of Portsmouth said: "Existing methods for botanical species identification, as I was fortunate to learn first-hand from Colombian botanist Prof. Rocio Cortes-B., can be very effective in their simplicity. However, they become increasingly unreliable once one is looking at the level of varieties. This is a problem because there is a need to distinguish varieties grown exclusively for the illegal cocaine market from those that have enduring cultural significance, a whole host of traditional uses and quite likely also untapped medicinal potential. These varieties have been under Indigenous stewardship for millennia, yet we now have evidence that plantations for cocaine production are encroaching on Indigenous territories."

The researchers also showed there are distinctive traits of cultivated coca leaves: being rounder overall and narrower at the base. Although unreliable for identification, these are valuable clues regarding how these plants might have evolved in human cultivation.

The team also explored genetic relationships between coca plants, comparing their findings with existing classifications. They discovered that distinct coca varieties began evolving long before humans arrived in South America approximately 15,000 years ago.

Dr Przelomska highlights the importance of genetic techniques as a more accurate method for identifying and monitoring coca plants. "Genetic data offer a clearer picture, when complemented with looking at leaves and other plant organs that can be useful for recognising species, like parts of flowers. Importantly, our genetic work reveals a complex history of evolution of the coca plant, which explains why there are uncertainties in its classification system. Once these are clarified, it will be more feasible to develop cost-effective genetic methods for identification."

Dr Oscar Alejandro Perez-Escobar from Royal Botanic Gardens, Kew, a senior author who, along with Director of Science Alexandre Antonelli played a role in conceptualising this project says: "One of the primary objectives of our research is to propose a stable classification system and a comprehensive genetic database. This will enable us to confidently identify the different populations, varieties and species of cultivated coca and their wild relatives. Such a system is crucial for developing sustainable bioprospecting programs and the coca tree holds immense potential in this regard. But first, it is essential to separate the plant's valuable attributes from its association with the recreational drug, reshaping its perception and highlighting its positive uses."
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Researchers show promising material for solar energy gets its curious boost from entropy | ScienceDaily
Solar energy is critical for a clean-energy future. Traditionally, solar energy is harvested using silicon -- the same semiconductor material used in everyday electronic devices. But silicon solar panels have drawbacks: for instance, they're expensive and hard to mount on curved surfaces.


						
Researchers have developed alternative materials for solar-energy harvesting to solve such shortcomings. Among the most promising of these are called "organic" semiconductors, carbon-based semiconductors that are Earth-abundant, cheaper and environmentally friendly.

"They can potentially lower the production cost for solar panels because these materials can be coated on arbitrary surfaces using solution-based methods -- just like how we paint a wall," said Wai-Lun Chan, associate professor of physics and astronomy at the University of Kansas. "These organic materials can be tuned to absorb light at selected wavelengths, which can be used to create transparent solar panels or panels with different colors. These characteristics make organic solar panels particularly suitable for use in next-generation green and sustainable buildings."

While organic semiconductors already have been used in the display panel of consumer electronics such as cell phones, TVs and virtual-reality headsets, they have not been widely used in commercial solar panels yet. One shortcoming of organic solar cells has been their low light-to-electric conversion efficiency, about 12% versus single crystalline silicon solar cells that perform at an efficiency of 25%.

According to Chan, electrons in organic semiconductors typically bind to their positive counterparts known as "holes." In this way, light absorbed by organic semiconductors often produces electrically neutral quasiparticles known as "excitons."

But the recent development of a new class of organic semiconductors known as non-fullerene acceptors (NFAs) changed this paradigm. Organic solar cells made with NFAs can reach an efficiency closer to the 20% mark.

Despite their outstanding performance, it's remained unclear to the scientific community why this new class of NFAs significantly outperforms other organic semiconductors.




In a breakthrough study appearing in Advanced Materials, Chan and his team, including graduate students Kushal Rijal (lead author), Neno Fuller and Fatimah Rudayni from the department of Physics and Astronomy, and in collaboration with Cindy Berrie, professor of chemistry at KU, have discovered a microscopic mechanism that solves in part the outstanding performance achieved by an NFA.

The key to this discovery were measurements taken by lead author Rijal using an experimental technique dubbed the "time-resolved two photon photoemission spectroscopy" or TR-TPPE. This method allowed the team to track the energy of excited electrons with a sub-picosecond time resolution (less than a trillionth of one second).

"In these measurements, Kushal [Rijal] observed that some of the optically excited electrons in the NFA can gain energy from the environment instead of losing energy to the environment," said Chan. "This observation is counterintuitive because excited electrons typically lose their energy to the environment like a cup of hot coffee losing its heat to the surrounding."

The team, whose work was supported by the Department of Energy's Office of Basic Energy Sciences, believes this unusual process occurs on the microscopic scale thanks to the quantum behavior of electrons, which allow an excited electron to appear simultaneously on several molecules. This quantum weirdness pairs with the Second law of Thermodynamics, which holds that every physical process will lead to an increase in the total entropy (often known as "disorder") to produce the unusual energy gain process.

"In most cases, a hot object transfers heat to its cold surroundings because the heat transfer leads to an increase in the total entropy," said Rijal. "But we found for organic molecules arranged in a specific nanoscale structure, the typical direction of the heat flow is reversed for the total entropy to increase. This reversed heat flow allows neutral excitons to gain heat from the environment and dissociates into a pair of positive and negative charges. These free charges can in turn produce electrical current."

Based on their experimental findings, the team proposes that this entropy-driven charge separation mechanism allows organic solar cells made with NFAs to achieve a much better efficiency.

"Understanding the underlying charge separation mechanism will allow researchers to design new nanostructures to take advantage of entropy to direct heat, or energy, flow on the nanoscale," Rijal said. "Despite entropy being a well-known concept in physics and chemistry, it's rarely been actively utilized to improve the performance of energy conversion devices."

Not only that: While the KU team believes the mechanism discovered in this work can be utilized to produce more efficient solar cells, they also think it can help researchers design more efficient photocatalysts for solar-fuel production, a photochemical process using sunlight to convert carbon dioxide into organic fuels.
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Cutting farm nitrous oxide emissions helps climate and ozone layer | ScienceDaily
Farming methods can reduce nitrous oxide emissions without slowing down the overall recovery of the ozone layer, results from new research have shown.


						
Nitrous oxide (N2O), a powerful greenhouse gas which is 300 times more potent than CO2, is building up in the atmosphere at an alarming rate. Agriculture contributes significantly to N2O emissions.

New research, conducted by the University of Sheffield, showed that using special fertilisers and crushed basalt rocks (enhanced rock weathering) has the potential to reduce agricultural emissions of N2O without harming the ozone (O3) layer.

There is an international focus on developing N2O reduction strategies to stop soil from releasing nitrous oxide into the air but there have been concerns that cutting these emissions might slow down the recovery of the ozone layer.

The research team, from the University of Sheffield's Leverhulme Centre for Climate Change Mitigation, used a state-of-the-art earth system model to simulate the effects of reducing N2O emissions, using fertilisers with nitrification inhibitors and enhanced rock weathering, across two different climate scenarios, both following international agreements to protect the ozone layer.

The model allowed the research to take into account how other important gases (like CFCs) and future climate conditions affect the atmosphere. The scenarios differed in how much the Earth's temperature would rise. Reductions of N2O considered in the analysis represented a feasible planned strategy and demonstrated how this reduction strategy might impact the ozone layer under a variety of future conditions.

The study, published in the Nature Journal npj Climate and Atmospheric Science, is unique in that it bridges climate change mitigation and ozone layer protection, highlighting the dual benefits of N2O reduction strategies which can provide substantial climate benefits by cooling the planet from reducing N2O, protecting the O3 layer and hence not impacting harmful UV rays, and environmental benefits by reducing nitrate leaching into water bodies and natural habitats. This integration is important for developing comprehensive environmental policies.




The research was led by Dr Maria Val Martin and Dr David Beerling from the School of Biosciences and the Leverhulme Centre for Climate Change Mitigation at the University of Sheffield and conducted by Dr James Weber, former postdoctoral researcher at the University of Sheffield.

Dr Val Martin, UKRI Future Leaders Fellow at the University of Sheffield's School of Biosciences and co-author of the study said: "The results showed that a feasible use of fertilisers with nitrification inhibitors and enhanced rock weathering could cut agricultural N2O emissions by about 25 per cent without hindering ozone recovery.

"This supports the alignment of agricultural practices with international climate and ozone protection policies, such as the Montreal Protocol and we hope this will influence policymakers to integrate N2O mitigation measures more robustly into climate action plans and potentially lead to new regulations and incentives for farmers to adopt these practices."

The economic analysis from the study also showed cost-free co-benefits of enhanced weathering practices for N2O reduction.

Professor David J Beerling, Director of the Leverhulme Centre for Climate Change Mitigation and co-author of the study said: "The findings emphasise the importance of N2O mitigation for sustainable agriculture, aligning with efforts to reach net-zero emissions while still supporting increased food production for a growing population.

"The study has highlighted cost-effective methods for reducing N2O emissions, such as enhanced weathering of agricultural soils with crushed basalt. These practices offer financial savings for farmers and can reduce the overall cost of achieving climate goals, benefiting taxpayers and consumers."

Overall, this research shows that reducing N2O emissions from farms is a safe and effective way to fight climate change while protecting the ozone layer. It is hoped that this will lead to new farming practices that are good for the planet and for people.
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Researchers listen to the hearts of bats in flight | ScienceDaily
Researchers from Konstanz have measured the heart rate of bats over several days in the wild, including complete flights -- the first time this has been done for a bat species. To record the heart rate of male common noctule bats during flight, the scientists attached heart rate transmitters weighing less than one gram to the animals, which they then accompanied in an airplane while the bats flew, sometimes for more than an hour, in search of food. Their results, published in Proceedings of the Royal Society B, show how much energy bats consume over the course of a day and what energy-saving strategies they use to survive.


						
Researchers from the Max Planck Institute of Animal Behavior (MPI-AB) and the University of Konstanz used a special method to study male common noctule bats, which are found throughout Europe. Their aim was to understand exactly how much energy bats consume during the day and how this changes over the course of the year.

"Bats are fascinating animals that often share their habitat with us humans," says Lara Keicher, the lead author of the study. "But bats are still shrouded in mystery. We don't yet have a clear answer to simple questions such as: How much food do they need and can they find enough of it in different seasons to survive?" To predict how bats will fare in a changing climate, Keicher says it is crucial to know their energy requirements.

Bats with heart rate transmitters

To find out, the scientists fitted bats with small heart rate transmitters weighing just 0.8 grams. As with humans, heart rate can be used to determine energy consumption. The transmitters, which the bats only wore for a few days, send out an audio signal of the bats' heartbeat, which is then recorded using a radio receiver. However, this only works if the receiver is within a few hundred meters from the bats.

"During the day, it was no problem to record the heart beats without major interruptions because bats were resting in tree caves or bat boxes," says Keicher, who carried out the study as part of her doctoral thesis at the University of Konstanz and the MPI-AB. At night, however, bats fly out to hunt insects and can cover several kilometers in a short time. In order to accompany the bats around the clock, including during their nocturnal flight, the researchers flew in a small airplane to follow individuals for entire flights lasting more than an hour. "I know that we surprised Konstanz locals when our small plane flew in circles over the island of Mainau late at night," recalls Keicher.

Awake during the day

The team, which also included members of the Swiss Institute for Snow and Avalanche Research and the University of Freiburg, found that the heart rate of bats reaches around 900 beats per minute during flight. According to Keicher, who analyzed the signal, "it sounded like a single high-pitched tone to our ears."




Using the unique recordings of heart beats, the scientists discovered fascinating strategies that bats use to budget their energy consumption in different seasons. They found that male common noctule bats consume up to 42% more energy in summer compared to spring. This is mainly due to the fact that the bats in spring go into a kind of short daytime hibernation known as "torpor" -- an energy-saving state in which heart rate can be reduced to six beats per minute. "We saw that bats in spring could ramp up their heart rates when they wake up, reaching the top speed of 900 beats per minute within only a few minutes," says Keicher.

The team was surprised that male bats did not use torpor in summer at all. Keicher explains: "In the warmer months, when food is plentiful, males stay awake during the day to invest energy in sperm production in order to be ready for mating in the autumn." To replenish the energy used up, the males hunt twice as long in summer as in spring and eat up to 33 June beetles or over 2500 mosquitoes in one night.

The results have provided insights into the energetic challenges of bats and their fascinating survival strategies. This understanding will allow better predictions of how increasingly extreme temperature fluctuations or changes in food availability will affect the animals' lives and potentially threaten them.

The senior author of the study, MPI-AB scientist Dina Dechmann, says: "All bat species are protected in Germany and some are threatened with extinction. Basic research that investigates the behavior of the animals and their adaptations to the environment can help us develop protective measures so that, for example, common noctule bats can continue to be seen in the night sky over Konstanz."
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Archaeologists report earliest evidence for plant farming in east Africa | ScienceDaily
A trove of ancient plant remains excavated in Kenya helps explain the history of plant farming in equatorial eastern Africa, a region long thought to be important for early farming but where scant evidence from actual physical crops has been previously uncovered.


						
In a new study published July 10 in the Proceedings of the Royal Society B, archaeologists from Washington University in St. Louis, the University of Pittsburgh and their colleagues report the largest and most extensively dated archaeobotanical record from interior east Africa.

Up until now, scientists have had virtually no success in gathering ancient plant remains from east Africa and, as a result, have had little idea where and how early plant farming got its start in the large and diverse area comprising Kenya, Tanzania and Uganda.

"There are many narratives about how agriculture began in east Africa, but there's not a lot of direct evidence of the plants themselves," said WashU's Natalie Mueller, an assistant professor of archaeology in Arts & Sciences and co-first author of the new study. The work was conducted at the Kakapel Rockshelter in the Lake Victoria region of Kenya.

"We found a huge assemblage of plants, including a lot of crop remains," Mueller said. "The past shows a rich history of diverse and flexible farming systems in the region, in opposition to modern stereotypes about Africa."

The new research reveals a pattern of gradual introductions of different crops that originated from different parts of Africa.

In particular, the remnants of cowpea discovered at Kakapel rock shelter and directly dated to 2,300 years ago constitute the earliest documented arrival of a domesticated crop -- and presumably of farming lifeways -- to eastern Africa. Cowpea is assumed to have originated in west Africa and to have arrived in the Lake Victoria basin concurrent with the spread of Bantu-speaking peoples migrating from central Africa, the study authors said.




"Our findings at Kakapel reveal the earliest evidence of domesticated crops in east Africa, reflecting the dynamic interactions between local herders and incoming Bantu-speaking farmers," said Emmanuel Ndiema from the National Museums of Kenya, a project partner. "This study exemplifies National Museums of Kenya's commitment to uncovering the deep historical roots of Kenya's agricultural heritage and fostering an appreciation of how past human adaptations can inform future food security and environmental sustainability."

Constantly changing landscape

Situated north of Lake Victoria, in the foothills of Mount Elgon near the Kenya-Uganda border, Kakapel is a recognized rock art site that contains archaeological artifacts that reflect more than 9,000 years of human occupation in the region. The site has been recognized as a Kenyan national monument since 2004.

"Kakapel Rockshelter is one of the only sites in the region where we can see such a long sequence of occupation by so many diverse communities," said Steven T. Goldstein, an anthropological archaeologist at the University of Pittsburgh (WashU PhD '17), the other first author of this study. "Using our innovative approaches to excavation, we have been uniquely able to detect the arrival of domesticated plants and animals into Kenya and study the impacts of these introductions on local environments, human technology and sociocultural systems."

Mueller first joined Goldstein and National Museums of Kenya to conduct excavations at the Kakapel Rockshelter site in 2018. Their work is ongoing. Mueller is the lead scientist for plant investigations at Kakapel; the Max Planck Institute of Geoanthropology (in Jena, Germany) is another partner on the project.

Mueller used a flotation technique to separate remnants of wild and domesticated plant species from ashes and other debris in a hearth excavated at Kakapel. Although she has used this technique in her research in many other parts of the world, it is sometimes difficult to use this approach in water-scarce locations -- so it has not been widely used in east Africa.




The scientists used direct radiocarbon dating on carbonized seeds to document the arrival of cowpea (also known as the black-eyed pea, today an important legume around the world) about 2,300 years ago, at about the same time that people in this area began to use domesticated cattle. Researchers also found evidence that sorghum arrived from the northeast at least 1,000 years ago. They also recovered hundreds of finger millet seeds, dating back to at least 1,000 years ago. This crop is indigenous to eastern Africa and is an important heritage crop for the communities that live near Kakapel today.

One unusual crop that Mueller uncovered was field pea (Pisum), burnt but perfectly intact. Peas were not previously considered to be part of early agriculture in this region. "To our knowledge, this is the only evidence of peas in Iron Age eastern Africa," Mueller said.

The exceptional pea is pictured in the paper, and it represents its own little mystery. "The standard peas that we eat in North America were domesticated in the near east," Mueller said. "They were grown in Egypt and probably ended up in east Africa by traveling down the Nile through Sudan, which is also likely how sorghum ended up in east Africa. But there is another kind of pea that was domesticated independently in Ethiopia called the Abyssinian pea, and our sample could be either one!"

Many of the plant remnants that Mueller and her team found at Kakapel could not be positively identified, Mueller said, because even modern scientists working in Kenya, Tanzania and Uganda today don't have access to a good reference collection of samples of plants from east Africa. (As a separate project, Mueller is currently working on building such a comparative collection of Tanzania's plants.)

"Our work shows that African farming was constantly changing as people migrated, adopted new crops and abandoned others at a local level," Mueller said. "Prior to European colonialism, community-scale flexibility and decision-making was critical for food security -- and it still is in many places."

Findings from this study may have implications for many other fields, Mueller said, including historical linguistics, plant science and genetics, African history and domestication studies.

Mueller is continuing to work on identifying the wild plants in the assemblage, especially those from the oldest parts of the site, before the beginning of agriculture. "This is where human evolution occurred," Mueller said. "This is where hunting and gathering was invented by people at the dawn of time. But there has been no archaeological evidence about which plants hunter-gatherers were eating from this region. If we can get that kind of information from this assemblage, then that is a great contribution."
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Study examines tree adaptability to climate change | ScienceDaily
During his recent yearlong sabbatical, Daniel Laughlin led a study that found trees can sustain life in temperatures higher or lower than where they are currently growing.


						
While tree species appear to prefer distinct climatic conditions, the true nature of these preferences is obscured by species interactions and dispersal, which limit tree species' ranges.

"We were amazed. The result was crystal clear, and that doesn't always happen in ecology," says Laughlin, a professor in the University of Wyoming Department of Botany. "We found that tree species could grow and survive at one common moderate temperature, even though many species are only found in either cold or warm environments. In fact, many trees could expand their ranges by more than 25 percent based on their potential temperature tolerances."

Laughlin is lead author of a paper titled "Trees have overlapping potential niches that extend beyond their realized niches" that was published today (July 5) in Science, a weekly peer-reviewed academic journal of the American Association for the Advancement of Science that publishes important original scientific research.

Brian McGill, a professor in the School of Biology and Ecology at the University of Maine, is the paper's co-author. Laughlin and McGill share a mutual interest in understanding how species will respond to rapid changes in climate. To make progress on this pressing problem, they studied occurrences of North American tree species in arboreta around the world to quantify their tolerance of extreme cold and heat.

The two researchers quantified realized and potential thermal niches of 188 North American tree species to conduct a continental-scale test of the architecture of niches, according to the study. The study included 23 tree species native to Wyoming, including Engelmann spruce, subalpine fir, limber pine, lodgepole pine, ponderosa pine, aspen, Rocky Mountain juniper and plains cottonwood.

The realized niche of a tree species is where you find it in nature, while the potential niche is where you could but don't because it was outcompeted by other tree species or it could not disperse there, Laughlin says.




"For example, the realized niche of the Wyoming native tree Engelmann spruce includes high-elevation subalpine forests," Laughlin explains. "However, the potential niche also includes warmer locations, such as along streambanks at lower elevations, where the trees could survive. But they are not found there because they get outcompeted by faster-growing cottonwoods."

The two researchers found strong and consistent evidence that tree species occurring at thermal extremes occupy less than 75 percent of their potential niches, and species' potential niches overlap at a mean annual temperature of 12 degrees Celsius, or roughly 55 degrees Fahrenheit.

"When we walk in the woods, we see with our own eyes that tree species occur in distinct places. This is a core tenet of ecology," Laughlin says. "However, where species are actually found in nature is a fraction of their potential distribution because competition with other species and dispersal limitation constrain where they actually occur."

The new results break a core assumption of most current methods for predicting species distributions, suggesting that ecologists need to get serious about quantifying the full range of environments that are tolerable to plants, Laughlin says.

"This is a critical missing piece of information for predicting how they respond to a warming world," Laughlin says.

The results also suggest that tree species will have different fates. Cold-tolerant trees, such as Engelmann spruce and subalpine fir, may not need to move to stay within their climatic tolerances. However, warm-tolerant species, such as live oak and longleaf pine, will need to migrate.

"North American tree species have been navigating changing climatic conditions for millions of years. We know that, over long time spans, trees have moved across the continent to track suitable climate conditions, but we don't know how this will play out over the next few decades and centuries," Laughlin says. "For example, the climate in Laramie may soon be suitable for trees from the Southwest that are adapted to warmer conditions, but we are uncertain about which species will arrive first. Understanding the fundamental temperature tolerances of trees is an important first step to improving our predictions of how tree species' ranges will shift over time."

Laughlin's sabbatical, which took place during the 2023-24 academic year, was supported by a UW Flittie Sabbatical Augmentation Award and a UW College of Agriculture, Life Sciences and Natural Resources Global Perspectives grant.
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Could a dietary fiber supplement offer long-awaited treatment for food allergy sufferers? | ScienceDaily
A study from the University of Michigan has identified a potential new treatment for food allergies in inulin, a naturally occurring plant fiber commonly used as a supplement, a prebiotic in soda, a replacement for sweeteners and for other products and purposes.


						
In what appears to be a major advancement that offers the promise of relief to food allergy sufferers around the world, the paper published in Nature Materials describes inulin gel-based oral immunotherapy's success in stopping allergic reactions in mice by, in part, targeting bacteria in the gut. The gel prevented severe allergic reactions during and even after being administered, including reactions to common triggers such as peanuts, egg white and milk.

The research, conducted by an international team of scientists in pharmaceutical sciences, biomedical and chemical engineering, internal medicine and other specialties, proposes that inulin gel addresses the root cause of food allergies, rather than just managing symptoms.

The research was led by James Moon from U-M's College of Pharmacy. He has studied inulin's potential to treat disease for years. He said inulin gel-based therapy holds great promise due to its safety profile and potential for large-scale production.

"Inulin, a widely consumed dietary fiber recognized as safe by the FDA, forms the basis of the gel, making it a feasible and translatable option for clinical use," said Moon, whose lab develops drug delivery technologies combined with pharmaceutics and engineering to identify ways for the body to fight disease. Moon is the J. G. Searle Professor of Pharmaceutical Sciences.

While further research and clinical trials are needed to test the findings, the study, which emphasized the role of the small intestine's microbiota and metabolites in food allergy regulation, opens potentially life-changing new avenues for therapeutic interventions, he said. Other, newer treatment options have seen low uptake due to adverse reactions and spotty effectiveness.

As many as 1 in 3 adults and more than 1 in 4 children have food allergies, a life-altering condition that is getting harder to manage as allergens can be hidden in a variety of foods and drinks, according to the Centers for Disease Control and Prevention.




Food allergies have become a significant concern globally, especially in developed nations, as accidental exposure to allergens can trigger severe reactions, including death.

The research found that inulin gel, specifically formulated with an allergen, normalized the imbalanced intestinal microbiota and metabolites in allergic mice. This normalization led to the establishment of allergen-specific oral tolerance, effectively suppressing allergic reactions to various food allergens.

"The therapy showed long-lasting protection even after the cessation of treatment, indicating its potential for sustained relief from food allergies," said Fang Xie, a graduate student who also led the studies.

Inulins are a group of polysaccharides and natural storage carbohydrates in more than 36,000 plant species, including wheat, onion, asparagus and chicory, which is most often used to manufacture supplements.

The fiber is also the subject of research and clinical trials investigating its role in treating or leading to better understanding of cancerous tumors, gastrointestinal illnesses, diabetes and other diseases.

The researchers whose work went into the study represent institutions around the world, including the University of Texas M.D. Anderson Cancer Center, Dongguk University, Seoul, Republic of Korea, Michigan State University, the University of Washington and WPI Immunology Frontier Research Center, Osaka University, Japan. Additionally, researchers from the University of Michigan represent the Biointerfaces Institute, the departments of Pharmaceutical Sciences, Biomedical Engineering, Chemical Engineering and Internal Medicine and the Mary H. Weiser Food Allergy Center.

Disclaimer: Moon declares financial interests for board membership, as a paid consultant, for research funding, and/or as an equity holder in EVOQ Therapeutics and Saros Therapeutics, and U-M has a financial interest in EVOQ Therapeutics, Inc. The other authors declare no competing interests.
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Researchers examine economic effects on technological advancements of blue hydrogen production | ScienceDaily
A new analysis by University of Wyoming researchers examines the impacts of current federal economic incentives on large-scale, blue hydrogen production technologies and estimates the expected outcomes in long-term expenses as those hydrogen production pathways evolve.


						
The research, titled "Technological Evolution of Large-Scale Blue Hydrogen Production Toward the U.S. Hydrogen Energy Earthshot," was led by Haibo Zhai, the Roy and Caryl Cline Distinguished Chair in Engineering and a professor in the UW College of Engineering and Physical Sciences. The study appears in the journal Nature Communications, a peer-reviewed, open access scientific journal that covers the natural sciences.

Wanying Wu, Zhai's UW Ph.D. student, was lead author.

Launched in 2021, the U.S. Department of Energy's (DOE) Energy Earthshots Initiative aims to accelerate breakthroughs of more abundant, affordable and reliable clean energy solutions within the decade by reducing the cost of clean hydrogen production and deployment. The ambitious goal of the program is to reduce production costs of hydrogen by 80 percent to $1 per kilogram of hydrogen in a decade.

The new UW study estimates the economic benefits from learning experience by deploying large-scale blue hydrogen projects; evaluates both the 45Q tax credit for carbon sequestration and 45V tax credit for clean hydrogen production; and compares the credits' economic role in promoting blue hydrogen production toward the Hydrogen Energy Earthshots Initiative.

"Currently, the cost of hydrogen is high, especially when produced from renewables," Zhai says. "However, blue hydrogen -- that is, hydrogen produced using fossil fuels and paired with carbon sequestration -- has the potential to significantly reduce the costs of production, substantially lower emissions and support new economic opportunities in line with the goals of the Energy Earthshots Initiative so long as the tax incentives and infrastructure funding remain available to technology developers. This study is an important snapshot of where we are and where we could be in the future while building out clean hydrogen systems."

The premise is that the more prevalent and advanced, or "experienced," large-scale blue hydrogen systems become, the more efficient and affordable they will become. However, that is only one piece of the puzzle, Zhai says.




"We apply experience curves to estimate the evolving costs of blue hydrogen production and to further examine the economic effect on technological evolution of the Inflation Reduction Act's tax credits for carbon sequestration and clean hydrogen," he explains. "We concluded in our models that the break-even cumulative production capacity required for gas-based blue hydrogen to reach DOE's $1/kg H2 target is highly dependent on tax credits, natural gas prices, inflation rates, carbon capture uncertainties and learning rates."

Despite these uncertainties, the study concludes that experience from the deployment of blue hydrogen projects will be helpful in lowering future costs of hydrogen production and will remain cost competitive. Additionally, paired with extended tax incentives for carbon sequestration, costs could be significantly reduced further.

Funding for the study was made possible by the Hydrogen Energy Research Center (H2ERC) in UW's School of Energy Resources (SER) and is the direct result of the "Hydrogen: Make, Move, Use or Store" initiative that supported UW faculty-led projects investigating topics across all levels of the hydrogen supply chain. Eugene Holubnyak, H2ERC director, also was a collaborative author on the study.

"I feel privileged to have contributed to this important discussion alongside Dr. Zhai and Ms. Wu," Holubnyak says. "SER has been fortunate to receive support from the state of Wyoming in order to delve into the feasibility of a new hydrogen economy and conduct important research on hydrogen production methods. This study is a wonderful example of that support having a wider impact among the scientific community and will help us to evaluate the most economically competitive pathway forward."
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New one-step method to make multiple edits to a cell's genome | ScienceDaily
Genome editing has become a widely adopted technology to modify DNA in cells, allowing scientists to study diseases in the lab and develop therapies that repair disease-causing mutations. However, with current approaches, it's only possible to edit cells in one location at a time.


						
Now, a team of scientists at Gladstone Institutes has developed a new method that enables them to make precise edits in multiple locations within a cell -- all at once. Using molecules called retrons, they created a tool that can efficiently modify DNA in bacteria, yeast, and human cells.

"We wanted to push the boundaries of genomic technologies by engineering tools to help us study the true complexity of biology and disease," says Associate Investigator Seth Shipman, PhD, senior author of a new study published in Nature Chemical Biology.

Conquering Limitations

Shipman is a leader in the nascent and fast-growing field of retrons, which are molecular components from a bacterial immune system that can produce large quantities of DNA. In 2022, by combining retrons with CRISPR-Cas9 genome editing, his lab pioneered a system to edit human cells quickly and efficiently.

With the new study, the researchers wanted to use their system to overcome a limitation of current genome editing methods.

"If you wanted to edit a cell in multiple locations of the genome that are not near each other, the standard approach before now was to make the modifications one after the other," explains Alejandro Gonzalez-Delgado, PhD, one of the first authors of the study and a postdoctoral scholar in Shipman's lab. "It was a laborious cycle: you would first make an edit, then you would use the edited cells to introduce another edit, and so on."

Instead, the team found a way to encode a retron so it can generate different portions of DNA. When delivered to a cell, these engineered retrons -- called multitrons -- can make multiple edits simultaneously.




Another benefit of multitrons is their ability to delete large sections of the genome.

"With multitrons, we can make sequential deletions to cut out and collapse middle portions of the genome region we're targeting, bringing the far-apart ends closer together until the entire region is completely deleted," says Gonzalez-Delgado.

Many Potential Applications

As part of their study, Shipman and his team demonstrated immediate applications for their new method in molecular recording and metabolic engineering.

Retrons, they have previously shown, can be used to record molecular events in a cell, providing a detailed log of the cell's activity and changes to its environment. With multitrons, the researchers have expanded this approach and can now record with greater sensitivity.

"Multitrons allow us to record very weak and very strong signals at the same time, expanding the dynamic range of our recordings," says Gonzalez-Delgado. "Eventually, we could imagine implementing this type of tool in the gut microbiome to record a signal like inflammation."

As for metabolic engineering, the scientists showed that multitrons can be used to simultaneously edit multiple genes in a metabolic pathway to rapidly increase the production of a targeted substance within a cell. They tested their approach on a powerful antioxidant called lycopene and successfully increased the production of this compound threefold.

"In order to start modeling complex genetic diseases and eventually find treatments or cures, we need to make many different mutations to cells at once," says Shipman, who is also an associate professor in the Department of Bioengineering and Therapeutic Sciences at UC San Francisco, as well as a Chan Zuckerberg Biohub Investigator. "Our new approach is a step toward that."
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Building materials for water-rich planets in the early solar system | ScienceDaily
Age data for certain classes of meteorite have made it possible to gain new findings on the origin of small water-rich astronomical bodies in the early solar system. These so-called planetesimals continually supplied building materials for planets -- also for the Earth, whose original material contained little water. The Earth received its actual water through planetesimals, which emerged at low temperatures in the outer solar system. Ice was available there as solid-state water -- unlike with small bodies which had evolved earlier and were too hot for that, being closer to the sun. Computational models carried out by an international research team, with participation by earth scientists from Heidelberg University, have shown this on the basis of the age data, from which they were also able to read the parent bodies' thermal evolution.


						
The planets of our solar system formed together with their mother star, and the Earth did likewise, emerging about 4.5 billion years ago around the sun. This happened in the habitable zone, which meant that water was able to exist in liquid form on its surface. The Earth, like other planets, also grew out of planetesimals. They emerge when large quantities of dust particles accrete in high pressure zones several thousand kilometres in diameter, and collapse under their own gravity. "These small bodies did not just supply the building materials for the planets," explains Prof. Dr Mario Trieloff, who directs the Klaus Tschira Laboratory for Cosmochemistry at Heidelberg University's Institute of Earth Sciences. They are also the source of the Earth's water, the scientist adds.

The circumstances under which the planetesimals actually originated in the early solar system, and whether this was also possible for considerable periods of time, have so far not been finally clarified. Important information in this regard is supplied by the age data of certain classes of meteorites, which at some stage separated from small planets. In cooperation with colleagues from Berlin, Bayreuth and Zurich (Switzerland), the Heidelberg scientists have derived the thermal evolution and point of origin of the mother bodies from this data. They show that some of the planetesimals formed very quickly, meaning within less than two million years. In that case, they heated up so strongly that they melted and lost all volatile elements, including their water.

Other planetesimals, according to the findings of the current study, arose later at lower temperatures in the outer solar system; they were partly able to conserve their water bound up in crystals. The fact that these small bodies were also able to continually form at later stages of the solar system is, according to the scientists, due to various delaying effects counteracting the mechanisms of rapid origin, for example, collisions between dust agglomerates [?] the building materials of planetesimals [?] which prevented the rapid growth of small planets.

"The Earth accreted such small water-rich planets or their fragments in the form of asteroids or meteorites during its growth process and that is the only reason why it did not become a bone-dry planet, hostile to life," says Dr Wladimir Neumann, first author of the study, which is based on research carried out at Heidelberg University, the Institute of Planetary Research at the German Aerospace Center and the Institute of Geodesy at TU Berlin.

Since the origin of planetesimals in extrasolar planetary systems is based on the same physical laws as in our solar system, the scientists assume that there could also be planets similar to the Earth in other regions of space. If they have received water from small bodies in the course of their evolutionary history they could meet the preconditions for the origin of life, according to Prof. Trieloff.

The research findings were published in the journal Nature Scientific Reports. Participating in the investigations were scientists from TU Berlin, the German Aerospace Center, ETH Zurich (Switzerland) and the University of Bayreuth. Funding for the research studies came from the German Research Foundation, the Klaus Tschira Foundation and the International Space Science Institute in Bern (Switzerland) and Beijing (China).
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First local extinction in the US due to sea level rise, study suggests | ScienceDaily
The United States has lost its only stand of the massive Key Largo tree cactus in what researchers believe is the first local extinction of a species caused by sea level rise in the country.


						
The Key Largo tree cactus (Pilosocereus millspaughii) still grows on a few scattered islands in the Caribbean, including northern Cuba and parts of the Bahamas. In the United States, it was restricted to a single population in the Florida Keys, first discovered in 1992 and monitored intermittently since.

Salt water intrusion from rising seas, soil depletion from hurricanes and high tides, and herbivory by mammals had put significant pressure on the population. By 2021, what had been a thriving stand of about 150 stems was reduced to six ailing fragments, which researchers salvaged for off-site cultivation to ensure their survival.

"Unfortunately, the Key Largo tree cactus may be a bellwether for how other low-lying coastal plants will respond to climate change," said Jennifer Possley, director of regional conservation at Fairchild Tropical Botanic Garden and lead author on a study published Tuesday, July 9 that documents the population's decline.

Two closely related cacti negatively affected by environmental change

Comparatively little is known about Florida's rare cacti. Researchers initially stumbled upon the Key Largo tree cactus in an isolated mangrove forest, and for several years afterward, its identity remained uncertain. Most considered it to be a unique population of the similarly named Key tree cactus (Pilosocereus robinii), a federally endangered species that is present elsewhere in the Florida Keys.

The two cacti have a similar appearance. The stems of both shoot up perpendicular to the ground and can grow to be more than 20 feet tall. Both have cream-colored flowers that smell like garlic and reflect moonlight, attracting bat pollinators, while their bright red and purple fruit catch the eye of birds and mammals.




But there are key differences as well, which made Alan Franck, currently the herbarium collection manager at the Florida Museum of Natural History, suspect they were dealing with something unique on Key Largo.

"The most striking difference is the tuft of long, woolly hairs at the base of the flowers and fruits," Franck said. The hair is so thick, it can look as though the cactus is covered in drifts of snow. Spines of the Key Largo cactus are also twice as long as they are on the Key tree cactus.

In 2019, Franck confirmed that the Key Largo population was the first and only known instance of Pilosocereus millspaughii in the U.S.

By then, it was succumbing to some of the same environmental pressures that had plagued its relative, the Key tree cactus, over the last century. The latter was once common throughout the Florida Keys, but its numbers dipped dangerously low as more people moved to the area.

Writing in 1917, botanist John Small noted that the Key tree cactus "was for a long time very abundant [on Key West]...In recent years, with the destruction of the hammock for securing firewood and for developing building sites, this interesting cactus has become scarce, until at present it is on the verge of extermination in its natural habitat."

The Key tree cactus was listed as federally endangered in 1984, but its numbers continued to wane. Between 1994 and 2007, it decreased by 84%.




Researchers at Fairchild began monitoring all of the tree cactus populations annually in 2007, working in tandem with local land managers. One Fairchild-led study showed that salt levels were higher in soil beneath dead vs. living cacti in the years following a storm surge event in the Lower Keys, drawing a clear connection between mortality and increased salinity.

Researchers also initiated a robust conservation collection for these species. Potted cacti are grown at a facility in Coral Gables, Florida, and seeds from both wild and cultivated plants are carefully banked for long-term conservation.

Researchers study and rescue the remnants of a dwindling stock

The Key Largo tree cactus grew on a low limestone outcrop surrounded by mangroves near the shore. The site originally had a distinct layer of soil and organic matter that allowed the cactus and other plants to grow, but storm surge from hurricanes and exceptionally high tides eroded away this material until there wasn't much left.

Salt-tolerant plants that had been previously restricted to brackish soils beneath the mangroves slowly began creeping up the outcrop, an indication that salt levels were increasing.

Given enough time, these changing conditions would likely have killed the cactus. But other incidents occurred that hastened the pace.

"We noticed the first big problem in 2015," said study co-author James Lange, a research botanist at Fairchild. When he and his colleagues arrived to evaluate the plants that year, half of the cacti had died, apparently as a result of an alarming amount of herbivory. Cacti store reserves of water in their succulent stems, which allows them to survive for long periods of time without rain. This makes them enticing to animals when other sources of water are scarce.

"In 2011, we started seeing saltwater flooding from king tides in the area," Lange said, referring to particularly high ocean tides. "That limits the amount of freshwater available to small mammals and might be related to why the herbivores targeted this cactus, but we can't say for sure. We'd never seen cactus herbivory like this anywhere in the Lower Keys, where flooding has tended to be less extensive."

The team set out cameras in hopes of finding the culprit, but whatever it was did not return, and there was no evidence of significant herbivory thereafter. Yet, when the team came back the following year, roughly another 50% of the population had died. In response, staff from Fairchild and the Florida Department of Environmental Protection took a few cuttings of what remained to grow in greenhouses.

In 2017, category 5 Hurricane Irma swept across South Florida, creating a 5-foot storm surge. The highest point on Key Largo is only 15 feet above sea level, and large portions of the island remained flooded for days afterward. Once the storm had passed, the Fairchild team conducted triage with several cactus populations throughout the Keys, removing branches that had fallen on cacti and salvaging other ill-fated material. Conditions were so extreme that biologists had to put out kiddie pools of freshwater to keep local wildlife alive.

Exacerbating the already degrading Key Largo tree cactus habitat, king tides in 2019 left large portions of the island, including the extremely low-lying outcrop, flooded for over three months.

By 2021, there were only six Key Largo tree cactus stems left. As it was clear the population wasn't going to survive, the team allowed the plants to flower and fruit for the remainder of the year, then salvaged all remaining green material and replanted it in greenhouses or controlled settings outdoors. At present, researchers know of no naturally growing Key Largo cacti in the United States.

"We have tentative plans with the Florida Department of Environmental Protection to replant some in the wild," Possley said.

Similar efforts are responsible, in large part, for the continued existence of the related Key tree cactus in Florida. "The amount of reintroduced material of this species is already more than the amount of wild material that's left," Possley said.

But, she added, this may end up being more of a stopgap than a solution. Environments suitable for tree cacti are disappearing along with the plants they support. "It's generally a fringe between the mangroves and upland hammocks called thorn scrub, and there just aren't many places like that left where we can put reintroduced populations."

The decline of the Key Largo tree cactus and the necessity of its removal has given researchers an idea of what to expect in the future as species contend with a rapidly warming world. Instead of a smooth, predictable rise in sea or salt levels, the reality of climate change is messier and manifests itself in a complex series of related events that put additional pressure on species that are already stressed.

"We are on the front lines of biodiversity loss," said study co-author George Gann, executive director for the Institute for Regional Conservation. "Our research in South Florida over the past 25 years shows that more than one-in-four native plant species are critically threatened with regional extinction or are already extirpated due to habitat loss, over collecting, invasive species and other drivers of degradation. More than 50 are already gone, including four global extinctions."
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Pinpointing coal plants to convert to nuclear energy, considering both practicality and community support | ScienceDaily
An assessment ranks the feasibility of converting 245 operational coal power plants in the U.S. into advanced nuclear reactors, providing valuable insights for policymakers and utilities to meet decarbonization goals, according to a new study by University of Michigan researchers.


						
The R M Schahfer coal plant in Indiana emerged as the most feasible smaller electric capacity site, generating 1,000 megawatts electric (MWe) or less, while the AES Petersburg plant in Indiana was top-ranked among the larger electric capacity sites, having generation capacity greater than 1,000 MWe.

"With no new coal plants planned and many utilities aiming to retire all coal power plants within 15 years in the U.S., transitioning to cleaner energy sources is crucial," said Md Rafiul Abdussami, a doctoral student of nuclear engineering and radiological sciences at U-M and corresponding author of the study published in Energy Reports.

In 2022, coal plants in the U.S. accounted for 20% of energy generation and 55% of power sector CO2 emissions. Nuclear power can generate the same stable base load of energy as coal but with zero carbon emissions.

Rather than establishing new sites, transitioning operational coal plants to nuclear plants can save time and money by using existing equipment like transmission lines and power system components. Surrounding communities also stand to benefit from the transition, retaining jobs and tax bases as coal plants are phased out.

"This data set can support economic revitalization plans in regions affected by coal plant closures and provide information for engagement efforts in coal communities considering hosting clean energy facilities," said Aditi Verma, an assistant professor of nuclear engineering and radiological sciences at U-M and senior author of the study.

To address the intricate interplay of socio-technical and economic factors when selecting sites to repurpose coal plants, the researchers used a tool called Siting Tool for Advances Nuclear Development. This tool allows users to optimize socioeconomic factors, safety and proximity -- for instance, nearby population, transportation infrastructure -- while selecting feasible locations.




The tool's ability to evaluate multiple sites simultaneously while balancing a suite of objectives offers a more scalable and robust analysis than previous studies, which focused on a few specific plants.

Results revealed a broad spectrum of suitability levels and tradeoffs across different locations, highlighting both the feasibility and complexity of transitioning from coal to nuclear capacity. For the smaller electric capacity group, the feasibility score ranged from 51.52 to 84.31 out of 100 with a median of 66.53. The larger electric capacity group ranged in feasibility scores from 47.29 to 76.92 with a median of 63.97.

Regional attributes like energy prices and nuclear policies strongly influenced suitability.

The Department of Energy, states and electric utilities across the country are currently exploring the potential of transitioning away from coal to cleaner sources of energy. These findings provide valuable insights for both policymakers, developing strategies and regulations, and utilities, planning investments and timing for a smooth coal-to-nuclear transition while maintaining grid reliability.

"My hope is that this work, which looks at the potential for coal-to-nuclear transitions in a very granular way, for each coal plant across the country, can inform the national and state-level conversations that are unfolding in real time," Verma said.

The work is sponsored by the Department of Energy Office of Nuclear Energy under project number (DE-NE0009382), funded through the Nuclear Energy University Program (NEUP).

The Geographical Information Systems (GIS)-based tool was collaboratively developed by the University of Michigan, Argonne National Laboratory, Oak Ridge National Laboratory and the National Reactor Innovation Center.
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Groundbreaking study reveals oceanic seabirds chase tropical cyclones | ScienceDaily

"Initial studies suggested that seabirds either circumnavigate cyclones or seek refuge in the calm eye of the storm. However, the Desertas Petrels we tracked did neither; instead, one-third of them followed the cyclone for days, covering thousands of kilometers," stated Francesco Ventura, lead author and a Postdoc Investigator in Biology at the Woods Hole Oceanographic Institution (WHOI). "When we saw the data, we nearly fell off our chairs. This is the first time we have observed this behavior."

"It's striking how well the birds know how to exploit the large-scale wind conditions over the North Atlantic for their travels," said Caroline Ummenhofer, Associate Scientist, Physical Oceanography, at WHOI. "When you overlay the petrels' foraging trips on top of average winds, it's a very close match."

The Desertas Petrels nest on the Bugio Island in Portugal, located off the western coast of North Africa. This island hosts the only known nesting colony of these pigeon-sized seabirds in the world, with fewer than 200 pairs residing on a plateau surrounded by steep cliffs. During their six-month breeding season, Desertas Petrels embark on extraordinary foraging journeys, often spending weeks at sea and flying roundtrips up to 7,500 miles across the Atlantic in search of food. They belong to the genus Pterodroma, which means "wings on the run."

"We correlated the birds' locations with intensifying storm conditions, including waves up to 8 meters high and wind speeds of 100 kilometers per hour," said Ventura. "Upon encountering strong winds, the birds reduced ground speed, likely by spending less time in flight to avoid injury to their wings. In addition, the wakes of the storms provided predictably favorable wind conditions with higher tailwind support than alternative routes. Impressively, none of the birds we tracked were harmed by the storms and there was no incidence of nest desertion."

The petrels pursue small fish, squid, and crustaceans that typically dwell at depths of 600 to 3,000 feet. Since they cannot dive to such depths, these seabirds have to wait until nightfall when their prey ascends closer to the surface.

"As we've now discovered, Desertas Petrels follow hurricanes where prey have accumulated closer to the surface in the wakes of the storms," said Ummenhofer.




The study shows that cyclone wakes provided enhanced foraging conditions, with sharp drops in sea surface temperature and striking increases in surface chlorophyll. These changes suggest enhanced ocean mixing and productivity, which presumably increase prey abundance and accessibility for surface-feeding petrels.

"One of the interesting aspects of the interaction of a tropical cyclone and the ocean is the intense vertical mixing in the upper ocean layers caused by very strong winds and huge breaking seas," said Philip Richardson, Emeritus, Physical Oceanography at WHOI and a co-author on the paper. "The cyclonic winds can cause a divergence in the upper layer that moves cooler, deeper water toward the surface."

"The cyclones present a highly valuable foraging opportunity for Desertas Petrels because the storms churn up mesopelagic prey from deep within the vertical column, giving the seabirds an easy meal at the surface," explained Ventura. "While storms are typically seen as destructive, particularly in coastal areas, our research reveals that functional perturbance driven by storms can create new opportunities. We're advancing our understanding of how petrels navigate the open ocean to find food."

"We now have a fresh perspective on hurricanes' impact on marine ecosystems through the eyes of an apex predator," said Ummenhofer. "This study provides valuable insights into the resilience and foraging strategies of pelagic seabirds in the face of extreme weather events."

While cyclones are known to dramatically affect oceanic and coastal ecosystems, their impacts on pelagic marine life are poorly understood. This research reveals how higher predators like Desertas Petrels adapt their foraging strategies in the dynamic ocean environment and utilize cyclone-induced oceanographic changes to their advantage.

This research was made possible by the WHOI Postdoctoral Scholar Program with funding from the John E. Sawyer Fund and the John H. Steele Endowment and The Andrew W. Mellon Foundation Endowed Fund for Innovative Research at WHOI.
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How a plant app helps identify the consequences of climate change | ScienceDaily
A research team led by the German Centre for Integrative Biodiversity Research (iDiv) and Leipzig University has developed an algorithm that analyses observational data from the Flora Incognita app. The novel approach described in Methods in Ecology and Evolution can be used to derive ecological patterns that could provide valuable information about the effects of climate change on plants.


						
Plants are known to respond to seasonal changes by budding, leafing, and flowering. As climate change stands to shift these so-called phenological stages in the life cycle of plants, access to data about phenological changes -- from many different locations and in different plants -- can be used to draw conclusions about the actual effects of climate change. However, conducting such analyses require a large amount of data and data collection of this scale would be unthinkable without the help of citizen scientists. "The problem is that the quality of the data suffers when fewer people engage as citizen scientists and stop collecting data," says first author Karin Mora, research fellow at Leipzig University and iDiv.

Mobile apps like Flora Incognita could help solve this issue. The app allows users to identify unknown wild plants within a matter of seconds. "When I take a picture of a plant with the app, the observation is recorded with the (exact) location as well as a time stamp," explains co-author Jana Waldchen from the Max Planck Institute for Biogeochemistry (MPI-BGC), who developed the app with colleagues from TU Ilmenau. "Millions of time-stamped plant observations from different regions have been collected by now." Although satellite data also records the phenology of entire ecosystems from above, they do not provide information about the processes taking place on the ground.

Plants show synchronised response

The researchers developed an algorithm that draws on almost 10 million observations of nearly 3,000 plants species identified between 2018 and 2021 in Germany by users of Flora Incognita. The data show that each individual plant has its own cycle as to when it begins a flowering or growth phase. Furthermore, the scientists were able to show that group behaviour arises from the behaviour of individuals. From this, they were able to derive ecological patterns and investigate how these change with the seasons. For example, ecosystems by rivers differ from those in the mountains, where phenological events start later.

The algorithm also accounts for the observational tendencies of Flora Incognita users, whose data collection is far from systematic. For example, users record more observations on the weekend and in densely populated areas. "Our method can automatically isolate these effects from the ecological patterns," Karin Mora explains. "Fewer observations don't necessarily mean that we can't record the synchronisation. Of course, there are very few observations in the middle of winter, but there are also very few plants that can be observed during that time."

It is known that climate change is causing seasonal shifts -- for example, spring is arriving earlier and earlier. How this affects the relationship between plants and pollinating insects and therefore potentially also food security is still being subject to further research. The new algorithm can now be used to better analyse the effects of these changes on the plant world.

This study was funded by the Deutsche Forschungsgemeinschaft (DFG; FZT-118) and the iDiv Flexpool.
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Mining rare earth metals from electronic waste | ScienceDaily
Rare earth metals are not as rare as their name suggests. However, they are indispensable for the modern economy. After all, these 17 metals are essential raw materials for digitalisation and the energy transition. They are found in smartphones, computers, screens and batteries -- without them, no electric motor would run and no wind turbine would turn. Because Europe is almost entirely dependent on imports from China, these raw materials are considered to be critical.


						
However, rare earth metals are also critical because of their extraction. They always occur in compound form in natural ores -- but as these elements are chemically very similar, they are difficult to separate. Traditional separation processes are therefore very chemical- and energy-intensive and require several extraction steps. This makes the extraction and purification of these metals expensive, resource- and time-consuming and extremely harmful to the environment.

"Rare earth metals are hardly ever recycled in Europe," says Victor Mougel, Professor at the Laboratory of Inorganic Chemistry at ETH Zurich. A team of researchers led by Mougel wants to change this. "There is an urgent need for sustainable and uncomplicated methods for separating and recovering these strategic raw materials from various sources," says the chemist.

In a study recently published in the journal Nature Communications, the team presents a surprisingly simple method for efficiently separating and recovering the rare earth metal europium from complex mixtures including other rare earth metals.

Inspired by nature

Marie Perrin, a doctoral student in Mougel's group and first author of the study, explains: "Existing separation methods are based on hundreds of liquid-liquid extraction steps and are inefficient -- the recycling of europium has so far been impractical." In their study, they show how a simple inorganic reagent can significantly improve separation. "This allows us to obtain europium in a few simple steps -- and in quantities that are at least 50 times higher than with previous separation methods," says Perrin.

The key to this technique can be found in small inorganic molecules featuring four sulphur atoms around tungsten or molybdenum: tetrathiometallates. The researchers were inspired by the world of proteins. Tetrathiometallates are found as a binding site for metals in natural enzymes and are used as active substances against cancer and copper metabolism disorders.




For the first time, tetrathiometallates are now also being used as ligands for the separation of rare earth metals. Their unique redox properties come into play here, reducing europium to its unusual divalent state and thus simplifying separation from the other trivalent rare earth metals.

Keeping europium in circulation

Electronic waste is an important but as yet underutilised source of rare earth metals. "If this source were tapped into, the lamp waste that Switzerland currently sends abroad to be disposed of in a landfill could be recycled here in Switzerland instead," says Mougels. In this way, lamp waste could serve as an urban mine for europium and make Switzerland less dependent on imports.

In the past, europium was mainly used as phosphor in fluorescent lamps and flat screens, which led to high market prices. As fluorescent lamps are now gradually being phased out, demand has fallen, so that the previous recycling methods for europium are no longer economically viable. More efficient separation strategies are nevertheless desirable and could help to utilise the vast quantities of cheap fluorescent lamp waste whose rare earth metal content is around 17 times higher than in natural ores.

Reduce demand

This makes it all the more urgent to recover rare metals at the end of a product's life and keep them in circulation -- but the recovery rate of rare earth elements in the EU is still below one per cent.

In principle, any separation process for rare earth metals can be used both for extraction from ore and for recovery from waste. With their method, however, the researchers are deliberately focussing on recycling the raw materials, as this makes much more ecological and economic sense. "Our recycling approach is significantly more environmentally friendly than all conventional methods for extracting rare earth metals from mineral ores," says Mougel.

The researchers have patented their technology and are in the process of founding a start-up called REEcover to commercialise it in the future. They are currently working on adapting the separation process for other rare earth metals such as neodymium and dysprosium, which are found in magnets. If this is successful, Marie Perrin wants to build up the start-up after her doctorate and establish the recycling of rare earth metals in practice.
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Ancient large kangaroo moved mainly on four legs, according to new research | ScienceDaily
A type of extinct kangaroo that lived during the Pleistocene around two and a half million to ten thousand years ago, known as the 'giant wallaby', was a poor hopper, a study by scientists at the University of Bristol have found.


						
Several large key species of kangaroo, all bigger than modern kangaroos and known as Protemnodon, were previously assumed to have hopped, despite their size. However findings, published today in the Journal of Mammalian Evolution, show that they were mainly quadrupedal and likely used four legs to move around most of the time.

Lead author Billie Jones, a former Masters student in the Bristol Paleobiology programme explained: "There had been some speculation in a graduate thesis from the University of Uppsala that it might have been more quadrupedal in its habits compared to living kangaroos.

"This new paper draws on a couple of previous quantitative studies that looked at the anatomy of the humerus (upper arm bone) in a diversity of mammals, and concluded that Protemnodon habitually put more weight on its forelimbs than kangaroos today."

Previous research has shown that the ankle bones of Protemnodon were unsuited to withstand the stresses of hopping.

The team showed that the limb proportions of Protemnodon were quite unlike that of any living kangaroos, especially the short feet, backing up the proposal that it was mainly quadrupedal, rather than a dedicated hopper like living large kangaroos.

This new paper is a quantitative study of limb proportions, plus a more qualitative discussion of some other aspects of the anatomy, in an attempt to confirm the locomotion of this extinct animal.

This provides further evidence that the taxonomic diversity of large kangaroos in the Pleistocene of Australia was matched by a locomotor diversity. Supervisor Professor Christine Janis of Bristol's School of Earth Sciences had already shown that extinct sthenurines -- a separate subfamily of kangaroos -- were bipedal striders rather than hoppers. This locomotor diversity suggests a greater variety of habitats in the Australian Pleistocene than previously considered, with the continent not as arid as it is currently.

Professor Janis added: "A study of the limb bones, and the bone proportions to each other, show that the so-called extinct 'giant wallaby', Protemnodon, was likely a poor hopper at best, and probably moved mostly quadrupedally, perhaps bounding on all fours like tree-kangaroos do on the ground."

Billie Jones won both the David Dineley Prize and the Curry Prize for this thesis.
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Life underground suited newly discovered dinosaur fine | ScienceDaily
The age of dinosaurs wasn't conducted solely above ground. A newly discovered ancestor of Thescelosaurus shows evidence that these animals spent at least part of their time in underground burrows. The new species contributes to a fuller understanding of life during the mid-Cretaceous -- both above and below ground.


						
The new dinosaur, Fona [/Foat'NAH/] herzogae lived 99 million years ago in what is now Utah. At that time, the area was a large floodplain ecosystem sandwiched between the shores of a massive inland ocean to the east and active volcanoes and mountains to the west. It was a warm, wet, muddy environment with numerous rivers running through it.

Paleontologists from North Carolina State University and the North Carolina Museum of Natural Sciences unearthed the fossil -- and other specimens from the same species -- in the Mussentuchit Member of the Cedar Mountain Formation, beginning in 2013. The preservation of these fossils, along with some distinguishing features, alerted them to the possibility of burrowing.

Fona was a small-bodied, plant-eating dinosaur about the size of a large dog with a simple body plan. It lacks the bells and whistles that characterize its highly ornamented relatives such as horned dinosaurs, armored dinosaurs, and crested dinosaurs. But that doesn't mean Fona was boring.

Fona shares several anatomical features with animals known for digging or burrowing, such as large bicep muscles, strong muscle attachment points on the hips and legs, fused bones along the pelvis -- likely to help with stability while digging -- and hindlimbs that are proportionally larger than the forelimbs. But that isn't the only evidence that this animal spent time underground.

"The bias in the fossil record is toward bigger animals, primarily because in floodplain environments like the Mussentuchit, small bones on the surface will often scatter, rot away, or become scavenged before burial and fossilization," says Haviv Avrahami, Ph.D. student at NC State and digital technician for the new Dueling Dinosaurs program at the North Carolina Museum of Natural Sciences. Avrahami is first author of the paper describing the work.

"But Fona is often found complete, with many of its bones preserved in the original death pose, chest down with splayed forelimbs, and in exceptionally good condition," Avrahami says. "If it had already been underground in a burrow before death, it would have made this type of preservation more likely."

Lindsay Zanno, associate research professor at NC State, head of paleontology at the North Carolina Museum of Natural Sciences and corresponding author of the work, agrees.




"Fona skeletons are way more common in this area than we would predict for a small animal with fragile bones," Zanno says. "The best explanation for why we find so many of them, and recover them in small bundles of multiple individuals, is that they were living at least part of the time underground. Essentially, Fona did the hard work for us, by burying itself all over this area."

Although the researchers have yet to identify the subterranean burrows of Fona, the tunnels and chamber of its closest relative, Oryctodromeus, have been found in Idaho and Montana. These finds support the idea that Fona also used burrows.

The genus name Fona comes from the ancestral creation story of the Chamorro people, who are the indigenous populations of Guam and the Pacific Mariana Islands. Fo'na and Pontan were brother and sister explorers who discovered the island and became the land and sky. The species name honors Lisa Herzog, the paleontology operations manager at the North Carolina Museum of Natural Sciences, for her invaluable contributions and dedication to the field of paleontology.

"I wanted to honor the indigenous mythology of Guam, which is where my Chamorro ancestors are from," Avrahami says. "In the myth, Fo'na became part of the land when she died, and from her body sprung forth new life, which to me, ties into fossilization, beauty, and creation. Fona was most likely covered in a downy coat of colorful feathers. The species name is for Lisa Herzog, who has been integral to all this work and discovered one of the most exceptional Fona specimens of several individuals preserved together in what was likely a burrow."

Fona is also a distant relative of another famous North Carolina fossil: Willo, a Thescelosaurus neglectus specimen currently housed at the museum and also thought to have adaptations for a semifossorial -- or partially underground -- lifestyle, research that was published late in 2023 by Zanno and former NC State postdoctoral researcher David Button.

"T. neglectus was at the tail end of this lineage -- Fona is its ancestor from about 35 million years prior," Avrahami says.




The researchers believe Fona is key to expanding our understanding of Cretaceous ecosystems.

"Fona gives us insight into the third dimension an animal can occupy by moving underground," says Avrahami. "It adds to the richness of the fossil record and expands the known diversity of small-bodied herbivores, which remain poorly understood despite being incredibly integral components of Cretaceous ecosystems."

"People tend to have a myopic view of dinosaurs that hasn't kept up with the science," Zanno says. "We now know that dinosaur diversity ran the gamut from tiny arboreal gliders and nocturnal hunters, to sloth-like grazers, and yes, even subterranean shelterers."

The work appears in The Anatomical Record. Peter Makovicky of the University of Minnesota and Ryan Tucker of Stellenbosch University also contributed to the work.
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Engine wear risk as planes swallow more dust waiting to land | ScienceDaily
Planes flying into one of the world's busiest airports are ingesting around 10kg of dust per 1,000 flights -- with most of this dust ingested while they are waiting to land, new research has revealed.


						
Scientists used 17 years of ECMWF atmospheric data and data from the CALIPSO satellite to calculate the quantity of sand and dust swallowed by jet engines at ten major international airports located in desert regions or subject to seasonal dust storms.

The global study, published in the journal Natural Hazards and Earth System Sciences, found that the largest dust doses were ingested at airports close to the Sahara desert, the Middle East and Northern India, when dry and hot conditions drive large dust storms. Summer flights into Delhi topped the list, ingesting an average of 6.6g per arrival in the run up to monsoon season, and 4.4 grams upon departure.

Delhi is followed by Dubai and Niamey, Niger at 4.3g and 4.7g per arrival respectively, while flights into Beijing swallowed 2.9g on average.

Dr Claire Ryder, from the University of Reading and lead author of the study, said: "Dust and sand are dangerous to aircraft because dust melts to form glassy deposits on blades or hard mineral crusts inside engines. These crusts disrupt airflow and cause overheating, resulting in accelerated engine wear.

"Although the amount of dust ingested per flight is not huge, the amounts quickly add up. A plane consuming five grams of dust per arrival and departure will eat 10kg of dust over 1,000 flights. Planes will consume more dust when they are at lower altitudes waiting to land at, though this depends on the local weather conditions which affect the height of a dust plume in the atmosphere.

"Climate change may lead to a dustier world as temperatures rise and deserts expand, but we cannot say for sure -- yet. Climate models do not currently provide a consensus on whether global warming will mean a dustier world, as dust emissions depend on a lot of factors, such as soil moisture, precipitation, surface wind patterns and vegetation cover.




"Ongoing research at the University of Reading is working to improve the ability of climate models to predict dust emissions and transport through the atmosphere."

Holding patterns

The research team found that aircraft ingest more dust while they are performing holding patterns (which is the formation aircraft assume while pilots are waiting for permission to land). Greater quantities of dust are consumed at low holding patterns of one kilometre, where peak dust concentrations often occur.

Holding patterns of 10-15 minutes at a one-kilometre altitude can lead to more dust ingestion than during the take-off, climb and taxi phases of a flight. For example, at Delhi airport during summer, holding at 1km altitude contributes 50% of total dust ingestion. By changing the holding pattern altitude away from the dusty layers, dust ingestion could be cut by 41%.

The researchers also suggest dust exposure could be reduced by changing flight schedules to avoid peak dust times. Shifting flights at Delhi and Dubai to nighttime could reduce engine dust ingestion by more than 30%.
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Study projects major changes in North Atlantic and Arctic marine ecosystems due to climate change | ScienceDaily
New research predicts significant shifts in marine fish communities in the North Atlantic and Arctic Oceans as a result of climate warming.


						
The Nord University-led study projects a change in key fish biomass and suggests that Arctic demersal fish will be at risk of local extinction by the end of the century if no climate refugia is available at eastern latitudes.

The international team of experts, involving Newcastle University experts, analysed data from 16,345 fishery-independent trawls conducted between 2004 and 2022, focusing on 107 marine fish species in the northeast Atlantic, including the Barents Sea. They used advanced modelling techniques to project changes in species distribution and biomass under three future climate scenarios for the years 2050 and 2100.

Published in the journal Nature Communications, the findings show that while some warmer-water fish are moving into the Arctic, they won't fully replace the loss of traditional Arctic species. This shift may result in fewer fish overall, especially of the presently most abundant species, despite an increase in the number of species.

The findings show an overall increase in species richness but a decline in the most abundant species within the community. Warmer-water species are expected to expand their ranges northwards, while colder-water species retract.

The international study involved experts from Nord University, Bodo, Norway; the Institute of Marine Sciences (ICM-CSIC), Barcelona, Spain, Ecopath International Initiative (EII), Barcelona, Spain and Newcastle University, United Kingdom.

Dr Cesc Gordo Vilaseca, of Nord University's Faculty of Biosciences and Aquaculture, is the study first author. He said, "Climate Warming is happening in the Arctic Barents Sea faster than anywhere else, and our study suggests structural changes in the fish community as a result. More observations on these changes in the years to come will help fisheries adapt to the effect of climate warming of biodiversity."

Dr Fabrice Stephenson, of Newcastle University's School of Natural and Environmental Sciences, said "Given the large changes we predict under future climactic conditions, it's really important that future fishery management strategies and marine protected area planning consider shifts in species biomass dynamics and distributions. The research team is currently exploring these important considerations as part of on-going project.
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Researcher finds lithium ion batteries a growing source of pollution | ScienceDaily
Texas Tech University's Jennifer Guelfo was part of a research team that found the use of a novel sub-class of per- and polyfluoroalkyl (PFAS) in lithium ion batteries is a growing source of pollution in air and water.


						
The findings were published in a peer-reviewed study in Nature Communications.

Testing by the research team further found these PFAS, called bis-perfluoroalkyl sulfonimides (bis-FASIs), demonstrate environmental persistence and ecotoxicity comparable to older notorious compounds like perfluorooctanoic acid (PFOA).

Lithium ion batteries are a key part of the growing clean energy infrastructure, with uses in electric cars and electronics, and demand is anticipated to grow exponentially over the next decade.

"Our results reveal a dilemma associated with manufacturing, disposal, and recycling of clean energy infrastructure," said Guelfo, an associate professor of environmental engineering in the Edward E. Whitacre Jr. College of Engineering. "Slashing carbon dioxide emissions with innovations like electric cars is critical, but it shouldn't come with the side effect of increasing PFAS pollution. We need to facilitate technologies, manufacturing controls and recycling solutions that can fight the climate crisis without releasing highly recalcitrant pollutants."

The researchers sampled air, water, snow, soil and sediment near manufacturing plants in Minnesota, Kentucky, Belgium and France. The bis-FASI concentrations in these samples were commonly at very high levels. Data also suggested air emissions of bis-FASIs may facilitate long-range transport, meaning areas far from manufacturing sites may be affected as well. Analysis of several municipal landfills in the southeastern U.S. indicated these compounds can also enter the environment through disposal of products, including lithium ion batteries.

Toxicity testing demonstrated concentrations of bis-FASIs similar to those found at the sampling sites can change behavior and fundamental energy metabolic processes of aquatic organisms. Bis-FASI toxicity has not yet been studied in humans, though other, more well-studied PFAS are linked to cancer, infertility and other serious health harms.




Treatability testing showed bis-FASIs did not break down during oxidation, which has also been observed for other PFAS. However, data showed concentrations of bis-FASIs in water could be reduced using granular activated carbon and ion exchange, methods already used to remove PFAS from drinking water.

"These results illustrate that treatment approaches designed for PFOA and PFOS (perfluorooctanesulfonic acid) can also remove bis-FASIs," said study author Lee Ferguson, associate professor of environmental engineering at Duke University. "Use of these approaches is likely to increase as treatment facilities are upgraded to comply with newly enacted EPA Maximum Contaminant Levels for PFAS."

Guelfo and Ferguson emphasize this is a pivotal time for adoption of clean energy technologies that can reduce carbon dioxide emissions.

"We should harness the expertise of multi-disciplinary teams of scientists, engineers, sociologists, and policy makers to develop and promote use of clean energy infrastructure while minimizing the environmental footprint," Ferguson said.

"We should use the momentum behind current energy initiatives to ensure that new energy technologies are truly clean," Guelfo added.

Texas Tech University's Jennifer Guelfo was part of a research team that found the use of a novel sub-class of per- and polyfluoroalkyl (PFAS) in lithium ion batteries is a growing source of pollution in air and water.




The findings were published in a peer-reviewed study in Nature Communications.

Testing by the research team further found these PFAS, called bis-perfluoroalkyl sulfonimides (bis-FASIs), demonstrate environmental persistence and ecotoxicity comparable to older notorious compounds like perfluorooctanoic acid (PFOA).

Lithium ion batteries are a key part of the growing clean energy infrastructure, with uses in electric cars and electronics, and demand is anticipated to grow exponentially over the next decade.

"Our results reveal a dilemma associated with manufacturing, disposal, and recycling of clean energy infrastructure," said Guelfo, an associate professor of environmental engineering in the Edward E. Whitacre Jr. College of Engineering. "Slashing carbon dioxide emissions with innovations like electric cars is critical, but it shouldn't come with the side effect of increasing PFAS pollution. We need to facilitate technologies, manufacturing controls and recycling solutions that can fight the climate crisis without releasing highly recalcitrant pollutants."

The researchers sampled air, water, snow, soil and sediment near manufacturing plants in Minnesota, Kentucky, Belgium and France. The bis-FASI concentrations in these samples were commonly at very high levels. Data also suggested air emissions of bis-FASIs may facilitate long-range transport, meaning areas far from manufacturing sites may be affected as well. Analysis of several municipal landfills in the southeastern U.S. indicated these compounds can also enter the environment through disposal of products, including lithium ion batteries.

Toxicity testing demonstrated concentrations of bis-FASIs similar to those found at the sampling sites can change behavior and fundamental energy metabolic processes of aquatic organisms. Bis-FASI toxicity has not yet been studied in humans, though other, more well-studied PFAS are linked to cancer, infertility and other serious health harms.

Treatability testing showed bis-FASIs did not break down during oxidation, which has also been observed for other PFAS. However, data showed concentrations of bis-FASIs in water could be reduced using granular activated carbon and ion exchange, methods already used to remove PFAS from drinking water.

"These results illustrate that treatment approaches designed for PFOA and PFOS (perfluorooctanesulfonic acid) can also remove bis-FASIs," said study author Lee Ferguson, associate professor of environmental engineering at Duke University. "Use of these approaches is likely to increase as treatment facilities are upgraded to comply with newly enacted EPA Maximum Contaminant Levels for PFAS."

Guelfo and Ferguson emphasize this is a pivotal time for adoption of clean energy technologies that can reduce carbon dioxide emissions.

"We should harness the expertise of multi-disciplinary teams of scientists, engineers, sociologists, and policy makers to develop and promote use of clean energy infrastructure while minimizing the environmental footprint," Ferguson said.

"We should use the momentum behind current energy initiatives to ensure that new energy technologies are truly clean," Guelfo added.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240708222418.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A gut microbe could hold a key to help people benefit from healthy foods | ScienceDaily
In an analysis of more than 50,000 individuals from around the world, carriers of gut Blastocystis, a single-celled organism that has been labeled either a parasite or harmless organism but is commonly found in the digestive system, was linked to indicators of good cardiovascular health and decreased body fat. The research is published in Cell by an international team led by investigators at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system.


						
"Blastocystis' effects on health and disease are controversial and likely context-dependent, but our research suggests that it may play a beneficial role in how diet impacts human health and disease," said co-lead author Long H. Nguyen, MD, MS, a physician investigator in the Clinical and Translational Epidemiology Unit and Division of Gastroenterology at MGH, and an assistant professor of Medicine at Harvard Medical School. "At the very least, its ubiquity may suggest a non-pathogenic role."

Nguyen, who is also a Chen Institute Department of Medicine Transformative Scholar at MGH, and colleagues sought to establish the relationship between gut Blastocystis, nutrition, and subsequent cardiometabolic health outcomes, including overweight/obesity, type 2 diabetes, and cardiovascular disease. To do so, they performed a large-scale study integrating and harmonizing data on nearly 57,000 individuals from 32 countries in North and South America, Europe, Asia, and Africa, focusing on Blastocystis and investigating whether its presence alters the effects of different dietary foods on individuals' cardiometabolic health.

"We found that Blastocysis' presence and abundance varied by region and were influenced by diet," said Nguyen.

Blastocystis was associated with the intake of certain food items and overall dietary patterns favoring more healthful plant-based and minimally processed foods. Additionally, Blastocystis was hardly ever found in newborns, suggesting that it is likely acquired later in life and was even found in stool from 595 AD, suggesting it is not strictly a marker of a more modern microbiome configuration.

Notably, higher Blastocystis levels were linked to better short-term markers of cardiometabolic health. For example, the team observed more favorable blood sugar and lipid profiles in individuals with higher Blastocystis levels, suggesting a potential positive impact on cardiometabolic health beyond the effect of a healthy diet alone. Also, lower levels of Blastocystis were linked with long-term outcomes such as obesity.

Also, in adults who participated in a six-month personalized diet intervention study, improvements in diet quality were linked with subsequent increases in Blastocystis prevalence and abundance.

"Overall, our findings suggest a potentially beneficial modulating role for Blastocystis, which may help explain individualized responses to diet and differences in digestive health depending on the presence and level of Blastocystis," said Nguyen. "Also, our results indicate that Blastocystis may not be a parasite with detrimental host effects but, rather, a favorable constituent of the human gut microbiome."
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Raw milk is risky, but airborne transmission of H5N1 from cow's milk is inefficient in mammals | ScienceDaily
While H5N1 avian influenza virus taken from infected cow's milk makes mice and ferrets sick when dripped into their noses, airborne transmission of the virus between ferrets -- a common model for human transmission -- appears to be limited.


						
These and other new findings about the strain of H5N1 circulating among North American dairy cattle this year come from a set of laboratory experiments led by University of Wisconsin-Madison researchers, reported in the journal Nature. Together, they suggest that exposure to raw milk infected with the currently circulating virus poses a real risk of infecting humans, but that the virus may not spread very far or quickly to others.

"This relatively low risk is good news, since it means the virus is unlikely to easily infect others who aren't exposed to raw infected milk," says Yoshihiro Kawaoka, a UW-Madison professor of pathobiological sciences who led the study alongside Keith Poulsen, director of the Wisconsin Veterinary Diagnostic Laboratory, and with collaborators at Texas A&M University, Japan's University of Shizuoka and elsewhere.

Kawaoka cautioned, however, that the findings represent the behavior of the virus in mice and ferrets and may not account for the infection and evolution process in humans.

In their experiments, the UW-Madison team found that mice can become ill with influenza after drinking even relatively small quantities of raw milk taken from an infected cow in New Mexico.

Kawaoka and his colleagues also tested the bovine H5N1 virus's ability to spread through the air by placing ferrets infected with the virus near but out of physical contact with uninfected ferrets. Ferrets are a common model for understanding how influenza viruses might spread among humans because the small mammals exhibit respiratory symptoms similar to humans who are sick with the flu, including congestion, sneezing and fever. Efficient airborne transmission would signal a serious escalation in the virus's potential to spark a human pandemic.

None of the four exposed ferrets became ill, and no virus was recovered from them throughout the course of the study. However upon further testing, the researchers found that one exposed ferret had produced antibodies to the H5N1 virus.




"That suggests that the exposed ferret was infected, indicating some level of airborne transmissibility but not a substantial level," Kawaoka says.

Separately, the team mixed the bovine H5N1 virus with receptors -- molecules the virus binds to in order to enter cells -- that are typically recognized by avian or human influenza viruses. They found that bovine H5N1 bound to both types of molecules, representing one more line of evidence of its adaptability to human hosts.

While that adaptability has so far resulted in a limited number of human H5N1 cases, previous influenza viruses that caused human pandemics in 1957 and 1968 did so after developing the ability to bind to receptors bound by human influenza viruses.

Finally, the UW-Madison team found that the virus spread to the mammary glands and muscles of mice infected with H5N1 virus and that the virus spread from mothers to their pups, likely via infected milk. These findings underscore the potential risks of consuming unpasteurized milk and possibly undercooked beef derived from infected cattle if the virus spreads widely among beef cattle, according to Kawaoka.

"The H5N1 virus currently circulating in cattle has limited capacity to transmit in mammals," he says. "But we need to monitor and contain this virus to prevent its evolution to one that transmits well in humans."
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Scientists discover how to improve vaccine responses to potentially deadly bacterium | ScienceDaily
Researchers from Trinity College Dublin have taken a leap forward in understanding how we might fight back against the potentially deadly MRSA bacterium. They have shown in an animal model that targeting a key suppressive immune molecule (IL-10) during the delivery of a vaccine improves the ability of the vaccine to protect against infection.


						
The bacterium Staphylococcus aureus is one of the leading causes of community- and hospital-acquired bacterial infection, and is associated with over one million deaths worldwide each year. Unfortunately, antibiotics are becoming increasingly less effective against this bacterium with the antibiotic-resistant form, MRSA, responsible for the highest number of deaths in high-income countries that are attributable to antimicrobial resistant bacterial infections.

As a result, scientists are keenly focused on finding solutions to turn the tide in fighting S. aureus-related infections. One hugely appealing option is a vaccine but, while some progress has been made on that front in recent years, a number of major hurdles remain. One of these appears to be the bacterium's ability to dampen the immune response by turning on one of the natural breaks that exists within the immune system, an important immune-suppressive molecule known as Interleukin-10 (IL-10), which acts to reduce inflammation in the body.

The interesting thing about S. aureus is that in addition to being a deadly pathogen, forms of this bacteria live in and on our bodies without causing harm. During these asymptomatic interactions the bacterium is, however, shaping the immune response -- meaning that when a vaccine against S. aureus is administered the immune system struggles to respond appropriately.

Here, in the work just published in the journal JCI Insight, the researchers showed in the animal model that if they immunised subjects with a vaccine that primed their immune systems to respond to infection in tandem with antibodies that neutralised IL-10, the immune response (via specialised T cells) was improved and bacterial clearance was likewise improved following subsequent infection.

The research team was led by Rachel McLoughlin, Professor in Immunology in Trinity College Dublin's School of Biochemistry and Immunology. Rachel, who is based in the Trinity Biomedical Sciences Institute, said: "Taken in combination, our results offer significant promise for what would be a novel strategy for improving the efficacy of vaccines developed with the aim of suppressing S. aureus infection.

"Our work also strongly suggests that prior exposures to this bacterium may create a situation whereby our immune system no longer sees it as a threat and thus does not respond appropriately to a vaccine due to the creation of this immune-suppressed state. Again, this underlines why immunisation delivered with something that helps neutralise IL-10 offers renewed hope for effective vaccines against S. aureus."
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Study reveals environmental impact of artificial sweeteners | ScienceDaily
The human body's inability to break down sucralose, an artificial sweetener found in many zero-calorie food and drink products, is well established by scientific research. The compound is so stable that it escapes wastewater treatment processing and is in drinking water and aquatic environments.


						
"We can't break down sucralose, and a lot of microorganisms can't break it down, either, because it's a really tough molecule that doesn't degrade easily. So there are a lot of questions about how it is affecting the environment and whether it's something that could impact our microbial communities," said Tracey Schafer, an assistant research scientist for the University of Florida's Whitney Laboratory for Marine Bioscience and the soil, water and ecosystem sciences department, part of UF's Institute of Food and Agricultural Sciences.

Schafer is a co-author of a recently published study demonstrating how sucralose affects the behavior of cyanobacteria -- an aquatic photosynthetic bacteria -- and diatoms, microscopic algae that account for more than 30% of the primary food production in the marine food chain.

Researchers collected soil and water from a freshwater site and a brackish water site in Marineland, Florida. Back at their St. Augustine lab, they exposed samples to different sucralose concentrations and measured photosynthesis and microbial respiration in two separate time studies: every four to six hours during a single day and every 24 hours over the course of five days.

Compared to a control group, the concentration of freshwater cyanobacteria increased when samples were exposed to sucralose, but the concentration of brackish cyanobacteria spiked and then crashed when dosed.

"There is the potential that the freshwater communities might be mistaking sucralose for a nutrient, for a sugar that they can use as food," said Amelia Westmoreland, the study's lead author and a scientific researcher who worked on the project while completing her undergraduate degree in chemistry.

Both freshwater and brackish diatoms exposed to sucralose displayed an overall decreasing trend in population compared to a control group. The difference between dosed samples and the control group was most profound, however, in the freshwater experiments.




Sucralose's ability to both increase and decrease microbial community populations could potentially threaten a naturally balanced ecosystem, Westmoreland said.

"Extreme examples of how this could play out are the diatom community could disappear, and the other extreme is this community could completely overtake everything else," she said.

Both Schafer and Westmoreland said more research is needed to fully understand sucralose and its impact on aquatic environments.

"I think this study was a good first step in starting to look at how sucralose could impact our aquatic communities, and hopefully it will drive more research forward," Schafer said.
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Ancient dingo DNA shows modern dingoes share little ancestry with modern dog breeds | ScienceDaily
A landmark study of ancient dingo DNA revealed that the distribution of modern dingoes across Australia, including those on K'gari, pre-dates European colonisation and interventions like the dingo-proof fence, co-led research by QUT and University of Adelaide researchers has found.


						    	DNA from fossilised dingo remains going back 2746 years compared with modern dingoes'
    	Dingos arrived in Australia more than 3000 years ago
    	K'gari dingoes have no domestic dog ancestry -- they are pure dingo

The multidisciplinary research team generated a first-of-its-kind collection of 42 ancient dingo specimens, dating from 400 to 2746 years ago, and compared the data with DNA from modern dingoes, as well as ancient and modern dogs worldwide.

Co-lead author, paleogeneticist Dr Sally Wasef, from QUT's School of Biomedical Sciences said this dataset gave a rare glimpse into the pre-colonial genetic landscape of dingoes, free from any mixing with modern dog breeds.

"Consequently, are behaviourally, genetically, and anatomically distinct from domestic dogs," Dr Wasef said.

"Modern-day dingoes' ancestors arrived in Australia more than 3000 years ago, most likely transported by seafaring people.

"The samples we analysed represent the oldest ancient DNA recovered in Australia and indicate broad possibilities of future DNA and conservation work that could be carried out on dingoes and other animals.

"Dingo populations are classified into east and west groups which were previously thought to have formed during post-colonial human activity.




"Our findings show, however, that dingoes' population structure was already in place thousands of years ago and clarify the genetic heritage of dingoes, while highlighting the importance of using ancient DNA for wildlife conservation.

"For example, all K'gari dingoes we analysed do not have any domestic dog ancestry, proving they preserve their full ancestral heritage.

"Although we studied only a small number of K'gari dingoes, our findings highlight the importance and usefulness of our pre-colonial ancient genomic data to conserving our unique native animals.

"Due to poor human behaviour that causes some dingoes to become habituated to seeking food from tourists, several problem dingoes have been culled, which is concerning given their small population size."

Co-lead author Dr Yassine Souilmi, from the University of Adelaide's Australian Centre for Ancient DNA and Environment Institute, said the unique dataset of ancient dingo DNA had helped to uncover crucial details about the ancestry and migration patterns of the modern-day dingo.

"Dingoes had distinct regional populations, split roughly along the Great Dividing Range, long before the European invasion of Australia, and certainly predating the dingo-proof fence," Dr Souilmi said.




"The DNA analysis also showed less interbreeding between dingoes and modern dogs than was previously thought, with our research confirming today's dingoes retain much of their ancestral genetic diversity.

"Dingoes hold significant cultural importance to Aboriginal and Torres Strait Islander peoples and play an essential role in the Australian ecosystem.

"Understanding their historical population structure helps us preserve the dingo's role in Australian ecology and culture.

"Dingoes are currently under threat from lethal culling programs, and our research highlights the importance of protecting populations in national parks and beyond."
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Restored oyster sanctuaries host more marine life | ScienceDaily
In the campaign to restore Chesapeake Bay, oyster sanctuaries rank among the most hotly contested strategies. But new research suggests these no-harvest areas are working, and not only for the oysters. In a new study published July 4 in Marine Ecology Progress Series, Smithsonian biologists discovered oyster sanctuaries contain more abundant populations of oysters and other animal life -- and the presence of two common parasites is not preventing that.


						
Oysters form the backbone of Chesapeake Bay. Besides injecting millions of dollars into the regional economy each year, they also act as vital habitat and filter feeders that clean the water. But their populations have dwindled to roughly 1% of historic levels. Disease, overharvesting, habitat loss and pollution have all whittled down their numbers.

Over the past two decades, Maryland and Virginia have worked to restore their oysters by creating vast networks of sanctuaries where oysters are protected from harvest. This has led to a rebound of oyster growth, habitat quality and biodiversity within the sanctuaries, the new study reported.

"The sanctuary programs appear to be working and facilitating oyster reef regrowth after so many decades of overharvesting," said lead author Zofia Anchondo, who did the research as part of her graduate fellowship with the Smithsonian Environmental Research Center and the University of North Carolina at Chapel Hill.

But at the same time, the resurgence in marine life went hand in hand with a rise in oyster parasites. The study looked at two parasites in particular: the boring sponge and the mud blister worm. Boring sponges drill holes through oyster shells to find shelter. Blister worms form U-shaped burrows inside the shells. The presence of either can render oysters unsightly or even unmarketable. Both are considered likely native to the bay, and neither are harmful to people. For this study, the researchers did not look at dermo or MSX, two non-native parasites responsible for some of the worst oyster crashes, though they collected data for a follow-up study.

Parasitism is the most common lifestyle on Earth, so a parasite's presence is not necessarily a sign that the environment is out of joint, the authors pointed out.

"Parasites have been ignored as an important component of biodiversity," said Allison Tracy, a co-author from the University of Maryland, Baltimore County and the University of Maryland School of Medicine. "But they're a natural part of ecosystems....The way ecosystems naturally function depends on parasite effects."

"They're not preventing high oyster densities," said Matt Ogburn, a co-author and senior scientist with the Smithsonian Environmental Research Center. They may even be good for the oysters' long-term evolution, Ogburn added, though that question needs more definitive research. "Restoring the oyster reefs is likely to be helping the oyster population become more resilient to the parasites that are out there now, compared to what would be possible if everything was harvested all the time."




The new study focused on three Chesapeake tributaries: the Choptank River, the Great Wicomico River and the James River. Each had its own oyster sanctuary and another harvest area for comparison, where watermen and -women could freely catch oysters. The scientists used footage from underwater GoPro cameras to give each reef a habitat "score" (one through four, based on the percentage of oyster cover and vertical structure). The GoPro videos also enabled them to record other animals visiting the oyster reefs. Working under state research permits, divers later collected some of the oysters from each reef to estimate oyster density and search for parasites.

Overall, oysters fared better in the sanctuaries. All three tributaries had higher densities of legal, harvest-sized oysters in their sanctuaries than in their harvest sites. In two tributaries -- the James and Great Wicomico rivers -- oysters of all sizes, including juveniles and baby oysters, were more abundant in the sanctuaries.

Sanctuaries also scored higher for habitat quality, and the videos captured plenty of underwater animals taking advantage of them. Blue crabs, rockfish and summer flounder were just a few of the species that flocked to the sanctuary reefs. In the James and Great Wicomico rivers, the researchers estimated sanctuaries hosted 10 times as many animals, and nearly double the number of species, as the harvest reefs. The one exception was the Choptank River, where animal life was low in both the sanctuary and harvest sites.

Yet as the oysters flourished, so did the two parasites. More than half the oysters in all six sites -- sanctuary and harvest -- had the telltale holes of a boring sponge attack. However, the boring sponge was more prevalent in sanctuaries than harvest sites within two of the three tributaries. Mud blister worms were far less abundant -- infecting 2-10% of oysters -- but still higher in sanctuaries than harvest sites for two of the tributaries.

Neither parasite, the authors pointed out, is dangerous to humans. Both parasites only infect oyster shells, not the oyster tissue that people eat.

"It's more of a concern for the fishery, because they can make the shells less attractive," Tracy said. "It can decrease the value of the oyster for the half-shell market. But they have no effect on our health." In the unlikely event that a person did accidentally slurp up one of these parasites with their raw oyster, Tracy said, it would simply pass through their system without impact. "There's no shell that it can find to bore into in your stomach. So basically, it would be uninterested."
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Coral reefs: Battlegrounds for survival in a changing climate | ScienceDaily
Coral reefs, those vibrant underwater cities, stand on the precipice of collapse. While rising ocean temperatures and coral bleaching grab headlines, a new essay in Current Biology reveals a hidden layer of complexity in this fight for survival: the often-overlooked roles of the reefs' smallest inhabitants.


						
Scientists have long understood the vital partnership between corals and their symbiotic algae, but work by researchers at UC Santa Barbara and University of Georgia highlights how the fate of entire reefs may hinge on the complex interplay between a diverse cast of fish and invertebrate residents. These tiny tenants, it turns out, can be both heroes and villains in the drama.

"It's like a bustling city teetering on the edge," explained co-author Adrian Stier, a marine biologist at UC Santa Barbara. "We're only now realizing that it's a microcosmic battleground where seemingly insignificant creatures can be the difference between a reef thriving or succumbing to human impacts."

Take, for example, the humble damselfish. A recent study published in PLOS ONE found that corals inhabited by these tiny fish were far more likely to withstand and recover from heat waves. The researchers suggest the fish provide a crucial nutrient boost to their coral hosts, effectively fertilizing them with their ammonia-rich waste. This finding echoes similar work published in Global Change Biology, where damselfish were shown to help corals resist bleaching by fostering the symbiosis between corals and their photosynthesizing zooxanthellae.

But it's not just about boosting resources. Another study, also published in PLOS ONE, revealed that certain territorial damselfish act as coral bodyguards, protecting their homes from predators and allowing the corals to expend less energy on defense and more on growth and survival.

"This new research serves as a powerful reminder that even the smallest creatures can play a significant role in the health of our planet," Stier said.

However, not all coral residents are so benevolent. The essay also highlights the darker side of these micro-relationships. Parasitic snails, like those featured in a Nature Ecology & Evolution study, can weaken their coral hosts, making them more susceptible to bleaching. Other creatures, like the vermetid snail investigated in a study published in Ecology, can disrupt the delicate balance of the reef, outcompeting corals for space and resources.

Even crabs, often lauded for their cleaning services, can turn from helpful housekeepers to harmful hoarders. Research in Coral Reefs revealed that under extreme heat stress, certain crab species turn aggressive, fighting amongst themselves and ultimately harming their coral homes.

"It's a constant dance between beneficial partnerships and harmful interactions," Stier said. "Deciphering this intricate web of life is critical if we want to effectively protect coral reefs."

While tackling climate change remains the ultimate solution to safeguarding coral reefs, understanding the complex dynamics between corals and their miniature residents could be crucial for buying precious time for these vital ecosystems. By identifying and protecting the heroes, and mitigating the damage caused by the villains, scientists hope to tip the scales in favor of coral reef survival.
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New extremely fast carbon storage technology | ScienceDaily
A new way to store carbon captured from the atmosphere developed by researchers from The University of Texas at Austin works much faster than current methods without the harmful chemical accelerants they require.


						
In new research published in ACS Sustainable Chemistry & Engineering, the team developed a technique for ultrafast formation of carbon dioxide hydrates. These unique ice-like materials can bury carbon dioxide in the ocean, preventing it from being released into the atmosphere.

"We're staring at a huge challenge -- finding a way to safely remove gigatons of carbon from our atmosphere -- and hydrates offer a universal solution for carbon storage. For them to be a major piece of the carbon storage pie, we need the technology to grow them rapidly and at scale," said Vaibhav Bahadur, a professor in the Walker Department of Mechanical Engineering who led the research. "We've shown that we can quickly grow hydrates without using any chemicals that offset the environmental benefits of carbon capture."

Carbon dioxide is the most common greenhouse gas and a major driver of climate change. Carbon capture and sequestration takes carbon out of the atmosphere and stores it permanently. And it is seen as a critical aspect of decarbonizing our planet.

Today, the most common carbon storage method involves injecting carbon dioxide into underground reservoirs. This technique has the dual benefits of trapping carbon and also increasing oil production.

However, this technique faces significant issues, including carbon dioxide leakage and migration, groundwater contamination and seismic risks associated with injection. Many parts of the world also lack suitable geologic features for reservoir injection.

Hydrates represent a "plan B" for gigascale carbon storage, Bahadur said, but they could become "plan A" if some of the main issues can be overcome. Until now, the process of forming these carbon-trapping hydrates has been slow and energy-intensive, holding it back as a large-scale means of carbon storage.




In this new study, the researchers achieved a sixfold increase in the hydrate formation rate compared with previous methods. The speed combined with the chemical-free process make it easier to use these hydrates for mass-scale carbon storage.

Magnesium represents the "secret sauce" in this research, acting as a catalyst that eliminates the need for chemical promoters. This is aided by high flow rate bubbling of CO2 in a specific reactor configuration. This technology works well with seawater, which makes it easier to implement because it doesn't rely on complex desalination processes to create fresh water.

"Hydrates are attractive carbon storage options since the seabed offers stable thermodynamic conditions, which protects them from decomposing." Bahadur said. "We are essentially making carbon storage available to every country on the planet that has a coastline; this makes storage more accessible and feasible on a global scale and brings us closer to achieving a sustainable future."

The implications of this breakthrough extend beyond carbon sequestration. Ultrafast formation of hydrates has potential applications in desalination, gas separation and gas storage, offering a versatile solution for various industries. 

The researchers and UT have filed for a pair of patents related to the technology, and the team is considering a startup to commercialize it.
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New bio-based tool quickly detects concerning coronavirus variants | ScienceDaily
Cornell University researchers have developed a bioelectric device that can detect and classify new variants of coronavirus to identify those that are most harmful. It has the potential to do the same with other viruses, as well.


						
The sensing tool uses a cell membrane, aka biomembrane, on a microchip that recreates the cellular environment for -- and the biological steps of -- infection. This enables researchers to quickly characterize variants of concern and parse the mechanics that drive the disease's spread, without getting bogged down by the complexity of living systems.

"In the news, we see these variants of concern emerge periodically, like delta, omicron and so on, and it kind of freaks everyone out. The first thoughts are, 'Does my vaccine cover this new variant? How concerned should I be?'" said Susan Daniel, professor of chemical engineering, and senior author of the paper published in Nature Communications. "It takes a little while to determine if a variant is a true cause for concern or if it will just it fizzle out."

While plenty of biological elements have been put on microchips, from cells to organelles and organ-like structures, the new platform differs from those devices because it actually recapitulates the biological cues and processes that lead to the initiation of an infection at the cellular membrane of a single cell. In effect, it fools a variant into behaving as if it is in an actual cellular system of its potential host.

"There could potentially be a correlation between how well a variant can deliver its genome across the biomembrane layer and how concerning that variant can be in terms of its ability to infect humans," Daniel said. "If it's able to release its genome very effectively, perhaps that's an indicator that a variant of concern should be something we should monitor closely or formulate a new vaccine that includes it. If it doesn't release it very well, then maybe that variant of concern is something less worrisome. The key point is we need to classify these variants quickly so we can make informed decisions, and we can do this really fast with our devices. These assays take minutes to run, and it's 'label-free,' meaning you don't actually have to tag the virus to monitor its progress."

Because the researchers are able to faithfully recreate the biological conditions and cues that activate a virus, they can also change those cues and see how the virus responds.

"In terms of understanding the basic science of how infection occurs and what cues can assist or hinder it, this is a unique tool," Daniel said. "Because you can decouple many aspects of the reaction sequence, and identify what factors promote or impede infection."

The platform can be tailored for other viruses, such as influenza and measles, so long as the researchers know what cell type has the propensity to be infected, as well as what biological idiosyncrasies allow a specific infection to flourish. For example, influenza requires a pH drop to trigger its hemagglutinin, and coronavirus has an enzyme that activates its spike protein.




"Every virus has its own way of doing things. And you need to know what they are to replicate that infection process on chip," Daniel said. "But once you know them, you can build the platform out to accommodate any of those specific conditions."

Co-authors include doctoral student Ambika Pachaury; and Konstantinos Kallitsis and Zixuan Lu of University of Cambridge.

The research was supported by the Defense Advanced Research Projects Agency (DARPA), the Army Research Office, Cornell's Smith Fellowship for Postdoctoral Innovation, the Schmidt Futures program and the National Science Foundation.
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Companies that mitigate climate change reduce their cost of capital | ScienceDaily
The climate crisis is hitting home with more frequent extreme weather events. Companies, particularly those in high-emission industries, are major contributors to global carbon emissions, therefore making them key players in the fight against climate change. Recognizing this responsibility, many businesses are now taking proactive measures to reduce their carbon footprint, by reducing carbon emissions and transparently sharing their environmental strategies and data.


						
The Task Force on Climate-Related Financial Disclosures (TCFD) offers companies a framework to share climate-related financial information, allowing them to better navigate the risks and opportunities of climate change. In recent years, support for TCFD has surged, and Japan stands out as a leading proponent of such disclosures. However, how TCFD disclosures improve a company's financial performance and provide tangible benefits remains underexplored.

To address this gap, a research team from Kyushu University analyzed data from approximately 2,100 Japanese listed companies over five years, from 2017 to 2021. This study, one of the first to use holistic TCFD and corporate data in Japan, was published in Corporate Social Responsibility and Environmental Management on May 20, 2024.

The research focused on the impact of corporate climate change actions, including carbon performance, climate-related disclosures, and corporate commitments. Researchers analyzed how these actions affect the cost of capital, which refers to the costs incurred by a company to finance its operations. The results show that companies with higher carbon emissions face higher costs for borrowing and raising money. However, those that follow TCFD guidelines and openly share climate-related information benefit from lower capital costs. Additionally, simply making promises about climate action does not significantly impact financial costs. Stakeholders are more concerned with what companies actually do rather than what they say.

One key finding is that high greenhouse gas (GHG) emissions increase climate change risks, both physical risks, such as extreme weather events, and transition risks, like regulatory changes. These increased risks create uncertainties that drive investors and lenders to demand higher returns, resulting in higher costs of equity (CoE) and debt (CoD). CoE is the return that investors expect for buying a company's stock, while CoD is the fees a company pays to borrow money from lenders such as banks.

To reduce these uncertainties and avoid unexpected losses, investors seek to make more informed decisions by understanding and assessing a company's climate change risks. Transparency in climate change-related data thus becomes crucial. As Siyu Shen, a graduate student at Kyushu University's Graduate School of Economics and the paper's second author, explains, "When companies share climate-related data, it gives investors and consumers a clearer picture of their environmental efforts, making them more likely to invest. We found that this kind of openness is particularly important in energy sectors like electricity and oil, where climate change is a major issue."

Notably, while the study found that following TCFD guidelines effectively reduced the cost of equity, it did not have a significant impact on the cost of debt. This might be attributed to Japan's negative interest rate policy during the study period, where the Bank of Japan kept borrowing costs low by injecting large amounts of funds into the market. With the end of this policy in March 2024, interest rates in the Japanese bond market are expected to rise. In this context, sustainable linked loans, which provide loans for decarbonising energy transition at low interest rates, are becoming increasingly popular. In 2024 and beyond, corporate climate change mitigation actions in Japan could have the potential to lower the cost of dept.

Although this study focuses on Japan, it provides valuable insights for investors, companies, and policymakers worldwide by highlighting the connection between climate disclosures and capital costs. From 2022, companies listed in Japan's prime markets have been mandated to follow TCFD guidelines. While more companies are engaging in climate mitigation, it's time for them to consider additional strategies to differentiate their carbon performance.

A series of environmental economic studies, including this one, have spurred research collaborators Professor Shunsuke Managi and Associate Professor Alexander Ryota Keeley from Kyushu University's Faculty of Engineering to establish aiESG, a start-up that utilizes AI-based system to analyze the sustainability of global supply chains. Looking ahead, the research team plans to expand their analysis globally to see how regulations and cultural differences impact the relationship between climate change, carbon performance, and capital costs in various regions. They aspire to become one of the leading teams in climate impact research.

Collaboration among investors, companies, academics, and policymakers is indispensable for tackling the global climate crisis and achieving carbon neutrality. "We hope our research provides the scientific evidence needed to support companies in developing new strategies, changing behaviors, and ultimately reducing emissions," notes Hidemichi Fujii, Professor at Kyushu University's Faculty of Economics and the corresponding author of the study.
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Genomic data integration improves prediction accuracy of apple fruit traits | ScienceDaily
Over the past few decades, the world has witnessed tremendous progress in the tools used for genomic analysis. While it's usually more common to associate these tools with the fields of biology and medicine, they have proven to be very valuable in agriculture as well. Using numerous DNA markers obtained from next-generation sequencing technologies, breeders can make genomic predictions and select promising individuals based on based on their predicted trait values.


						
Various systems and methodologies aimed at improving the quality of fruits use genetic analysis. One of them consists of genetic selection (GS) and genetic prediction (GP). This modern breeding approach uses statistical models to assess the entire genetic profile of a given individual based on previously collected genomes and their associated traits. This enables breeders to make predictions about the fruit traits that will be produced in the future at the seedling stage. In contrast, genome-wide association studies (GWAS) are instead focused on finding the exact genetic variants that are responsible for a particular fruit trait.

Until now, GP and GWAS have predominantly used DNA markers from a single system, and when the system in use became obsolete, it had to be re-analyzed using a more up-to-date system. However, it has been difficult to re-analyze populations for selection in fruit tree breeding that have been analyzed in previous systems, as it is not possible to re-obtain DNA from individuals discarded during selection. Thus, in a recent study published in Horticulture Research on 8 July 2024, a research team led by Associate Professor Mai F. Minamikawa from the Institute for Advanced Academic Research, Chiba University, Japan, set out to clarify whether combining apple data from different systems could lead to more accurate results when performing GP and GWAS. Other members of the team included Dr. Miyuki Kunihisa from the Institute of Fruit Tree and Tea Science, National Agriculture and Food Research Organization, Japan, and Professor Hiroyoshi Iwata is from the Graduate School of Agricultural and Life Sciences at the University of Tokyo, Japan.

First, the researchers combined apple datasets acquired from two different genotyping systems, namely Infinium and genotyping by random amplicon sequencing direct (GRAS-Di). Then, they used these combined genotype markers to perform GP and GWAS for a total of 24 different fruit traits, including acidity, sweetness, harvest time, and solid soluble content. The team compared the performance of predictions made using models trained on either dataset alone or both combined.

The results were very encouraging; the accuracy of genomic predictions and the detection power of the GWAS system increased significantly when using the Infinium and GRAS-Di combined datasets for multiple fruit traits. This suggests there are benefits to combining data from different systems and leveraging historical data.

To push the envelope further, the researchers also trained the GP model in such a way that inbreeding effects were considered. Interestingly, these results also hinted at the combined approach performing better for certain traits, including Brix and Degree of mealiness. Still, these findings were less conclusive, as Dr. Minamikawa remarks, "Although the accuracy of GS for fruit traits in apples can be improved by data on inbreeding, further studies are needed to understand the relationship between fruit traits and inbreeding."

Overall, the findings of this study hint at a convenient way of improving the accuracy of GS and GWAS by leveraging existing datasets. This could have many positive implications in agriculture, as Dr. Minamikawa highlights, "The challenges such as large plant size and long juvenile periods in fruit trees can be addressed by identifying superior genotypes from numerous individuals using high accuracy GS as seedling stage and detecting genetic variants for a target trait using precise GWAS."

Let us hope further progress in this field makes the breeding of fruits more efficient and reliable so we can keep enjoying them in our diets.
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        Creativity starts in the cradle, new research shows
        New research indicates that babies can begin grasping complex language and ideas.

      

      
        Loneliness increases risk of age-related memory loss
        About a third of Canadians feel lonely, and a study shows it has a greater negative impact on memory than even social isolation, though both present a significant risk to the aging population.

      

      
        Rapid growth, persistent challenges in telemedicine adoption among US hospitals
        A new study shows a significant increase in telemedicine services offered by U.S. hospitals from 2017 to 2022, while also highlighting persistent barriers to its full implementation.

      

      
        Greater focus needed on how existing international law can prevent the increasing militarization of outer space
        There is a pressing need for countries and international organizations to understand better how existing international law can help them address serious concerns about the militarization of outer space, a new study says.

      

      
        Young people believe that artificial intelligence is a valuable tool for healthcare
        Children and young people are generally positive about artificial intelligence (AI) and think it should be used in modern healthcare.

      

      
        When there's money to lose, phone usage while driving drops
        Researchers discovered that feedback plus cash incentives designed with insights from behavioral science reduces phone use while driving.

      

      
        Tackling the challenge of coca plant ID: Wild vs cultivated for cocaine
        A new paper reveals that it's not as straightforward as it might seem. Despite decades of data collection by the United Nations Office on Drugs and Crime (UNODC), which has been valuable to monitor changes in areas occupied by illegal coca plantations in South America, there is no reliable scientific method to distinguish between different types of coca plants.

      

      
        Pitch perfect: Match the message to the idea's newness
        Entrepreneurs should tweak their pitches based on how innovative their idea is, researchers have found.

      

      
        Researchers examine economic effects on technological advancements of blue hydrogen production
        Experience from the deployment of blue hydrogen projects will be helpful in lowering future costs of hydrogen production and will remain cost competitive. Additionally, paired with extended tax incentives for carbon sequestration, costs could be significantly reduced further.

      

      
        Trust, more than knowledge, critical for acceptance of fully autonomous vehicles
        While not yet on the market, fully autonomous vehicles are promoted as a way to make road travel dramatically safer, but a recent study found that knowing more about them did not improve people's perception of their risk. They needed to have more trust in them too. This study adds to the evidence from other research that knowledge alone is not enough to sway people's attitudes toward complex technology and science, such as gene editing or climate change. In this case, researchers found that trust...

      

      
        Return-to-work programs may have a hidden cost to women, according to study
        Despite offering a path back to careers, returner programmes leave women vulnerable to wage gaps and limited advancement, according to new research from the University of Surrey.

      

      
        Brain-imaging study reveals curiosity as it emerges
        You look up into the clear blue sky and see something you can't quite identify. Is it a balloon? A plane? A UFO? You're curious, right? A research team has for the first time witnessed what is happening in the human brain when feelings of curiosity like this arise. The scientists revealed brain areas that appear to assess the degree of uncertainty in visually ambiguous situations, giving rise to subjective feelings of curiosity.

      

      
        A gut microbe could hold a key to help people benefit from healthy foods
        In a study involving 50,000+ individuals from around the world, higher gut levels of Blastocystis, a single-celled organism commonly found in the digestive system, were linked to more favorable indicators of health.

      

      
        Raw milk is risky, but airborne transmission of H5N1 from cow's milk is inefficient in mammals
        While H5N1 avian influenza virus taken from infected cow's milk makes mice and ferrets sick when dripped into their noses, airborne transmission of the virus between ferrets -- a common model for human transmission -- appears to be limited. These and other new findings about the strain of H5N1 circulating among North American dairy cattle this year come from a set of laboratory experiments. Together, they suggest that exposure to raw milk infected with the currently circulating virus poses a real...

      

      
        Employees prefer human performance monitors over AI, study finds
        Organizations using AI to monitor employees' behavior and productivity can expect them to complain more, be less productive and want to quit more -- unless the technology can be framed as supporting their development, research finds.

      

      
        Researchers find common immune system mechanism between pregnancy, cancer
        Researchers found a molecular mechanism, shared in cancer and pregnancy, that suppresses the immune system. Block this mechanism, called B7-H4, and the immune system revs up to slow cancer's growth. Looking at mouse models and cell lines of breast and gynecologic cancers, the researchers identified the hormone progesterone as a key regulator of the B7-H4 immune checkpoint.

      

      
        Erasing 'bad memories' to improve long term Parkinson's disease treatment
        By prohibiting the Activin A protein from functioning, researchers were able to halt the development of dyskinesia symptoms and effectively erase the brain's 'bad memory' response to L-DOPA treatments.

      

      
        Mobile app therapy leads to significant improvement in fibromyalgia management
        Research found a self-guided smartphone-based behavioral therapy led to significant improvements for patients with fibromyalgia.

      

      
        Companies that mitigate climate change reduce their cost of capital
        A recent study explored the relationship between corporate climate change mitigation actions and the cost of capital for 2,100 Japanese listed companies from 2017 to 2021. The findings reveal that companies that maintain lower carbon intensity and disclose more climate-related information can reduce their capital costs. Conversely, mere commitments to climate change without actionable measures do not significantly impact costs.

      

      
        Why some abusive bosses get a pass from their employees
        Why do employees sometimes accept working for an abusive boss? A new study suggests that when a leader is seen as a high performer, employees are more likely to label abuse as just 'tough love.'

      

      
        Why the U.S. food system needs agroecology
        Agroecology -- a science, practice, and movement which seeks social, political, economic, and environmental sustainability in the global food system -- is gaining momentum in the U.S., according to a new article.

      

      
        How dust pollution from shrinking Great Salt Lake affects communities disproportionately
        Exposure to wind-blown dust from exposed playa of the Utah lake is worse in Hispanic neighborhoods, according to new research. Findings suggest restoring the lake could ease social inequities associated with air pollution.

      

      
        Scientists map how deadly bacteria evolved to become epidemic
        Pseudomonas aeruginosa -- an environmental bacteria that can cause devastating multidrug-resistant infections, particularly in people with underlying lung conditions -- evolved rapidly and then spread globally over the last 200 years, probably driven by changes in human behavior, a new study has found.
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Creativity starts in the cradle, new research shows | ScienceDaily
Infants less than a year old can combine simple concepts into complex ideas, showing that creativity begins in babyhood.


						
According to new research at the University of Birmingham, in the UK, and Central European University, in Austria and Hungary, babies are not only capable of creative thinking well before starting to speak, but this sort of thinking may be essential for language acquisition.

In the study, published in PNAS, the researchers set out to explore the origins of human creativity and productive thinking to try to find out how people arrive at completely new thoughts and ideas. The basic mechanism for doing this is taking familiar concepts and combining them into new structures, but little is known about how early in life these abilities can be used.

The researchers found that babies were able to very quickly learn new words that describe small quantities -- an impressive achievement -- and combine these spontaneously with familiar words to fully understand a phrase.

Lead researcher, Dr Barbara Pomiechowska, carried out the research while a postdoctoral fellow at the Central European University (CEU). She is now an assistant professor in the School of Psychology, at the University of Birmingham, in the UK.

Dr Pomiechowska said: "Human creativity has no boundaries: it has taken us to the moon and allowed us to cure deadly diseases -- but despite its importance, we don't yet know when and how this impressive ability to combine ideas and invent new things emerges. This research shows that we must go right back to the beginning of language acquisition to solve this puzzle."

In the study, the researchers worked with a cohort of 60 babies, all around the age of 12 months. They started by teaching the babies two novel words describing quantity: 'mize', to mean 'one', and 'padu', to mean 'two'.

Then the babies were asked to combine these new number words with different object names, for example to identify 'padu ducks' from among a choice of images. By teaching novel words to represent quantities, the researchers were able to test the babies' ability to combine concepts in real time, rather than simply recall combinations of words that they already knew from previous experience.

By using eye-tracking technology to monitor where the babies look, the researchers were able to show that the infants could successfully combine the two concepts to understand what they were being asked about.

Dr Agnes Kovacs, from CEU's Department of Cognitive Science and CEU's Cognitive Development Center, added: "For babies, this ability to combine different concepts is likely to help not only to interpret the complex language input, but also to learn about different aspects of the physical and social world. For adults, it's an ability that helps to move past everything that's already been thought of, opening the mind towards endless possibilities."
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Loneliness increases risk of age-related memory loss | ScienceDaily
About a third of Canadians feel lonely, and a study from the University of Waterloo shows it has a greater negative impact on memory than even social isolation, though both present a significant risk to the aging population.


						
Loneliness is a subjective emotion that people might feel even while engaging in social activities. It is often associated with depression and an increase in stress hormones that may contribute to impaired memory.

Waterloo researchers examined four combinations of social isolation and loneliness and their effect on memory in middle-aged and older adults over a six-year period. These combinations include being socially isolated and lonely, being only socially isolated, being only lonely and being neither.

"As we expected, people who were both socially isolated and lonely had the greatest decline in memory, which intensified over the six years," said Ji Won Kang, lead author on the paper and a PhD candidate in the School of Public Health Sciences at Waterloo. "But we were surprised to find that loneliness alone had the second-greatest impact on memory, even though so many studies report on the dangers of social isolation without considering loneliness."

Those who aren't lonely but are socially isolated may be stimulating their mental capacity with solo activities, such as reading, playing games and engaging in hobbies that improve memory and stimulate the brain, despite not engaging in social activities.

Kang hopes the findings of this research will highlight the need for community programs, especially for the combined group of older adults who are both socially isolated and lonely, and therefore at the highest risk of memory impairment.

"Older adults in the lonely category often have lower incomes than the other groups and may have structural barriers and health conditions preventing them from connecting to their communities," she said. "A solution could be to implement transportation or home-visit programs -- something to address the societal issues that lead to them being more isolated."

The group who is just lonely is the next priority, requiring a different approach.

"We would need to know what is causing their loneliness," Kang said. "They may be connected socially and have close relationships, but for example, maybe their marriage is falling apart and they would benefit from counselling."
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Rapid growth, persistent challenges in telemedicine adoption among US hospitals | ScienceDaily
A new study led by Michigan State University researchers shows a significant increase in telemedicine services offered by U.S. hospitals from 2017 to 2022, while also highlighting persistent barriers to its full implementation.


						
The comprehensive analysis of telemedicine adoption in U.S. hospitals during these years reveals both significant progress and ongoing challenges in the health care sector's digital transformation. The study, published in the Journal of General Internal Medicine, found that the percentage of hospitals offering at least one form of telemedicine service increased from 46% in 2017 to 72% in 2021, with a dramatic surge in patient utilization during the COVID-19 pandemic.

Led by John (Xuefeng) Jiang, Eli Broad Endowed Professor of accounting and information systems at Michigan State University, the research team analyzed data from the American Hospital Association's annual surveys and AHA IT Supplemental Survey, which provides information about electronic medical records, interoperability, health information exchange barriers, reporting, and degree of electronic transition, to explain telemedicine's growth and the obstacles hindering its full potential.

"Our findings demonstrate the rapid acceleration of telemedicine adoption, particularly in response to the COVID-19 pandemic," said Jiang. "However, we also uncovered significant disparities in implementation across different hospital types and persistent challenges in health information exchange that need to be addressed to fully realize telemedicine's benefits."

Key findings of the study include:
The study also revealed that hospitals face significant challenges in exchanging electronic health information, with 85% reporting issues due to interoperability across different vendor platforms.

Joseph Ross, professor at the Yale School of Medicine and co-author of the study, emphasized the need for broader access to telehealth services.

"The lower rates of telehealth service availability in smaller and for-profit hospitals suggests that efforts are needed to ensure these services are broadly available to patients across all hospitals, enabling patients to obtain the care they need," he said.

Ge Bai, former doctoral student in the MSU Broad College of Business and current professor of accounting and health policy at Johns Hopkins University and another co-author, highlighted the potential of telemedicine and the obstacles it faces.




"Telemedicine has the potential to improve hospital care, but our study identified important barriers that are preventing hospitals from reaching this potential," Bai said.

This research builds upon previous work by Jiang, Bai and their colleagues. A related study published in Health Affairs Scholar documented the adoption of electronic health records, or EHRs, in U.S. hospitals over the past decade, highlighting EHRs as a crucial prerequisite for offering telemedicine services. Another recent study by the team, also published in Health Affairs Scholar, revealed that some U.S. hospitals face difficulties in reporting adverse effects of COVID-19 vaccines to health care authorities, further underscoring the challenges in health information management and reporting.

"These studies collectively paint a picture of the ongoing digital transformation in U.S. health care," Jiang said. "While we've seen significant progress in areas like electronic health record adoption and telemedicine implementation, persistent challenges in data exchange and reporting highlight the need for continued improvement in our health information systems."

The researchers suggest that policymakers should focus on addressing these challenges to ensure equitable access to telemedicine services and to facilitate seamless health information exchange among health care providers.

"As we look to the future of health care, it's clear that telemedicine will play an increasingly vital role. Our study not only highlights the progress we've made but also serves as a call to action," Jiang said. "By addressing the disparities in adoption and overcoming technical barriers, we can create a more accessible, efficient and patient-centered health care system. The rapid growth we've observed shows the potential; now it's time to ensure that all patients and health care providers can fully benefit from these technological advancements."
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Greater focus needed on how existing international law can prevent the increasing militarization of outer space | ScienceDaily
There is a pressing need for countries and international organisations to understand better how existing international law can help them address serious concerns about the militarisation of outer space, a new study says.


						
Space is an increasingly militarized domain, with the potential to be a source and place of armed conflict. Nations are testing anti-satellite ('ASAT') weapons and satellites are potentially attractive targets during armed conflict.

The new study, by Dr Chris O'Meara from the University of Exeter Law School, examines how the jus ad bellum, which is a body of law that regulates when states may lawfully use force, applies to ASAT weapons and to the right of states to use them in space. The study argues that jus ad bellum regulation of ASAT technologies addresses state concerns regarding protecting satellites and other space assets and avoiding conflict in space. It says a clearer understanding of this body of law will help decision makers and military planners avoid lawful acts of self-defence being characterized as unlawful.

Dr O'Meara said: "Space is increasingly important, militarised, and congested. States and international organisations like NATO and the UN are trying to work out how legal rules apply to space and what should happen if there's conflict in that domain. This is not fantastical Star Wars territory; it is a necessary response to real concerns about future conflict in space. Countries are putting military weapons into space and this potential threat will continue into the future."

"For now, it is clear we are not going to get a new weapons control treaty to respond to the fears of wars in space, so we will have to rely on existing rules from the UN Charter and customary international law and to think about how these existing rules apply above Earth. So far, there has been relatively little focus on the jus ad bellum, but my view is that we do have this existing toolkit, a body of law which applies and which sets out standards of conduct, but we need to better understand how it works in space. A better appreciation of the law is a big part of the answer."

"In the absence of a multilateral ASAT weapons control treaty, the jus ad bellum, alongside international humanitarian law, must be regarded as an essential part of the international law framework limiting their use."

"A clearer understanding of jus ad bellum requirements could directly address pressing international concerns regarding the weaponization of space and the fear of wars between states in that domain."

The study says adherence to jus ad bellum helps to avoid conflict and the escalation of conflict in space and has the potential to limit ASAT weapon deployment. Compliance underpins international peace and security and safeguards space for peaceful purposes and ensuring its valuable resources continue to benefit all humankind.
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Young people believe that artificial intelligence is a valuable tool for healthcare | ScienceDaily
Children and young people are generally positive about artificial intelligence (AI) and think it should be used in modern healthcare, finds the first-of-its-kind survey led by UCL and Great Ormond Street Hospital (GOSH).


						
The national study asked children and young people aged six to 23 years old, across all four UK nations for their views on how they would like AI to be used to enhance their healthcare.

The team was led by Professor Susan Shelmerdine (UCL Great Ormond Street Institute of Child Health and GOSH) and Dr Lauren Lee, a Young Facilitator in the GOSH Young Persons' Advisory Group (YPAG) -- a group that works with GOSH to ensure young people's views are considered.

AI is becoming more available in modern healthcare, particularly in the field of radiology, where it can be used to analyse scans. But while the radiology community, including children's radiologists, are generally positive about AI use, little attention has been paid to how children and young adults feel about the use of AI on their own imaging data.

The results of the survey, which was co-developed with a steering committee of patients and carers from the GOSH YPAG and GOSH parents and Carer Advisory Group (PCAG) for research showed that children and young people are cautious, but generally positive about AI.

The survey results found that young people were keen for AI to be used in healthcare, particularly if it could improve their care and outcomes. However, they wanted the tools to be supervised by healthcare professionals as they feel there are elements of care such as empathy and ethical decision making, that AI cannot mimic and when faced between a human and computer they would be more willing to trust the human.

For specific questions asked about radiology, respondents felt that AI would be accurate at finding problems on bone X-rays and they didn't mind how long the results took, as long as they were as accurate as possible, and that the AI was used with a trusted doctor still in charge of their care.




The study's findings are already being incorporated into research based at GOSH, evaluating and developing AI tools to better detect and describe fractures from a large dataset of x-ray scans in children across Britain. The online survey was sent out to schools, universities and charity partners, encouraging children and young adults to respond over a one-year period.

Lead researcher, Professor Susan Shelmerdine (UCL Great Ormond Street Institute of Child Health and GOSH) and her team are hoping to develop AI tools that can create written reports direct from radiology images and allow patients to ask the AI questions about their imaging.

Professor Shelmerdine said: "The number of trained children's radiologists in the UK is relatively small, so tools like AI could help upskill our workforce to enable more equitable care for patients who don't have the option to visit specialist hospitals like GOSH.

"Nevertheless, we cannot assume that we know what children want. It was encouraging to see that when asked, children and young people were positive about the use of AI in their healthcare, but it was also important to understand what was important to them -- such as human oversight -- so that we can factor this into the development of new tools and treatments."

Study co-lead and Young Facilitator, Dr Lauren Lee of Epsom and St Helier University Hospitals NHS Trust, said: "There are a lot of discussions about how AI can help to facilitate healthcare. Until this study, no one has really asked the younger generation how we feel about it, especially as we will be growing up alongside AI developments.

"It has been great to be able to give young people a voice in this space."
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When there's money to lose, phone usage while driving drops | ScienceDaily
To make someone put their phone down while driving, show them the money -- with a catch, according to new research published in JAMA Open. When a group of auto insurance customers were tempted with a cash incentive -- and regular feedback letting the driver know how they were doing compared to other drivers trying to reduce their phone time -- handheld phone use dropped significantly, a team at the Perelman School of Medicine at the University of Pennsylvania found.


						
The researchers examined several different strategies informed by behavior science to curb distracted driving in a seven-week trial. One strategy paired weekly feedback on phone use with a cash incentive of up to $50 at the end of the study if the drivers used their phones less than others. That approach yielded a 15 percent decrease in handheld phone usage compared to drivers given no incentive or feedback. However, when drivers were told that they would receive the same amount of money paid out in weekly installments, but lose it if they engaged in handheld phone usage while driving, phone use decreased by 21 percent.

"In the United States, there are over 800,000 crashes per year due to distracted driving, with cell phone use while driving being a leading cause. This occurs despite numerous laws banning handheld phone use, suggesting additional scalable interventions are needed," said lead author M. Kit Delgado, MD, MS, faculty director of Penn Medicine's Nudge Unit and an associate professor of Emergency Medicine and Epidemiology. "We were able to use the power of humans' natural aversion to loss and regret, as well as our desire to fit in to social norms, to achieve some significant results."

Insurance companies saw a 30 percent climb in distracted driving-related crashes between 2011 and 2020, largely tied to cell phone usage. Twenty-eight states have passed bans of handheld phone usage while driving, with Pennsylvania the latest state to enact a law, , which takes effect mid-2025.

The practice of incentivizing drivers' behaviors is rising. Auto insurance companies are increasing "usage-based insurance (UBI)" where customers agree to download smartphone apps to monitor driving performance and cell phone usage. The data is then used to adjust rates for individual drivers, with safer drivers being offered discounts on future insurance policies.

For the study, Penn Medicine researchers worked with researchers at Progressive Insurance(r), which invited customers participating in their own UBI program to participate, enrolling over 2,000 participants in the study.

With deidentified data, Penn Medicine's researchers determined that a group of drivers who were told (and updated weekly) that they could lose up to $7.15 a week were the ones who used their phones least compared to the control group of drivers that had no incentives or feedback. Interestingly, doubling the incentive to $14.29 per week didn't lead to a greater reduction in phone use, though there was a significant decline. There were also notable results among drivers who received feedback and were offered the $50 incentive at the end of the test period.




Drivers offered the delayed $50 incentive at the end of the intervention but received no weekly feedback and no incremental loss for weekly performance did not achieve significant results.

The reason why feedback and loss-framed payments appeared to be so critical, Delgado believes, is innately human.

"People tend to think they are better drivers than others," he said. "Providing objective data on how they compare to others is a proven way to motivate people toward a social norm. Also, prior studies have shown that those who engage in handheld phone use tend to have 'present bias' and place stronger weight on payoffs that are closer to the present time."

When broken down into time, the top achieving intervention -- the $7.15-per-week group -- lowered their phone usage by an average of 56 seconds per hour down from a baseline of 216 seconds per hour. When taking one's eyes off the road for 5 seconds increases the risk of crash ninefold, at scale, these interventions could reduce distracted driving by millions of hours per year.

This work continues research performed by Delgado into distracted driving dating back to 2016 (which led to a 2018 paper) and continues with further nudge data analysis. Future research includes testing interventions leveraging smartphone usage data that could help high-risk drivers build lasting habits.

"This line of work is promising because insurance companies already spend billions of dollars per year offering incentives for safe driving behaviors," said Delgado. "Rigorously testing strategies these companies can use to engage customers to be safer can help reduce crashes, save lives, and save money, and, importantly, be sustained through a strong business case."
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Tackling the challenge of coca plant ID: Wild vs cultivated for cocaine | ScienceDaily

South American coca plants have been essential to Andean and Amazonian communities for at least 8,000 years. It is within these communities that they are thought to have evolved from wild to domesticated coca plants. Their leaves, packed with many active compounds, just one of these being cocaine, play a central role in social organisation and cultural identity of many communities, as well as being used for medicinal treatments, as nutritional supplements, and everyday stimulants. However, the global demand for cocaine as a recreational and criminalised drug has driven intensive cultivation of coca and contributed to deforestation and conflict in the region.

Coca plants belong to the Erythroxylum genus, which includes over 270 species, mostly native to the American tropics. Two primary species of cultivated coca are Erythroxylum coca and Erythroxylum novogranatense, grown mostly in different regions of northwestern South America, but with some geographical overlap. Because of domestication, these plants were thought to have distinctive leaf shapes -- smaller, rounder, and softer compared to wild species. Furthermore, the simple difference of rounder size in E. coca compared to E novogranatense has been used in attempts to identify species growing in plantations.

However, the study by researchers from the University of Portsmouth and Royal Botanic Gardens, Kew, with international partners including Universidad Distrital, Bogota, Colombia reveals that leaf size and shape are not reliable identifiers. Researchers examined 1,163 leaf outlines from 342 digital herbarium specimens of wild and cultivated coca. The statistical analysis showed a significant overlap between the species and varieties, making it difficult to distinguish between them.

Dr Natalia A. S. Przelomska, Lecturer in Bioinformatics at the University of Portsmouth said: "Existing methods for botanical species identification, as I was fortunate to learn first-hand from Colombian botanist Prof. Rocio Cortes-B., can be very effective in their simplicity. However, they become increasingly unreliable once one is looking at the level of varieties. This is a problem because there is a need to distinguish varieties grown exclusively for the illegal cocaine market from those that have enduring cultural significance, a whole host of traditional uses and quite likely also untapped medicinal potential. These varieties have been under Indigenous stewardship for millennia, yet we now have evidence that plantations for cocaine production are encroaching on Indigenous territories."

The researchers also showed there are distinctive traits of cultivated coca leaves: being rounder overall and narrower at the base. Although unreliable for identification, these are valuable clues regarding how these plants might have evolved in human cultivation.

The team also explored genetic relationships between coca plants, comparing their findings with existing classifications. They discovered that distinct coca varieties began evolving long before humans arrived in South America approximately 15,000 years ago.

Dr Przelomska highlights the importance of genetic techniques as a more accurate method for identifying and monitoring coca plants. "Genetic data offer a clearer picture, when complemented with looking at leaves and other plant organs that can be useful for recognising species, like parts of flowers. Importantly, our genetic work reveals a complex history of evolution of the coca plant, which explains why there are uncertainties in its classification system. Once these are clarified, it will be more feasible to develop cost-effective genetic methods for identification."

Dr Oscar Alejandro Perez-Escobar from Royal Botanic Gardens, Kew, a senior author who, along with Director of Science Alexandre Antonelli played a role in conceptualising this project says: "One of the primary objectives of our research is to propose a stable classification system and a comprehensive genetic database. This will enable us to confidently identify the different populations, varieties and species of cultivated coca and their wild relatives. Such a system is crucial for developing sustainable bioprospecting programs and the coca tree holds immense potential in this regard. But first, it is essential to separate the plant's valuable attributes from its association with the recreational drug, reshaping its perception and highlighting its positive uses."
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Pitch perfect: Match the message to the idea's newness | ScienceDaily
In a study examining styles of pitching ideas to audiences, researchers found that pitches promoting radical ideas are better received when framed in concrete and explanatory 'how' terms, while progressive ideas do better with abstract 'why' style of pitches.


						
Previous research found that professional audiences, like investors, prefer concrete pitches with how-style explanations, while lay audiences such as students and crowdfunders respond better to 'why' style pitches for abstract ideas.

Professor Simone Ferriani, Professor of Entrepreneurship at Bayes Business School (formerly Cass), City, University of London, said: "We wanted to identify the best way for entrepreneurs to pitch their ideas to get audiences' attention and investment. Could the way they pitch affect their success? What if they had great ideas but were pitching them in the wrong way? We wanted to explore which styles of pitching work best with differing types of ideas."

To test this, academics conducted two experiments using an online survey with business students evaluating pitch decks, to see when new ideas were more likely to be viewed positively. The study used entrepreneurial pitches and varied the ideas' originality and the style of abstract 'why' the idea works versus concrete 'how' the idea works. They looked at how these factors influenced people's reception of the idea and their willingness to support it.

The results indicate that the pitching strategy should match the idea's novelty to make it more appealing and likely to attract investment.

Professor Ferriani added: "Imagine a tech startup introducing a groundbreaking new virtual reality (VR) gaming platform that revolutionises the gaming experience. Our findings suggest that in their pitch to potential users, they should emphasise concrete usability details such as the advanced feedback technology, the immersive 360-degree visuals and the seamless integration with existing gaming consoles. When ideas have the potential to disrupt the status quo, this explanatory approach is key to offset the puzzlement that novel ideas can cause. Conversely, when ideas are less of a leap and more of a step forward, such as with incremental innovations, abstract language that paints the 'why' can be more effective."

Denise Falchetti, Assistant Professor of Management at George Washington University School of Business (GWSB), added: "This strategy taps into the audience's existing knowledge and expectations, connecting the new idea to familiar concepts and emphasizing its place within a broader vision or goal."

Gino Cattani, Professor of Management and Organizations at New York University Stern School, concluded: "The research advises a tailored approach: for groundbreaking innovations, detail the practicalities; for incremental improvements, focus on the overarching vision. As the language of entrepreneurship continues to evolve, this study offers a compass for navigating the intricate dance of persuasion and influence, providing a linguistic toolkit for turning novel concepts into embraced innovations."
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Researchers examine economic effects on technological advancements of blue hydrogen production | ScienceDaily
A new analysis by University of Wyoming researchers examines the impacts of current federal economic incentives on large-scale, blue hydrogen production technologies and estimates the expected outcomes in long-term expenses as those hydrogen production pathways evolve.


						
The research, titled "Technological Evolution of Large-Scale Blue Hydrogen Production Toward the U.S. Hydrogen Energy Earthshot," was led by Haibo Zhai, the Roy and Caryl Cline Distinguished Chair in Engineering and a professor in the UW College of Engineering and Physical Sciences. The study appears in the journal Nature Communications, a peer-reviewed, open access scientific journal that covers the natural sciences.

Wanying Wu, Zhai's UW Ph.D. student, was lead author.

Launched in 2021, the U.S. Department of Energy's (DOE) Energy Earthshots Initiative aims to accelerate breakthroughs of more abundant, affordable and reliable clean energy solutions within the decade by reducing the cost of clean hydrogen production and deployment. The ambitious goal of the program is to reduce production costs of hydrogen by 80 percent to $1 per kilogram of hydrogen in a decade.

The new UW study estimates the economic benefits from learning experience by deploying large-scale blue hydrogen projects; evaluates both the 45Q tax credit for carbon sequestration and 45V tax credit for clean hydrogen production; and compares the credits' economic role in promoting blue hydrogen production toward the Hydrogen Energy Earthshots Initiative.

"Currently, the cost of hydrogen is high, especially when produced from renewables," Zhai says. "However, blue hydrogen -- that is, hydrogen produced using fossil fuels and paired with carbon sequestration -- has the potential to significantly reduce the costs of production, substantially lower emissions and support new economic opportunities in line with the goals of the Energy Earthshots Initiative so long as the tax incentives and infrastructure funding remain available to technology developers. This study is an important snapshot of where we are and where we could be in the future while building out clean hydrogen systems."

The premise is that the more prevalent and advanced, or "experienced," large-scale blue hydrogen systems become, the more efficient and affordable they will become. However, that is only one piece of the puzzle, Zhai says.




"We apply experience curves to estimate the evolving costs of blue hydrogen production and to further examine the economic effect on technological evolution of the Inflation Reduction Act's tax credits for carbon sequestration and clean hydrogen," he explains. "We concluded in our models that the break-even cumulative production capacity required for gas-based blue hydrogen to reach DOE's $1/kg H2 target is highly dependent on tax credits, natural gas prices, inflation rates, carbon capture uncertainties and learning rates."

Despite these uncertainties, the study concludes that experience from the deployment of blue hydrogen projects will be helpful in lowering future costs of hydrogen production and will remain cost competitive. Additionally, paired with extended tax incentives for carbon sequestration, costs could be significantly reduced further.

Funding for the study was made possible by the Hydrogen Energy Research Center (H2ERC) in UW's School of Energy Resources (SER) and is the direct result of the "Hydrogen: Make, Move, Use or Store" initiative that supported UW faculty-led projects investigating topics across all levels of the hydrogen supply chain. Eugene Holubnyak, H2ERC director, also was a collaborative author on the study.

"I feel privileged to have contributed to this important discussion alongside Dr. Zhai and Ms. Wu," Holubnyak says. "SER has been fortunate to receive support from the state of Wyoming in order to delve into the feasibility of a new hydrogen economy and conduct important research on hydrogen production methods. This study is a wonderful example of that support having a wider impact among the scientific community and will help us to evaluate the most economically competitive pathway forward."
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Trust, more than knowledge, critical for acceptance of fully autonomous vehicles | ScienceDaily
While not yet on the market, fully autonomous vehicles are promoted as a way to make road travel dramatically safer, but a recent study found that knowing more about them did not improve people's perception of their risk. They needed to have more trust in them too.


						
This study adds to the evidence from other research that knowledge alone is not enough to sway people's attitudes toward complex technology and science, such as gene editing or climate change. In this case, Washington State University researchers found that trust in the autonomous vehicles' reliability and performance played the strongest role in improving perceptions of the technology's risk.

That may be critical to whether this technology will ever be realized, said Kathryn Robinson-Tay, lead author of the study published in the Journal of Risk Research.

"Autonomous vehicles are such consumer-oriented products. Whether they are used or not is really dependent on whether people will buy them," said Robinson-Tay, a doctoral student in WSU's Murrow College of Communication. "We found there was no significant relationship between people's knowledge and their risk perceptions of autonomous vehicles -- without the mediation of trust."

While some cars with autonomous features, like Tesla's adaptive cruise control, are on the roads now, fully driverless vehicles are not yet available. By some estimates, if they do become available, they could improve traffic safety by 90%. But that likely depends on their wide-adoption, and currently, perceptions of their safety are very low. A 2022 Pew Research poll showed 44% of Americans have a negative view of autonomous vehicles.

For this study, Robinson-Tay and her advising professor Wei Peng conducted a representative, cross-sectional survey of 323 adults in the U.S. using Census-based quotas for age, gender and race to ensure a diverse sample. The participants answered questions about their knowledge and perceptions of autonomous vehicles and their risk. While trust emerged as the most influential factor, people's desire to experience using fully autonomous vehicles also indirectly led to improved perceptions of risk.

The fact that fully autonomous vehicles are not yet available even to try out may be part of the problem, but their very autonomous nature may also hinder their acceptance, said Peng, a WSU communications researcher.




"It's basic psychology that people want to interact with the things they use. They want to control them through physical touch. With fully autonomous vehicles, you do not need to touch them, so people may feel they are very risky or unsafe," he said.

News reports about accidents with partially autonomous vehicles has also likely hurt perceptions, the researchers said.

"Accidents happen all the time on the road every day, but people tend to overestimate the risk of something that's new, or that they're less familiar with," Peng said.

Regardless, this study's findings point to the need to build trust with the public if fully autonomous vehicles are to ever take to the roads.

"Proponents should do their best to communicate the benefits, and the risks, of autonomous vehicles in an effort to increase both knowledge and trust," said Robinson-Tay. "It's really important to communicate as honestly as possible so people can have a balanced understanding of what they're exactly getting into with purchasing one."
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Return-to-work programs may have a hidden cost to women, according to study | ScienceDaily
Researchers explored experiences of professional women re-entering the workforce after taking time off for family reasons. The research focused on returner programmes -- employer-sponsored initiatives designed to ease the transition back into professional roles.


						
The study reveals a complex picture. While returner programmes offer valuable support and mitigate some of the stigma associated with career breaks, they fall short of addressing persistent discrimination.

The study found a troubling paradox:
    	Returner programmes may reduce the risk of immediate workplace stigma but don't address deeper issues.
    	Women who successfully re-enter their professions often experience occupational downgrading and limited career progression. Notably, the research suggests this is particularly true in the private sector.

Dr Cecile Guillaume, lead author of the study, Reader in Work, Employment and Organisation Studies, and the Surrey Business School Director of Internationalisation, said:

"While returner programmes are a positive step in supporting women re-entering the workforce, our research suggests they have limitations. We found that these programmes can address some of the initial hurdles, but they don't dismantle the systemic inequalities that lead to occupational downgrading and hinder career progression for women. A multi-pronged approach that tackles both individual challenges and broader societal barriers is necessary to create a truly equitable workplace for all."

The research highlights the programmes' role in helping women overcome the stigma often attached to career gaps. Through supportive elements like coaching and mentoring, as well as access to professional networks, these programmes can empower women to re-enter their fields.

However, the study goes beyond simply identifying barriers; it also highlights the 'hidden costs' of returner programmes. Many participants reported significant financial investments to participate, such as interview training and professional certifications. Additionally, the research suggests that even with successful re-entry, women may face long-term career consequences.




The study emphasises the limitations of individual and organisational coping mechanisms. While these strategies may help women navigate daily workplace interactions, they don't dismantle systemic inequalities.

Dr Cecile Guillaume continued:

"There is a need for broader societal shifts to address structural and cultural barriers that continue to disadvantage women returning to work. Only then can we create a truly inclusive and equitable workplace for women at all stages of their careers."

This study has been published in the journal of the British Sociological Association.
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Brain-imaging study reveals curiosity as it emerges | ScienceDaily
You look up into the clear blue sky and see something you can't quite identify. Is it a balloon? A plane? A UFO? You're curious, right?


						
A research team based at Columbia's Zuckerman Institute has for the first time witnessed what is happening in the human brain when feelings of curiosity like this arise. In a study published in the Journal of Neuroscience, the scientists revealed brain areas that appear to assess the degree of uncertainty in visually ambiguous situations, giving rise to subjective feelings of curiosity.

"Curiosity has deep biological origins," said corresponding author Jacqueline Gottlieb, PhD, a principal investigator at the Zuckerman Institute. The primary evolutionary benefit of curiosity, she added, is to encourage living things to explore their world in ways that help them survive.

"What distinguishes human curiosity is that it drives us to explore much more broadly than other animals, and often just because we want to find things out, not because we are seeking a material reward or survival benefit," said Dr. Gottlieb, who is also a professor of neuroscience at Columbia's Vagelos College of Physicians and Surgeons. "This leads to a lot of our creativity."

Joining Dr. Gottlieb on the research were Michael Cohanpour, PhD, a former graduate student at Columbia (now a data scientist with dsm-firmenich), and Mariam Aly, PhD, also previously at Columbia and now an acting associate professor of psychology at the University of California, Berkeley.

In the study, researchers employed a noninvasive, widely used technology to measure changes in the blood-oxygen levels in the brains of 32 volunteers. Called functional magnetic resonance imaging, or fMRI, the technology enabled the scientists to record how much oxygen different parts of the subjects' brains consumed as they viewed images. The more oxygen a brain region consumes, the more active it is.

To unveil those brain areas involved in curiosity, the research team presented participants with special images known as texforms. These are images of objects, such as a walrus, frog, tank or hat, that have been distorted to various degrees to make them more or less difficult to recognize.




The researchers asked participants to rate their confidence and curiosity about each texform, and found that the two ratings were inversely related. The more confident subjects were that they knew what the texform depicts, the less curious they were about it. Conversely, the less confident subjects were that they could guess what the texform was, the more curious they were about it.

Three pairs of texforms showing unrecognizable and clear versions of objects. (Credit: Gottlieb Lab/Columbia's Zuckerman Institute)

Using fMRI, the researchers then viewed what was happening in the brain as the subjects were presented with texforms. The brain-scan data showed high activity in the occipitotemporal cortex (OTC), a region located just above your ears, which has long been known to be involved in vision and in recognizing categories of objects. Based on previous studies, the researchers expected that when they presented participants with clear images, this brain region would show distinct activity patterns for animate and inanimate objects. "You can think of each pattern as a 'barcode' identifying the texform category," Dr. Gottlied said.

The researchers used these patterns to develop a measure, which they dubbed "OTC uncertainty," of how uncertain this cortical area was about the category of a distorted texform. They showed that, when subjects were less curious about a texform, their OTC activity corresponded to only one barcode, as if it clearly identified whether the image belonged to the animate or the inanimate category. In contrast, when subjects were more curious, their OTC had characteristics of both barcodes, as if it could not clearly identify the image category.

Also active during the texform presentations were two regions in the front of the brain. One is the anterior cingulate cortex, which previous studies implicated in information gathering. The other is the ventromedial prefrontal cortex (vmPFC), which is involved in monitoring a person's subjective perceptions of value and confidence about different situations. In the new study, both areas were more active when subjects reported being more confident in knowing a texform's identity (and thus, less curious to see the clarified image).

This is really the first time we can link the subjective feeling of curiosity about information to the way your brain represents that information.




Importantly, said Dr. Gottlieb, vmPFC activity seemed to provide a neurological bridge between the subjective feeling of curiosity and the OTC certainty measure. It's as though this region read out the uncertainty encoded by the distributed activity pattern in the OTC and helped a person decide if they needed to be curious about the texform.

"This is really the first time we can link the subjective feeling of curiosity about information to the way your brain represents that information," Dr. Gottlieb said.

The study has two important implications, Dr. Gottlieb said. First, although the study focused on perceptual curiosity elicited by visual stimuli, people experience other forms of curiosity, such as curiosity about trivia questions and factual matters (i.e. how tall is the Eiffel tower?) or social curiosity (which restaurant did my friends go to last night?). One intriguing possibility of the study, she noted, is that the mechanism it has uncovered may generalize to other forms of curiosity. For example, an fMRI study investigating sounds of varying recognizability may show that auditory areas in the brain convey the uncertainty regarding the sound and the vmPFC reads out this uncertainty to determine curiosity.

A second possibility on Dr. Gottlieb's mind is that the findings could have diagnostic and even therapeutic implications for those with depression, apathy or anhedonia (the inability to feel pleasure), which are conditions often marked by a lack of curiosity.

"Curiosity entails a sort of enthusiasm, a willingness to expend energy and investigate your surroundings. And it's intrinsically motivated, meaning that nobody is paying you to be curious; you are curious merely based on the hope that something good will come when you learn," Dr. Gottlieb said. "Those are just some of the amazing things about curiosity."
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A gut microbe could hold a key to help people benefit from healthy foods | ScienceDaily
In an analysis of more than 50,000 individuals from around the world, carriers of gut Blastocystis, a single-celled organism that has been labeled either a parasite or harmless organism but is commonly found in the digestive system, was linked to indicators of good cardiovascular health and decreased body fat. The research is published in Cell by an international team led by investigators at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system.


						
"Blastocystis' effects on health and disease are controversial and likely context-dependent, but our research suggests that it may play a beneficial role in how diet impacts human health and disease," said co-lead author Long H. Nguyen, MD, MS, a physician investigator in the Clinical and Translational Epidemiology Unit and Division of Gastroenterology at MGH, and an assistant professor of Medicine at Harvard Medical School. "At the very least, its ubiquity may suggest a non-pathogenic role."

Nguyen, who is also a Chen Institute Department of Medicine Transformative Scholar at MGH, and colleagues sought to establish the relationship between gut Blastocystis, nutrition, and subsequent cardiometabolic health outcomes, including overweight/obesity, type 2 diabetes, and cardiovascular disease. To do so, they performed a large-scale study integrating and harmonizing data on nearly 57,000 individuals from 32 countries in North and South America, Europe, Asia, and Africa, focusing on Blastocystis and investigating whether its presence alters the effects of different dietary foods on individuals' cardiometabolic health.

"We found that Blastocysis' presence and abundance varied by region and were influenced by diet," said Nguyen.

Blastocystis was associated with the intake of certain food items and overall dietary patterns favoring more healthful plant-based and minimally processed foods. Additionally, Blastocystis was hardly ever found in newborns, suggesting that it is likely acquired later in life and was even found in stool from 595 AD, suggesting it is not strictly a marker of a more modern microbiome configuration.

Notably, higher Blastocystis levels were linked to better short-term markers of cardiometabolic health. For example, the team observed more favorable blood sugar and lipid profiles in individuals with higher Blastocystis levels, suggesting a potential positive impact on cardiometabolic health beyond the effect of a healthy diet alone. Also, lower levels of Blastocystis were linked with long-term outcomes such as obesity.

Also, in adults who participated in a six-month personalized diet intervention study, improvements in diet quality were linked with subsequent increases in Blastocystis prevalence and abundance.

"Overall, our findings suggest a potentially beneficial modulating role for Blastocystis, which may help explain individualized responses to diet and differences in digestive health depending on the presence and level of Blastocystis," said Nguyen. "Also, our results indicate that Blastocystis may not be a parasite with detrimental host effects but, rather, a favorable constituent of the human gut microbiome."
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Raw milk is risky, but airborne transmission of H5N1 from cow's milk is inefficient in mammals | ScienceDaily
While H5N1 avian influenza virus taken from infected cow's milk makes mice and ferrets sick when dripped into their noses, airborne transmission of the virus between ferrets -- a common model for human transmission -- appears to be limited.


						
These and other new findings about the strain of H5N1 circulating among North American dairy cattle this year come from a set of laboratory experiments led by University of Wisconsin-Madison researchers, reported in the journal Nature. Together, they suggest that exposure to raw milk infected with the currently circulating virus poses a real risk of infecting humans, but that the virus may not spread very far or quickly to others.

"This relatively low risk is good news, since it means the virus is unlikely to easily infect others who aren't exposed to raw infected milk," says Yoshihiro Kawaoka, a UW-Madison professor of pathobiological sciences who led the study alongside Keith Poulsen, director of the Wisconsin Veterinary Diagnostic Laboratory, and with collaborators at Texas A&M University, Japan's University of Shizuoka and elsewhere.

Kawaoka cautioned, however, that the findings represent the behavior of the virus in mice and ferrets and may not account for the infection and evolution process in humans.

In their experiments, the UW-Madison team found that mice can become ill with influenza after drinking even relatively small quantities of raw milk taken from an infected cow in New Mexico.

Kawaoka and his colleagues also tested the bovine H5N1 virus's ability to spread through the air by placing ferrets infected with the virus near but out of physical contact with uninfected ferrets. Ferrets are a common model for understanding how influenza viruses might spread among humans because the small mammals exhibit respiratory symptoms similar to humans who are sick with the flu, including congestion, sneezing and fever. Efficient airborne transmission would signal a serious escalation in the virus's potential to spark a human pandemic.

None of the four exposed ferrets became ill, and no virus was recovered from them throughout the course of the study. However upon further testing, the researchers found that one exposed ferret had produced antibodies to the H5N1 virus.




"That suggests that the exposed ferret was infected, indicating some level of airborne transmissibility but not a substantial level," Kawaoka says.

Separately, the team mixed the bovine H5N1 virus with receptors -- molecules the virus binds to in order to enter cells -- that are typically recognized by avian or human influenza viruses. They found that bovine H5N1 bound to both types of molecules, representing one more line of evidence of its adaptability to human hosts.

While that adaptability has so far resulted in a limited number of human H5N1 cases, previous influenza viruses that caused human pandemics in 1957 and 1968 did so after developing the ability to bind to receptors bound by human influenza viruses.

Finally, the UW-Madison team found that the virus spread to the mammary glands and muscles of mice infected with H5N1 virus and that the virus spread from mothers to their pups, likely via infected milk. These findings underscore the potential risks of consuming unpasteurized milk and possibly undercooked beef derived from infected cattle if the virus spreads widely among beef cattle, according to Kawaoka.

"The H5N1 virus currently circulating in cattle has limited capacity to transmit in mammals," he says. "But we need to monitor and contain this virus to prevent its evolution to one that transmits well in humans."
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Employees prefer human performance monitors over AI, study finds | ScienceDaily
Organizations using AI to monitor employees' behavior and productivity can expect them to complain more, be less productive and want to quit more -- unless the technology can be framed as supporting their development, Cornell University research finds.


						
Surveillance tools cause people to feel a greater loss of autonomy than oversight by humans, according to the research. Businesses and other organizations using the fast-changing technologies to evaluate employee behaviors should consider their unintended consequences, which may prompt resistance and hurt performance, the researchers say. They also suggest an opportunity to win buy-in, if the subjects of surveillance feel the tools are there to assist rather than judge their performance -- assessments they fear will lack context and accuracy.

"When artificial intelligence and other advanced technologies are implemented for developmental purposes, people like that they can learn from it and improve their performance," said Emily Zitek, associate professor of organizational behavior. "The problem occurs when they feel like an evaluation is happening automatically, straight from the data, and they're not able to contextualize it in any way."

Zitek is the co-author of "Algorithmic Versus Human Surveillance Leads to Lower Perceptions of Autonomy and Increased Resistance." Rachel Schlund is first author.

The researchers conducted four experiments involving nearly 1,200 total participants. In a first study, when asked to recall and write about times when they were monitored and evaluated by either surveillance type, participants reported feeling less autonomy under AI and were more likely to engage in "resistance behaviors."

A pair of studies asked participants to work as a group to brainstorm ideas for a theme park, then to individually generate ideas about one segment of the park. They were told their work would be monitored by a research assistant or AI -- the latter represented in Zoom videoconferences as "AI Technology Feed." After several minutes, either the human assistant or "AI" relayed messages that the participants weren't coming up with enough ideas and should try harder. In surveys following one study, more than 30% of participants criticized the AI surveillance compared to about 7% who were critical of the human monitoring.

Beyond complaints and criticism, the researchers found that those who thought they were being monitored by AI generated fewer ideas -- indicating worse performance.

"Even though the participants got the same message in both cases that they needed to generate more ideas, they perceived it differently when it came from AI rather than the research assistant," Zitek said. "The AI surveillance caused them to perform worse in multiple studies."

In a fourth study, participants imagining they worked in a call center were told that humans or AI would analyze a sample of their calls. For some, the analysis would be used to evaluate their performance; for others, to provide developmental feedback. In the developmental scenario, participants no longer perceived algorithmic surveillance as infringing more on their autonomy and did not report a greater intention to quit.

"Organizations trying to implement this kind of surveillance need to recognize the pros and cons," Zitek said. "They should do what they can to make it either more developmental or ensure that people can add contextualization. If people feel like they don't have autonomy, they're not going to be happy."
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Researchers find common immune system mechanism between pregnancy, cancer | ScienceDaily
To understand why some cancers successfully circumvent the immune system to grow unchecked, researchers turned to pregnancy.


						
"In pregnancy, the immune system does not reject the growing fetus, so we know there must be mechanisms active in the placenta. In cancer, it's the same thing: the growing tumor is not rejected by the immune system. It means the cancer cells have developed strategies to suppress immune rejection, same as in pregnancy," said Weiping Zou, M.D., Ph.D.

It's a good thing in pregnancy -- it allows the baby to grow. But in cancer, it means the tumor grows unchecked and treatments meant to stimulate an immune response are not effective.

To understand this overlap, Zou collaborated with other researchers from the University of Michigan Rogel Cancer Center -- bringing together unique expertise in immunology, cancer genetics, gynecologic pathology and medicinal chemistry.

They found that indeed there is a molecular mechanism shared in cancer and pregnancy that suppresses the immune system. Block this mechanism, called B7-H4, and the immune system revs up to slow cancer's growth. Looking at mouse models and cell lines of breast and gynecologic cancers, the researchers identified the hormone progesterone as a key regulator of the B7-H4 immune checkpoint.

The paper is published in Cell.

B7-H4 expression has previously been associated with shorter survival in cancer patients. The Rogel researchers discovered that B7-H4 plays an active role in moderating the immune system in both the placenta and the tumor microenvironment.

Further, while the male hormone androgen has previously been linked to immune suppression in prostate cancer, this is the first time the female sex hormone progesterone has been shown to impact immune response in cancer.

Researchers used an inhibitor to block progesterone signaling in mice with breast cancer and in human breast cancer tissue samples, which did slow the cancer's growth in mice and activated the immune response. The effect was clear but not dramatic, however.

"B7-H4 is an important checkpoint, but it's complicated," Zou said. "Progesterone regulation is one mechanism, but we need more studies to understand whether other mechanisms are also involved in regulating B7-H4. We do not have a direct way to block this signaling pathway. The receptors remains unknown. There's something in the basic immunobiology that we still don't understand."
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Erasing 'bad memories' to improve long term Parkinson's disease treatment | ScienceDaily
Common treatments for Parkinson's disease can address short-term symptoms but can also cause extensive problems for patients in the long run. Namely, treatments can cause dyskinesia, a form of uncontrollable movements and postures.


						
In a recent study published in The Journal of Neuroscience, researchers at the University of Alabama at Birmingham took a different approach to dyskinesia and treated it like a "bad motor memory." They found that blocking a protein called Activin A could halt dyskinesia symptoms and effectively erase the brain's "bad memory" response to certain Parkinson's treatments.

"Instead of looking for a completely alternative treatment, we wanted to see if there was a way to prevent dyskinesia from developing in the first place," said David Figge, M.D., Ph.D., lead study author and assistant professor in the UAB Department of Pathology. "If dyskinesia does not occur, then patients could potentially stay on their Parkinson's treatment for longer."

Parkinson's disease is a neurodegenerative disorder caused by the death of neurons that make dopamine. To counteract this loss, clinicians currently use L-DOPA, a drug that is a precursor to dopamine.

Short term, L-DOPA is helpful; but long term, it leads to L-DOPA-induced dyskinesia in some patients, which causes involuntary, erratic movements such as twitching, fidgeting, head-bobbing or body swaying. Even if a patient stops taking L-DOPA for a certain period, dyskinesia has proved to come back quickly -- as soon as these patients restart treatment.

"It seemed like the brain was forming a motor memory, and each time a patient received L-DOPA treatment, this memory then recalled upon every subsequent L-DOPA exposure," said Karen Jaunarajs, Ph.D., assistant professor in the UAB Department of Neurology.

Due to the overlaps between motor and behavioral memory, the team decided to approach dyskinesia like a bad memory. If they could find a way to cause the brain to forget its previous treatment history, they could potentially prolong the usefulness of L-DOPA for Parkinson's treatment.




Researchers first studied the striatum, the brain region significant to motor control, to figure out which cells were storing the "bad motor memory." The most significant changes observed were in neurons called D1-MSNs, which acted in a similar way to neurons in the hippocampus when it is forming a memory.

"We found that some of these D1-MSNs were expressing genes indicating that they were being activated by L-DOPA and genes that were necessary for creating new connections with other cells," Figge said. "This was very similar to what happens when you learn something new and recall that memory."

Researchers found that one gene in these L-DOPA-activated D1-MSN neurons is translated into a protein called Activin A. By blocking the function of Activin A, researchers were able to block the development of L-DOPA-induced dyskinesia in mouse models.

"In essence, by prohibiting the protein from functioning, we were able to halt the development of dyskinesia symptoms in the mouse models, effectively erasing the brain's memory of the motor response to L-DOPA," Jaunarajs said.

Ultimately, the hope is that these findings will lead to an understanding of how to block these bad motor memories altogether -- eradicating dyskinesia-related symptoms in Parkinson's patients.
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Mobile app therapy leads to significant improvement in fibromyalgia management | ScienceDaily
New research led by the University of Cincinnati and Swing Therapeutics found that a self-guided smartphone-based behavioral therapy led to significant improvements for patients with fibromyalgia.


						
The multicenter, randomized controlled trial tested Stanza, a smartphone app that delivers acceptance and commitment therapy (ACT), a type of cognitive behavioral therapy recommended by international clinical guidelines for fibromyalgia management, with the results of the study published July 8 in The Lancet.

Fibromyalgia is a chronic pain condition that affects an estimated 10 million Americans, a majority of whom are women. The condition is characterized by widespread pain and other physical and cognitive symptoms that include fatigue, disrupted sleep, reduced physical function, memory problems and difficulty concentrating ("brain fog"). It is often accompanied by anxiety and depression.

The Phase 3 PROSPER-FM trial clinically validated Stanza's benefits, including improvements in well-being, fibromyalgia severity and major fibromyalgia symptoms, including pain intensity, pain interference, fatigue, sleep disturbance, depression and physical function. This study is the largest medical device study for fibromyalgia ever undertaken.

"For the millions of people with fibromyalgia, the publication of this data in The Lancet and the clear results represent an answer to the urgent need for effective therapies to help manage their symptoms," said Lesley Arnold, MD, study principal investigator and professor emerita at the University of Cincinnati College of Medicine. "Few large-scale studies over the last two decades have shown clinical benefit of novel treatments for this underrecognized and underserved condition."

In the 12-week trial, 275 participants were randomized to receive either Stanza treatment or a digital symptom tracker control. At week 12, 70.6% of participants in the Stanza arm reported an improvement on Patient Global Impression in Change, which measures patient well-being.

Stanza also exhibited statistically greater improvement compared to the control on fibromyalgia-related symptoms, function and impact, as well as pain intensity, pain interference, fatigue, sleep disturbance and depression, with no treatment-related adverse events observed.

"Fibromyalgia options are typically limited to a handful of pharmacological interventions that have limited efficacy and that can come with difficult-to-manage side effects," said Mike Rosenbluth, CEO of Swing. "This publication validates Stanza as a guideline-directed non-drug approach that many patients previously couldn't access due to few available trained clinicians, geographic limitations and cost.
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Companies that mitigate climate change reduce their cost of capital | ScienceDaily
The climate crisis is hitting home with more frequent extreme weather events. Companies, particularly those in high-emission industries, are major contributors to global carbon emissions, therefore making them key players in the fight against climate change. Recognizing this responsibility, many businesses are now taking proactive measures to reduce their carbon footprint, by reducing carbon emissions and transparently sharing their environmental strategies and data.


						
The Task Force on Climate-Related Financial Disclosures (TCFD) offers companies a framework to share climate-related financial information, allowing them to better navigate the risks and opportunities of climate change. In recent years, support for TCFD has surged, and Japan stands out as a leading proponent of such disclosures. However, how TCFD disclosures improve a company's financial performance and provide tangible benefits remains underexplored.

To address this gap, a research team from Kyushu University analyzed data from approximately 2,100 Japanese listed companies over five years, from 2017 to 2021. This study, one of the first to use holistic TCFD and corporate data in Japan, was published in Corporate Social Responsibility and Environmental Management on May 20, 2024.

The research focused on the impact of corporate climate change actions, including carbon performance, climate-related disclosures, and corporate commitments. Researchers analyzed how these actions affect the cost of capital, which refers to the costs incurred by a company to finance its operations. The results show that companies with higher carbon emissions face higher costs for borrowing and raising money. However, those that follow TCFD guidelines and openly share climate-related information benefit from lower capital costs. Additionally, simply making promises about climate action does not significantly impact financial costs. Stakeholders are more concerned with what companies actually do rather than what they say.

One key finding is that high greenhouse gas (GHG) emissions increase climate change risks, both physical risks, such as extreme weather events, and transition risks, like regulatory changes. These increased risks create uncertainties that drive investors and lenders to demand higher returns, resulting in higher costs of equity (CoE) and debt (CoD). CoE is the return that investors expect for buying a company's stock, while CoD is the fees a company pays to borrow money from lenders such as banks.

To reduce these uncertainties and avoid unexpected losses, investors seek to make more informed decisions by understanding and assessing a company's climate change risks. Transparency in climate change-related data thus becomes crucial. As Siyu Shen, a graduate student at Kyushu University's Graduate School of Economics and the paper's second author, explains, "When companies share climate-related data, it gives investors and consumers a clearer picture of their environmental efforts, making them more likely to invest. We found that this kind of openness is particularly important in energy sectors like electricity and oil, where climate change is a major issue."

Notably, while the study found that following TCFD guidelines effectively reduced the cost of equity, it did not have a significant impact on the cost of debt. This might be attributed to Japan's negative interest rate policy during the study period, where the Bank of Japan kept borrowing costs low by injecting large amounts of funds into the market. With the end of this policy in March 2024, interest rates in the Japanese bond market are expected to rise. In this context, sustainable linked loans, which provide loans for decarbonising energy transition at low interest rates, are becoming increasingly popular. In 2024 and beyond, corporate climate change mitigation actions in Japan could have the potential to lower the cost of dept.

Although this study focuses on Japan, it provides valuable insights for investors, companies, and policymakers worldwide by highlighting the connection between climate disclosures and capital costs. From 2022, companies listed in Japan's prime markets have been mandated to follow TCFD guidelines. While more companies are engaging in climate mitigation, it's time for them to consider additional strategies to differentiate their carbon performance.

A series of environmental economic studies, including this one, have spurred research collaborators Professor Shunsuke Managi and Associate Professor Alexander Ryota Keeley from Kyushu University's Faculty of Engineering to establish aiESG, a start-up that utilizes AI-based system to analyze the sustainability of global supply chains. Looking ahead, the research team plans to expand their analysis globally to see how regulations and cultural differences impact the relationship between climate change, carbon performance, and capital costs in various regions. They aspire to become one of the leading teams in climate impact research.

Collaboration among investors, companies, academics, and policymakers is indispensable for tackling the global climate crisis and achieving carbon neutrality. "We hope our research provides the scientific evidence needed to support companies in developing new strategies, changing behaviors, and ultimately reducing emissions," notes Hidemichi Fujii, Professor at Kyushu University's Faculty of Economics and the corresponding author of the study.
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Why some abusive bosses get a pass from their employees | ScienceDaily

A new study suggests that when a leader is seen as a high performer, employees are more likely to label abuse as just "tough love."

Results showed that workers were less likely to show hostility to abusive bosses when the leader's performance was high, and employees were even likely to think their career could be boosted by a successful -- if abusive -- boss.

The findings suggest that employees may be reluctant to call a successful boss abusive -- even if the behavior warrants it, said Robert Lount, lead author of the study and professor of management and human resources at The Ohio State University's Fisher College of Business.

"If employees see their boss as a successful leader, that seems to be incompatible with being abusive," Lount said. "So they label the abuse as something more positive, like 'tough love.'"

The study was published recently in the journal Organizational Behavior and Human Decision Processes.

The researchers conducted two studies. One involved a three-wave study of 576 workers in a variety of industries across the United States. Participants completed online surveys three times, each two weeks apart. They were asked about abusive behaviors by their boss, and how they would rate their leader's overall effectiveness.




For those participants who reported abuse, other questions aimed to find if employees would label their boss as an abuser, or if they thought he or she was more of a "tough love" type of leader. In the survey, tough love bosses were described as "stern but caring," "insensitive but nurturing" and "rough but well-meaning."

The results showed that when employees rated their bosses as higher on use of abusive behavior -- like using ridicule and saying an employee's thoughts and feelings were stupid -- the label they put on their supervisor depended somewhat on performance.

When they rated the boss as a high performer, workers were more likely to label their abusive boss as a "tough love" kind of supervisor. But when the boss's performance was seen as lower, employees were more likely to give them the abuser label.

Why might abusive bosses be seen differently if they are successful?

Study co-author Bennett Tepper, also a professor of management and human resources at Ohio State, said employees may be looking for a silver lining of sorts.

"These bosses may treat employees harshly, but presumably their intent is to help their followers realize their potential -- that's the 'tough love' part," Tepper said.




"And if the leaders have high performance, that suggests they are successful at bringing out the skills of their followers."

Employees of abusive but successful bosses may not have liked the abuse -- but they reported that they expected something good to come out of their bad situation. Findings showed these workers were more likely than others to think they would be promoted within their organization -- presumably because of their experience working for a successful boss.

In addition, employees were less likely to lash out at abusive bosses who were high performers, by disobeying them or giving them the silent treatment.

A second study examined how the dynamic of working for an abusive and successful leader plays out in real time in a lab experiment.

In this case, 168 undergraduate students participated in a study in which they were told they were working in teams online led by an MBA student. Teams would compete against each other to solve a campus problem. (In actuality, there were no teams or leaders.)

Participants in the study read a message on their computer screen that was supposedly from their team leader, but was actually from the researchers. The researchers sent participants one of two messages -- either abusive or not.

The abusive message supposedly from the MBA leader told the undergrads, "Don't waste my time coming up with stupid ideas! Do better than a typical undergrad and don't embarrass us!" The non-abusive message simply encouraged participants to "try hard."

Participants developed ideas which were then supposedly assessed by their team leader and sent on to experts for evaluation. Later, all participants received one of two messages: one said that their team performed well above average compared to the other teams, according to the experts. The other said their team performed well below average.

Participants were then asked to evaluate their leader. And sure enough, participants who received the abusive message tended to give their leader a lower score on being abusive when their team was above average than when it was below average.

"We found that in a very short amount of time, you could quickly abate abusive labeling of a boss with high performance," Lount said.

"Just finding out your team did better because of your leader's judgment really dampened the willingness to label that person as abusive -- even though your leader made the exact same statements as the other leaders who were called abusive after a below-average performance."

Lount and Tepper emphasized that their study isn't saying that abusive behavior can make some leaders successful. There is overwhelming evidence from years of research that abusive leadership is not good for employees or organizations, they said.

In fact, other research suggests that successful bosses known for their "tough love" approach might be even more successful if they used more accepted management techniques.

Instead, this study is about how employees respond to abusive supervision, according to the researchers.

"I think our data really speak to how followers react to leaders who are both abusive and successful. They're hesitant to call them abusive. Employees think they can't be abusive because they are successful," Lount said.

The findings may also suggest why, even today, some abusive bosses can have long careers, Tepper said.

"The bosses who get away with abusive behavior may be those who somehow find a way to get high performance despite their behavior," Tepper said.

"Their high performance insulates them from the consequences because even their employees say he's just a 'tough love' kind of boss."

Woohee Choi, who received her PhD from Ohio State and who is now an assistant professor at Providence College, was also a co-author of the study.
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Why the U.S. food system needs agroecology | ScienceDaily
Agroecology -- a science, practice, and movement which seeks social, political, economic, and environmental sustainability in the global food system -- is gaining momentum in the U.S., according to a new Dartmouth-led commentary in Nature Food. As the co-authors report, the approach requires coordination between scientists, farmers, and activists.


						
"When it comes to sustainable food and agriculture, people in the U.S. tend to be more familiar with organic farming, the production of food without synthetic inputs, and regenerative agriculture, which primarily strives to restore soil health," says lead author Theresa Ong, an assistant professor of environmental studies at Dartmouth.

"Agroecology is different, as it strives to achieve both ecological and social sustainability of food systems without sacrificing one for the other. We cannot save biodiversity and ecosystem integrity without also preserving farmer livelihoods and ensuring that the food systems we create provide food that is culturally relevant to local communities, and not simply meeting a calorie quota," says Ong.

Supporters of agroecology say the U.S. food system is dominated by industrial agriculture, which is characterized by monoculture production, reliance on agrochemicals like pesticides and fertilizers, and advanced technology and machinery that depend heavily on fossil fuels.

Prior research has found that challenges facing global food systems -- which include food insecurity, public health crises, biodiversity loss, and climate change -- are perpetuated in part by the U.S. food system and the political influence of its big players.

For decades, many in the U.S. and beyond have called for transforming the industrial food system. The United Nations has promoted agroecology as the mechanism to achieve that transformation.

Despite its growing international reputation, agroecology was slow to gain recognition beyond academic circles in the U.S.




But staff from the U.S. Department of Agriculture asked agroecologists to convene a U.S. Agroecology Summit in 2023, which brought together 100 stakeholders in the food system to discuss promoting research of this kind in the country.

Participants discussed the need for equitable representation and support for all food system stakeholders including agricultural practitioners, food systems changemakers, and scientists, and increased access to funding and ethical approaches to research.

"'Food sovereignty' -- the right to define, produce, and access healthy food that is culturally appropriate and preserves the ways of life of farmers, is a critical goal in agroecology and was first defined by La Via Campesina, an international peasant movement, in 1996," says Ong, who was a participant at the summit.

The Agroecology Summit builds on momentum that has been growing over the last 15 years, with the establishment of the nonprofit U.S. Food Sovereignty Alliance in 2010 and enactment of food sovereignty laws in eight states (Maine, Vermont, Massachusetts, Georgia, North Carolina, Utah, Wyoming, and Montana). In addition, agroecology institutes were created at Florida A&M University in 2022 and University of Vermont in 2023.

Much work still needs to be done to ensure that all voices are represented and have decision-making power in this space, who may share many of the same values and goals like large and small farmers, family farmers, migrant farmers, Black and Indigenous farmers, and farm workers, according to the co-authors.

"Agroecology is about building coalitions to ensure equitable representation and coordination between farmers, activists, and academics," says Ong.

Antonio Roman-Alcala at California State University, East Bay; Esteli Jimenez-Soto at University of South Florida; Erin Jackson at Colorado State University; Ivette Perfecto at University of Michigan; and Hannah Duff at Montana State University; also contributed to the commentary.
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How dust pollution from shrinking Great Salt Lake affects communities disproportionately | ScienceDaily
New research from the University of Utah demonstrates how wind-carried dust from the exposed bed of Great Salt Lake is disproportionately affecting disadvantaged communities in the Salt Lake metro area.


						
The findings suggest restoring the lake to a healthy water level would reduce disparities in harmful dust exposure experienced by different racial/ethnic and socioeconomic groups, along with delivering other ecological and economic benefits.

Exposure to particulate pollution arising from dry portions of the playa is highest among Pacific Islanders and Hispanics and lowest among white people compared to other racial/ethnic groups, according to the findings reported June 21 in the journal One Earth. It was also higher for individuals without a high school diploma. 

This is likely because Salt Lake City's lower-income neighborhoods are more likely to lie in the path of windblown dust from Great Salt Lake, which has shrunk to less than half its historical size, leaving about 800 square miles of lakebed exposed.

More than two decades of drought and unrelenting upstream diversions have contributed to the decline of the saline terminal lake located immediately west and north of Utah's main population corridor along the Wasatch Front.

"People here in Utah are concerned about the lake for a variety of reasons -- the ski industry, the brine shrimp, the migratory birds, recreation -- and this study adds environmental justice and the equity implications of the drying lake to the conversation," said lead author Sara Grineski, a professor of sociology and environmental studies.

Grineski led an interdisciplinary team of U faculty, largely associated with the Wilkes Center for Climate Science and Policy, from both the College of Social and Behavioral Science (CSBS) and the College of Science. Co-authors are Timothy Collins and Malcolm Araos (geography); John Lin, Derek Mallia and Kevin Perry (atmospheric sciences); and William Anderegg (biology).




The study analyzed data from the Utah Department of Environmental Quality's air-quality monitoring network, which screens for fine particulate matter, or PM2.5. Comprised of ultra tiny particles that can penetrate lung tissue, this pollution is linked to myriad health problems, including cardiovascular disease and asthma.

During dust storms, current levels expose residents to 26 micrograms per cubic meter, or mg/m3, of PM2.5 on average, according to the study, significantly higher than the World Health Organization's threshold of 15 mg/m3. Were the lake to dry up completely, exposure could rise to 32 mg/m3, while restoring the lake could reduce exposure to 24 mg/m3 during these wind events, according to the study.

The study examined four such events in 2022 on April 19, 20 and 21 and May 7, when spikes of recorded PM2.5 coincided with high winds.

For the study, which was funded by the National Science Foundation, researcher Derek Mallia developed a model for predicting exposure levels for the three counties abutting the lake's east and south shores -- Salt Lake, Davis and Weber, home to 1.8 million residents -- under four different lake level scenarios. It uses a weather model that simulates wind direction and speed, and includes a wind-blown dust model, which measures how much dust is emitted from an erodible surface, such as the Great Salt Lake playa, and is primarily based on the wind speed and soil texture and characteristics.

"We have to use weather models, since we cannot physically go out to the lake and remove/add water to see how much more/less dust it would emit," Mallia said. "Models like the one that I developed let us run these hypothetical scenarios."

The study's scenarios range from a totally dry lake, to very low lake level, to current lake, to 'healthy' lake level designated as 4,200 feet above sea level. The lake's South Arm currently sits at 4,194.4 feet, almost 6 feet higher than the historic low of 4,188.7 registered at the end of 2022.




According to the model, neighborhood disparities in exposure levels would increase when the lake level drops.

"We frame it the converse. Lake levels rise, overall levels of dust go down during the dust events and the gap, especially between Hispanic and Pacific Islander people, narrows with respect to the level of dust exposure for non-Hispanic white people," Grineski said. "So if we can take better care of the lake, the dust for everyone goes down and the gap in exposure between these groups goes down too."

Her team's prior research has previously documented disparities of PM2.5 exposure generally in the Salt Lake Valley

"There is a really strong pattern of inequality with respect to race and ethnicity," she added. "It's sort of a hopeful finding that if we can raise the lake to a 'healthy' level we can at least with respect to lake dust we can reduce some of that inequality."

Most dust from the playa is PM10, pollution comprised of much larger particles that are only measured at a few of Utah's air quality monitoring stations. Without a robust PM10 monitoring network, researchers and regulators are deprived of a key data source that could give a more complete assessment of the lakebed dust threat, according to co-author Kevin Perry. He said the study points to the need for Utah to expand its network of PM10 monitors since windblown lakebed dust contains about six times more PM10 than PM2.5.

"We have to use the PM2.5 data because that's the network that we have available. It's not what I would design and not what I would like to do," he said. "Because of the network being so sparse, I can't even answer a really basic question, like how many dust events do we have a year that are impacting these communities. And that's super frustrating."

A professor of atmospheric science, Perry is known as "Dr. Dust" thanks to his tireless bicycle forays across the vast lakebed gathering sediment samples. These sediments were found to be contaminated with heavy metals in some places.

He noted that potentially harmful dust events typically occur in the spring and fall when cold fronts pass through the Wasatch Front.

"Before a cold front gets here, we have really strong winds from the south that will last for 12 or 18 hours," Perry said. "And where's it pushing that dust? It's pushing it to Layton, Syracuse, Ogden, Brigham City where we have almost no PM10 monitors at all, and then the wind reverses and we'll get three to four or five hours of stuff coming into Salt Lake Valley where we do have monitors."

Because of its ability to infiltrate living tissue, PM2.5 is considered more harmful to human health than PM10, which is also classified as a criteria pollutant under the federal Clean Air Act.
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Scientists map how deadly bacteria evolved to become epidemic | ScienceDaily

P. aeruginosa is responsible for over 500,000 deaths per year around the world, of which over 300,000 are associated with antimicrobial resistance (AMR). People with conditions such as COPD (smoking-related lung damage), cystic fibrosis (CF), and non-CF bronchiectasis, are particularly susceptible.

How P. aeruginosa evolved from an environmental organism into a specialised human pathogen was not previously known. To investigate this, an international team led by scientists at the University of Cambridge examined DNA data from almost 10,000 samples taken from infected individuals, animals, and environments around the world. Their results are published today in Science

By mapping the data, the team was able to create phylogenetic trees -- 'family trees' -- that show how the bacteria from the samples are related to each other. Remarkably, they found that almost seven in ten infections are caused by just 21 genetic clones, or 'branches' of the family tree, that have rapidly evolved (by acquiring new genes from neighbouring bacteria) and then spread globally over the last 200 years. This spread occurred most likely as a result of people beginning to live in densely-populated areas, where air pollution made our lungs more susceptible to infection and where there were more opportunities for infections to spread.

These epidemic clones have an intrinsic preference for infecting particular types of patients, with some favouring CF patients and other non-CF individuals. It turns out that the bacteria can exploit a previously unknown immune defect in people with CF, allowing them to survive within macrophages. Macrophages are cells that 'eat' invading organisms, breaking them down and preventing the infection from spreading. But a previously-unknown flaw in the immune systems of CF patients means that once the macrophage 'swallows' P. aeruginosa, it is unable to get rid of it.

Having infected the lungs, these bacteria then evolve in different ways to become even more specialised for a particular lung environment. The result is that certain clones can be transmitted within CF patients and other clones within non-CF patients, but almost never between CF and non-CF patient groups.

Professor Andres Floto, Director of the UK Cystic Fibrosis Innovation Hub at the University of Cambridge and Royal Papworth Hospital NHS Foundation Trust, and senior author of the study said: "Our research on Pseudomonas has taught us new things about the biology of cystic fibrosis and revealed important ways we might be able to improve immunity against invading bacteria in this and potentially other conditions.




"From a clinical perspective, this study has revealed important information about Pseudomonas. The focus has always been on how easily this infection can spread between CF patients, but we've shown that it can spread with worrying ease between other patients, too. This has very important consequences for infection control in hospitals, where it's not uncommon for an infected individual to be on an open ward with someone potentially very vulnerable.

"We are incredibly lucky at Royal Papworth Hospital where we have single rooms and have developed and evaluated a new air-handling system to reduce the amount of airborne bacteria and protect all patients."

Dr Aaron Weimann from the Victor Phillip Dahdaleh Heart & Lung Research Institute at the University of Cambridge, and first author on the study, said: "It's remarkable to see the speed with which these bacteria evolve and can become epidemic and how they can specialise for a particular lung environment. We really need systematic, pro-active screening of all at risk patient groups to detect and hopefully prevent the emergence of more epidemic clones."

The research was funded by Wellcome and the UK Cystic Fibrosis Trust.
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        Dark matter in dwarf galaxy tracked using stellar motions
        The qualities and behavior of dark matter, the invisible 'glue' of the universe, continue to be shrouded in mystery. Though galaxies are mostly made of dark matter, understanding how it is distributed within a galaxy offers clues to what this substance is, and how it's relevant to a galaxy's evolution.

      

      
        First ever 3D reconstruction of 52,000-year-old woolly mammoth chromosomes thanks to serendipitously freeze-dried skin
        An international research team has assembled the genome and 3D chromosomal structures of a 52,000-year-old woolly mammoth -- the first time such a feat has been achieved for any ancient DNA sample. The fossilized chromosomes, which are around a million times longer than most ancient DNA fragments, provide insight into how the mammoth's genome was organized within its living cells and which genes were active within the skin tissue from which the DNA was extracted. This unprecedented level of struc...

      

      
        A new species of extinct crocodile relative rewrites life on the Triassic coastline
        The surprising discovery of a new species of extinct crocodile relative from the Triassic Favret Formation of Nevada, USA, rewrites the story of life along the coasts during the first act of the Age of Dinosaurs. The new species Benggwigwishingasuchus eremicarminis reveals that while giant ichthyosaurs ruled the oceans, the ancient crocodile kin known as pseudosuchian archosaurs ruled the shores across the Middle Triassic globe between 247.2 and 237 million years ago.

      

      
        Lion with nine lives breaks record with longest swim in predator-infested waters
        A record-breaking swim by two lion brothers across a predator-infested African river has been documented in a new study. The researchers say the 1km swim is another example of iconic wildlife species having to make tough decisions to find homes and mates in a human-dominated world.

      

      
        Mars likely had cold and icy past, new study finds
        The question of whether Mars ever supported life has captivated the imagination of scientists and the public for decades. Central to the discovery is gaining insight into the past climate of Earth's neighbor: was the planet warm and wet, with seas and rivers much like those found on our own planet? Or was it frigid and icy, and therefore potentially less prone to supporting life as we know it? A new study finds evidence to support the latter by identifying similarities between soils found on Mars...

      

      
        A new twist on artificial 'muscles' for safer, softer robots
        Engineers have developed a new soft, flexible device that makes robots move by expanding and contracting -- just like a human muscle. To demonstrate their new device, called an actuator, the researchers used it to create a cylindrical, worm-like soft robot and an artificial bicep. In experiments, the cylindrical soft robot navigated the tight, hairpin curves of a narrow pipe-like environment, and the bicep was able to lift a 500-gram weight 5,000 times in a row without failing.

      

      
        Research reveals the most complete dinosaur discovered in the UK in a century
        The most complete dinosaur discovered in the UK in the last 100 years, with a pubic hip bone the size of a 'dinner plate', has been described in a new article.

      

      
        The origins of dark comets
        Up to 60% of near-Earth objects could be dark comets, mysterious asteroids that orbit the sun in our solar system that likely contain or previously contained ice and could have been one route for delivering water to Earth, according to a new study.

      

      
        When there's money to lose, phone usage while driving drops
        Researchers discovered that feedback plus cash incentives designed with insights from behavioral science reduces phone use while driving.

      

      
        Strong evidence for intermediate-mass black hole in Omega Centauri
        Most known black holes are either extremely massive, like the supermassive black holes that lie at the cores of large galaxies, or relatively lightweight, with a mass of under 100 times that of the Sun. Intermediate-mass black holes (IMBHs) are scarce, however, and are considered rare 'missing links' in black hole evolution.

      

      
        Researchers listen to the hearts of bats in flight
        Unique recordings show that bats can ramp up heart rate from 6 to 900 b.p.m within minutes.

      

      
        Found with Webb: A potentially habitable icy world
        A international team of astronomers has made an exciting discovery about the temperate exoplanet LHS 1140 b: it could be a promising 'super-Earth' covered in ice or water.

      

      
        First local extinction in the US due to sea level rise, study suggests
        The United States has lost its only stand of the massive Key Largo tree cactus in what researchers believe is the first local extinction of a species caused by sea level rise in the country.

      

      
        Groundbreaking study reveals oceanic seabirds chase tropical cyclones
        A new study reveals that the rare Desertas Petrels (Pterodroma deserta), a wide-ranging seabird in the North Atlantic, exhibit unique foraging behaviors during hurricane season. Contrary to other pelagic seabirds, these petrels do not avoid intense tropical cyclones but instead exploit the dynamic conditions for their benefit, providing new insights into the impact of cyclones on open ocean marine life.

      

      
        Ancient large kangaroo moved mainly on four legs, according to new research
        A type of extinct kangaroo that lived during the Pleistocene around two and a half million to ten thousand years ago, known as the 'giant wallaby', was a poor hopper, a study has found.

      

      
        Life underground suited newly discovered dinosaur fine
        A newly discovered ancestor of Thescelosaurus shows evidence that these animals spent at least part of their time in underground burrows. The new species contributes to a fuller understanding of life during the mid-Cretaceous -- both above and below ground.

      

      
        It takes a cool microscope and antifreeze to really look at ice
        Ice in nature is surrounded by liquid most of the time, and therefore it is key to understand how ice and liquid interact. A new study has now directly observe the precise shape of ice at the interface between ice and liquid -- by using antifreeze and a refrigerated microscope.

      

      
        Stench of a gas giant? Nearby exoplanet reeks of rotten eggs, and that's a good thing
        An exoplanet infamous for its deadly weather has been hiding another bizarre feature -- it reeks of rotten eggs, according to a new study of data from the James Webb Space Telescope.

      

      
        Fresh wind blows from historical supernova
        A mysterious remnant from a rare type of supernova recorded in 1181 has been explained for the first time. Two white dwarf stars collided, creating a temporary 'guest star,' now labeled supernova (SN) 1181, which was recorded in historical documents in Japan and elsewhere in Asia. However, after the star dimmed, its location and structure remained a mystery until a team pinpointed its location in 2021. Now, through computer modeling and observational analysis, researchers have recreated the struc...
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Dark matter in dwarf galaxy tracked using stellar motions | ScienceDaily
The qualities and behavior of dark matter, the invisible "glue" of the universe, continue to be shrouded in mystery. Though galaxies are mostly made of dark matter, understanding how it is distributed within a galaxy offers clues to what this substance is, and how it's relevant to a galaxy's evolution.


						
While computer simulations suggest dark matter should pile up in a galaxy's center, called a density cusp, many previous telescopic observations have indicated that it is instead more evenly dispersed throughout a galaxy. The reason for this tension between model and observation continues to puzzle astronomers, reinforcing the mystery of dark matter.

A team of astronomers has turned toward NASA's Hubble Space Telescope to try and clarify this debate by measuring the dynamic motions of stars within the Draco dwarf galaxy, a system located roughly 250,000 light-years from Earth. Using observations that spanned 18 years, they succeeded in building the most accurate three-dimensional understanding of stars' movements within the diminutive galaxy. This required scouring nearly two decades of Hubble archival observations of the Draco galaxy.

"Our models tend to agree more with a cusp-like structure, which aligns with cosmological models," said Eduardo Vitral of the Space Telescope Science Institute (STScI) in Baltimore and lead author of the study. "While we cannot definitively say all galaxies contain a cusp-like dark matter distribution, it's exciting to have such well measured data that surpasses anything we've had before."

Charting the Movements of Stars

To learn about dark matter within a galaxy, scientists can look to its stars and their movements that are dominated by the pull of dark matter. A common approach to measure the speed of objects moving in space is by the Doppler Effect -- an observed change of the wavelength of light if a star is approaching or receding from Earth. Although this line-of-sight velocity can provide valuable insight, only so much can be gleaned from this one-dimensional source of information.

Besides moving closer or further away from us, stars also move across the sky, measured as their proper motion. By combining line-of-sight velocity with proper motions, the team created an unprecedented analysis of the stars' 3D movements.




"Improvements in data and improvements in modeling usually go hand in hand," explained Roeland van der Marel of STScI, a co-author of the paper who initiated the study more than 10 years ago. "If you don't have very sophisticated data or only one-dimensional data, then relatively straightforward models can often fit. The more dimensions and complexity of data you gather, the more complex your models need to be to truly capture all the subtleties of the data."

A Scientific Marathon (Not a Sprint)

Since dwarf galaxies are known to have a higher proportion of dark matter content than other types of galaxies, the team honed in on the Draco dwarf galaxy, which is a relatively small and spheroidal nearby satellite of the Milky Way galaxy.

"When measuring proper motions, you note the position of a star at one epoch and then many years later measure the position of that same star. You measure the displacement to determine how much it moved," explained Sangmo Tony Sohn of STScI, another co-author of the paper and the principal investigator of the latest observational program. "For this kind of observation, the longer you wait, the better you can measure the stars shifting."

The team analyzed a series of epochs spanning from 2004 to 2022, an extensive baseline that only Hubble could offer, due to the combination of its sharp stable vision and record time in operation. The telescope's rich data archive helped decrease the level of uncertainty in the measurement of the stars' proper motions. The precision is equivalent to measuring an annual shift a little less than the width of a golf ball as seen on the Moon from Earth.

With three dimensions of data, the team reduced the amount of assumptions applied in previous studies and considered characteristics specific to the galaxy -- such as its rotation, and distribution of its stars and dark matter -- in their own modeling efforts.




An Exciting Future

The methodologies and models developed for the Draco dwarf galaxy can be applied to other galaxies in the future. The team is already analyzing Hubble observations of the Sculptor dwarf galaxy and the Ursa Minor dwarf galaxy.

Studying dark matter requires observing different galactic environments, and also entails collaboration across different space telescope missions. For example, NASA's upcoming Nancy Grace Roman Space Telescope will help reveal new details of dark matter's properties among different galaxies thanks to its ability to survey large swaths of the sky.

"This kind of study is a long-term investment and requires a lot of patience," reflected Vitral. "We're able to do this science because of all the planning that was done throughout the years to actually gather these data. The insights we've collected are the result of a larger group of researchers that has been working on these things for many years."

These results are accepted for publication in The Astrophysical Journal.

The Hubble Space Telescope has been operating for over three decades and continues to make ground-breaking discoveries that shape our fundamental understanding of the universe. Hubble is a project of international cooperation between NASA and ESA (European Space Agency). NASA's Goddard Space Flight Center in Greenbelt, Maryland, manages the telescope and mission operations. Lockheed Martin Space, based in Denver, Colorado, also supports mission operations at Goddard. The Space Telescope Science Institute (STScI) in Baltimore, Maryland, which is operated by the Association of Universities for Research in Astronomy, conducts Hubble science operations for NASA.
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First ever 3D reconstruction of 52,000-year-old woolly mammoth chromosomes thanks to serendipitously freeze-dried skin | ScienceDaily
An international research team has assembled the genome and 3D chromosomal structures of a 52,000-year-old woolly mammoth -- the first time such a feat has been achieved for any ancient DNA sample. The fossilized chromosomes, which are around a million times longer than most ancient DNA fragments, provide insight into how the mammoth's genome was organized within its living cells and which genes were active within the skin tissue from which the DNA was extracted. This unprecedented level of structural detail was retained because the mammoth underwent freeze-drying shortly after it died, which meant that its DNA was preserved in a glass-like state. The results are presented July 11 in the journal Cell.


						
"This is a new type of fossil, and its scale dwarfs that of individual ancient DNA fragments -- a million times more sequence," says corresponding author Erez Lieberman Aiden, Director of the Center for Genome Architecture at Baylor College of Medicine. "It is also the first time a karyotype of any sort has been determined for an ancient sample."

Knowing the three-dimensional architecture of a genome provides a lot of additional information beyond its sequence, but most ancient DNA specimens consist of very small, scrambled DNA fragments. Building off work mapping the 3D structure of the human genome, Aiden thought that if the right ancient DNA sample could be found -- one with the 3D organization of the fragments still intact -- it would be possible to use the same strategies to assemble ancient genomes.

The researchers tested dozens of samples over the course of five years before landing on an unusually well-preserved woolly mammoth that was excavated in northeastern Siberia in 2018. "We think it spontaneously freeze-dried shortly after its death," says corresponding author Olga Dudchenko of the Center for Genome Architecture at Baylor College of Medicine. "The nuclear architecture in a dehydrated sample can survive for an incredibly long period of time."

To reconstruct the mammoth's genomic architecture, the researchers extracted DNA from a skin sample taken behind the mammoth's ear. They used a method called Hi-C that allows them to detect which sections of DNA are likely to be in close spatial proximity and interact with each other in their natural state in the nucleus.

"Imagine you have a puzzle that has three billion pieces, but you don't have the picture of the final puzzle to work from," says corresponding author Marc A. Marti-Renom, an ICREA research professor and structural genomicist at the Centre Nacional d'Analisi Genomica (CNAG) and the Centre for Genomic Regulation (CRG) in Barcelona. "Hi-C allows you to have an approximation of that picture before you start putting the puzzle pieces together."

Then, they combined the physical information from the Hi-C analysis with DNA sequencing to identify the interacting DNA sections and create an ordered map of the mammoth's genome, using the genomes of present-day elephants as a template. The analysis revealed that woolly mammoths had 28 chromosomes -- the same number as present-day Asian and African elephants. Remarkably, the fossilized mammoth chromosomes also retained a huge amount of physical integrity and detail, including the nanoscale loops that bring transcription factors in contact with the genes they control.




By examining the compartmentalization of genes within the nucleus, the researchers were able to identify genes that were active and inactive within the mammoth's skin cells -- a proxy for epigenetics or transcriptomics. The mammoth skin cells had distinct gene activation patterns compared to the skin cells of its closest relative, the Asian elephant, including for genes potentially related to its woolly-ness and cold tolerance.

"For the first time, we have a woolly mammoth tissue for which we know roughly which genes were switched on and which genes were off," says Marti-Renom. "This is an extraordinary new type of data, and it's the first measure of cell-specific gene activity of the genes in any ancient DNA sample."

Although the method used in this study hinges on unusually well-preserved fossils, the researchers are optimistic that it could be used to study other ancient DNA specimens -- from mammoths to Egyptian mummies -- as well as more recently preserved museum specimens.

For mammoths, the next steps would include examining the epigenetic patterns of other tissues. "These results have obvious consequences for contemporary efforts aimed at woolly mammoth de-extinction," says corresponding author M. Thomas Gilbert, a paleo-genomicist at the University of Copenhagen and the Norwegian University of Science and Technology.
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A new species of extinct crocodile relative rewrites life on the Triassic coastline | ScienceDaily
The surprising discovery of a new species of extinct crocodile relative from the Triassic Favret Formation of Nevada, USA, rewrites the story of life along the coasts during the first act of the Age of Dinosaurs. Described in a study published in Biology Letters, the new species Benggwigwishingasuchus eremicarminis reveals that while giant ichthyosaurs ruled the oceans, the ancient crocodile kin known as pseudosuchian archosaurs ruled the shores across the Middle Triassic globe between 247.2 and 237 million years ago.


						
"This exciting new species demonstrates that pseudosuchians were occupying coastal habitats on a global basis during the Middle Triassic," said Dr. Nate Smith, lead author of the paper, and Gretchen Augustyn Director and Curator of the Dinosaur Institute at the Natural History Museum of Los Angeles County.

Capturing fossil life from the eastern Panthalassan Ocean of the Triassic, the locality that includes the Favret Formation is known for fossils of sea-going creatures like ammonites along with marine reptiles like the giant ichthyosaur C. youngorum -- finding the newly described B. eremicarminis came as a bit of a shock.

"Our first reaction was: What the hell is this?" said co-author Dr. Nicole Klein of the University of Bonn. "We were expecting to find things like marine reptiles. We couldn't understand how a terrestrial animal could end up so far out in the sea among the ichthyosaurs and ammonites. It wasn't until seeing the nearly completely prepared specimen in person that I was convinced it really was a terrestrial animal."

Pseudosuchian archosaurs have been unearthed in fossil beds from the shores of the ancient Tethys Ocean, but this is the first coastal representative from the Panthalassan Ocean and western hemisphere, revealing that these crocodile relatives were present in coastal environments worldwide during the Middle Triassic. Interestingly, these coastal species aren't all from the same evolutionary group, suggesting that pseudosuchians (and archosauriforms more broadly) were independently adapting to life along the shores.

"Essentially, it looks like you had a bunch of very different archosauriform groups deciding to dip their toes in the water during the Middle Triassic. What's interesting, is that it doesn't look like many of these 'independent experiments' led to broader radiations of semi-aquatic groups," said Smith.

During the Triassic, archosaurs, "the ruling reptiles," arose and split into two groups with two surviving representatives: birds, the descendants of dinosaurs, and crocodilians (alligators, crocodiles, and gharials), the descendants of pseudosuchian archosaurs like B. eremicarminis. While today's crocodilians are similar enough to be mistaken for one another by most people, their ancient relatives varied wildly in size and lifestyle. The evolutionary relationships of B. eremicarminis and its relatives suggest that pseudosuchians achieved great diversity very quickly following the End-Permian mass extinction -- the extent of which is waiting to be discovered in the fossil record.




"A growing number of recent discoveries of Middle Triassic pseudosuchians are hinting that an underappreciated amount of morphological and ecological diversity and experimentation was happening early in the group's history. While a lot of the public's fascination with the Triassic focuses on the origin of dinosaurs, it's really the pseudosuchians that were doing interesting things at the beginning of the Mesozoic," Smith said.

The new species underlines the multiplicity of these ancient reptiles during the Triassic, from giants like Mambawakale ruhuhu to smaller animals like the newly described B. eremicarminis, which probably reached around 5-6 feet in length. Exactly how long B. eremicarminis was and how it survived along the coasts remains shrouded in the past. Only a few elements of the individual's skull were found, and any clues to how it fed and hunted are similarly absent. What's more clear is that B. eremicarminis likely stuck pretty close to the shore. Its well-preserved limbs are well-developed without any of the signs of aquatic living like flippers or altered bone density.

The research team wanted a name that paid respect to the original human inhabitants of the Augusta Mountains where the specimen was found, and so consulted a member of the Fallon Paiute Shoshone Tribe to decide on an appropriate name."Benggwi-Gwishinga," a word that means "catching fish" in Shoshone, was combined with the Greek word for Sobek, the Egyptian crocodile-headed god, to coin the new genus, Benggwigwishingasuchus. The specific epithet eremicarminis translates to "desert song," honoring two supporters of NHMLAC who have a passion for the paleontology and opera of the Southwest. Thus, the full name is meant to translate roughly as "Fisherman Croc's Desert Song."
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Lion with nine lives breaks record with longest swim in predator-infested waters | ScienceDaily
A record-breaking swim by two lion brothers across a predator-infested African river has been documented in a study co-led by Griffith University and Northern Arizona University.


						
Dr Alexander Braczkowski, from Griffith's Centre for Planetary Health and Food Security, led a team that filmed a two-male lion coalition crossing the Kazinga Channel in Uganda at night, using high-definition heat detection cameras on drones. The work was done under the supervision of the Uganda Wildlife Authority.

One half of the lion brother duo was a 10-year-old local icon known as Jacob, who became famous for surviving a multitude of life-threatening incidents, one of which left him with an amputated leg.

"Jacob has had the most incredible journey and really is a cat with nine lives," Dr Braczkowski said.

"I'd bet all my belongings that we are looking at Africa's most resilient lion: he has been gored by a buffalo, his family was poisoned for lion body part trade, he was caught in a poacher's snare, and finally lost his leg in another attempted poaching incident where he was caught in a steel trap.

"The fact that he and his brother Tibu have managed to survive as long as they have in a national park that has experienced significant human pressures and high poaching rates is a feat in itself -- our science has shown this population has nearly halved in just 5 years.

"His swim, across a channel filled with high densities of hippos and crocodiles, is a record-breaker and is a truly amazing show of resilience in the face of such risk."

Previous reported swims by African lions have ranged from 10 to a couple of hundred metres, some of which resulted in deaths by crocodile attacks.




The big swim prompts a key question: why did Jacob and Tibu risk the dangerous kilometre-long night swim in the first place?

"It's likely the brothers were looking for females," Dr Braczkowski explained.

"Competition for lionesses in the park is fierce and they lost a fight for female affection in the hours leading up to the swim, so it's likely the duo mounted the risky journey to get to the females on the other side of the channel."

"There is a small connecting bridge to the other side but the presence of people was probably a deterrent for them."

Dr Braczkowski has been running a long-term study of African lions and other predators in Queen Elizabeth and several other Ugandan National Parks.

He is currently the scientific director of the Volcanoes Safaris Partnership Trust's Kyambura Lion Project and has been working with the Ugandan Government since 2017 to build scientific capacity in the wildlife department to census lions and other predators.

This behavioural observation is a direct symptom of some of his previous research, highlighting skewed sex ratios in lion populations.

"Jacob and Tibu's big swim is another important example that some of our most beloved wildlife species are having to make tough decisions just to find homes and mates in a human-dominated world," Dr Braczkowski said.
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Mars likely had cold and icy past, new study finds | ScienceDaily
The question of whether Mars ever supported life has captivated the imagination of scientists and the public for decades. Central to the discovery is gaining insight into the past climate of Earth's neighbor: was the planet warm and wet, with seas and rivers much like those found on our own planet? Or was it frigid and icy, and therefore potentially less prone to supporting life as we know it? A new study finds evidence to support the latter by identifying similarities between soils found on Mars and those of Canada's Newfoundland, a cold subarctic climate.


						
The study, published July 7th in Communications Earth and Environment, looked for soils on Earth with comparable materials to Mars' Gale Crater. Scientists often use soil to depict environmental history, as the minerals present can tell the story of landscape evolution through time. Understanding more about how these materials formed could help answer long-standing questions about historical conditions on the red planet. The soils and rocks of Gale Crater provide a record of Mars' climate between 3 and 4 billion years ago, during a time of relatively abundant water on the planet -- and the same time period that saw life first appear on Earth.

"Gale Crater is a paleo lakebed -- there was obviously water present. But what were the environmental conditions when the water was there?" says Anthony Feldman, a soil scientist and geomorphologist now at DRI. "We're never going to find a direct analog to the Martian surface, because conditions are so different between Mars and Earth. But we can look at trends under terrestrial conditions and use those to try to extrapolate to Martian questions."

NASA's Curiosity Rover has been investigating Gale Crater since 2011, and has found a plethora of soil materials known as "X-ray amorphous material." These components of the soil lack the typical repeating atomic structure that defines minerals, and therefore can't be easily characterized using traditional techniques like X-ray diffraction. When X-rays are shot at crystalline materials like a diamond, for example, the X-rays scatter at characteristic angles based on the mineral's internal structure. However, X-ray amorphous material does not produce these characteristic "fingerprints." This X-ray diffraction method was used by the Curiosity Rover to demonstrate that X-ray amorphous material comprised between 15 and 73% of the soil and rock samples tested in Gale Crater.

"You can think of X-Ray amorphous materials like Jello," Feldman says. "It's this soup of different elements and chemicals that just slide past each other."

The Curiosity Rover also conducted chemical analyses on the soil and rock samples, finding that the amorphous material was rich in iron and silica but deficient in aluminum. Beyond the limited chemical information, scientists don't yet understand what the amorphous material is, or what its presence implies about Mars' historical environment. Uncovering more information about how these enigmatic materials form and persist on Earth could help answer persistent questions about the red planet.

Feldman and his colleagues visited three locations in search of similar X-ray amorphous material: the Tablelands of Gros Morne National Park in Newfoundland, Northern California's Klamath Mountains, and western Nevada. These three sites had serpentine soils that the researchers expected to be chemically similar to the X-ray amorphous material at Gale Crater: rich in iron and silicon but lacking in aluminum. The three locations also provided a range of rainfall, snowfall, and temperature that could help provide insight into the type of environmental conditions that produce amorphous material and encourage its preservation.




At each site, the research team examined the soils using X-ray diffraction analysis and transmission electron microscopy, which allowed them to see the soil materials at a more detailed level. The subarctic conditions of Newfoundland produced materials chemically similar to those found in Gale Crater that also lacked in crystalline structure. The soils produced in warmer climates like California and Nevada did not.

"This shows that you need the water there in order to form these materials," Feldman says. "But it needs to be cold, near-freezing mean annual temperature conditions in order to preserve the amorphous material in the soils."

Amorphous material is often considered to be relatively unstable, meaning that at an atomic level, the atoms haven't yet organized into their final, more crystalline forms. "There's something going on in the kinetics -- or the rate of reaction -- that is slowing it down so that these materials can be preserved over geologic time scales," Feldman says. "What we're suggesting is that very cold, close to freezing conditions, is one particular kinetic limiting factor that allows for these materials to form and be preserved."

"This study improves our understanding of the climate of Mars," Feldman says. "The results suggest that the abundance of this material in Gale Crater is consistent with subarctic conditions, similar to what we would see in, for instance, Iceland."
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A new twist on artificial 'muscles' for safer, softer robots | ScienceDaily
Northwestern University engineers have developed a new soft, flexible device that makes robots move by expanding and contracting -- just like a human muscle.


						
To demonstrate their new device, called an actuator, the researchers used it to create a cylindrical, worm-like soft robot and an artificial bicep. In experiments, the cylindrical soft robot navigated the tight, hairpin curves of a narrow pipe-like environment, and the bicep was able to lift a 500-gram weight 5,000 times in a row without failing.

Because the researchers 3D-printed the body of the soft actuator using a common rubber, the resulting robots cost about $3 in materials, excluding the small motor that drives the actuator's shape change. That sharply contrasts typical stiff, rigid actuators used in robotics, which often cost hundreds to thousands of dollars.

The new actuator could be used to develop inexpensive, soft, flexible robots, which are safer and more practical for real-world applications, researchers said.

The research was published Monday (July 8) in the journal Advanced Intelligent Systems.

"Roboticists have been motivated by a long-standing goal to make robots safer," said Northwestern's Ryan Truby, who led the study. "If a soft robot hit a person, it would not hurt nearly as much as getting hit with a rigid, hard robot. Our actuator could be used in robots that are more practical for human-centric environments. And, because they are inexpensive, we potentially could use more of them in ways that, historically, have been too cost prohibitive."

Truby is the June and Donald Brewer Junior Professor of Materials Science and Engineering and Mechanical Engineering at Northwestern's McCormick School of Engineering, where he directs The Robotic Matter Lab. Taekyoung Kim, a postdoctoral scholar in Truby's lab and first author on the paper, led the research. Pranav Kaarthik, a Ph.D. candidate in mechanical engineering, also contributed to the work.




Robots that 'behave and move like living organisms'

While rigid actuators have long been the cornerstone of robot design, their limited flexibility, adaptability and safety have driven roboticists to explore soft actuators as an alternative. To design soft actuators, Truby and his team take inspiration from human muscles, which contract and stiffen simultaneously.

"How do you make materials that can move like a muscle?" Truby asked. "If we can do that, then we can make robots that behave and move like living organisms."

To develop the new actuator, the team 3D-printed cylindrical structures called "handed shearing auxetics" (HSAs) out of rubber. Difficult to fabricate, HSAs embody a complex structure that enables unique movements and properties. For example, when twisted, HSAs extend and expand. Although Truby and Kaarthik 3D-printed similar HSA structures for robots in the past, they were bound to using expensive printers and rigid plastic resins. As a result, their previous HSAs could not bend or deform easily.

"For this to work, we needed to find a way to make HSAs softer and more durable," said Kim. "We figured out how to fabricate soft but robust HSAs from rubber using a cheaper and more easily available desktop 3D printer."

Kim printed the HSAs from thermoplastic polyurethane, a common rubber often used in cellphone cases. While this made the HSAs much softer and more flexible, one challenge remained: how to twist the HSAs to get them to extend and expand.




Previous versions of HSA soft actuators used common servo motors to twist the materials into extended and expanded states. But the researchers only achieved successful actuation after assembling two or four HSAs -- each with its own motor -- together. Building soft actuators in this way presented fabrication and operational challenges. It also reduced the softness of the HSA actuators.

To build an improved soft actuator, the researchers aimed to design a single HSA driven by one servo motor. But first, the team needed to find a way to make a single motor twist a single HSA.

Simplifying 'the entire pipeline'

To solve this problem, Kim added a soft, extendable, rubber bellows to the structure that performed like a deformable, rotating shaft. As the motor provided torque -- an action that causes an object to rotate -- the actuator extended. Simply turning the motor in one direction or the other drives the actuator to extend or contract.

"Essentially, Taekyoung engineered two rubber parts to create muscle-like movements with the turn of a motor," Truby said. "While the field has made soft actuators in more cumbersome ways, Taekyoung greatly simplified the entire pipeline with 3D printing. Now, we have a practical soft actuator that any roboticist can use and make."

The bellows added enough support for Kim to build a crawling soft robot from a single actuator that moved on its own. The pushing and pulling motions of the actuator propelled the robot forward through a winding, constrained environment simulating a pipe.

"Our robot can make this extension motion using a single structure," Kim said. "That makes our actuator more useful because it can be universally integrated into all types of robotic systems."

The missing piece: muscle stiffening

The resulting worm-like robot was compact (measuring just 26 centimeters in length) and crawled -- both backward and forward -- at a speed of just over 32 centimeters per minute. Truby noted that both the robot and artificial bicep become stiffer when the actuator is fully extended. This was yet another property that previous soft robots were unable to achieve.

"Like a muscle, these soft actuators actually stiffen," Truby said. "If you have ever twisted the lid off a jar, for example, you know your muscles tighten and get stiffer to transmit force. That's how your muscles help your body do work. This has been an overlooked feature in soft robotics. Many soft actuators get softer when in use, but our flexible actuators get stiffer as they operate."

Truby and Kim say their new actuator provides yet another step toward more bioinspired robots.

"Robots that can move like living organisms are going to enable us to think about robots performing tasks that conventional robots can't do," Truby said.

The study, "A flexible, architected soft robotic actuator for linear, servo-driven motion," was supported by Truby's Young Investigator Award from the Office of Naval Research and Northwestern's Center for Engineering and Sustainability Resilience.
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Research reveals the most complete dinosaur discovered in the UK in a century | ScienceDaily
The most complete dinosaur discovered in this country in the last 100 years, with a pubic hip bone the size of a 'dinner plate', has been described in a new paper published today.


						
The specimen, which is around 125 million years old, was found in the cliffs of Compton Bay on the Isle of Wight in 2013 by fossil collector Nick Chase, before he tragically died of cancer.

Jeremy Lockwood, a retired GP and University of Portsmouth PhD student, helped with the dinosaur's excavation and has spent years analysing the 149 different bones that make up the skeleton.

Jeremy determined that the skeleton represented a new genus and species, which he named Comptonatus chasei in tribute to Nick.

Jeremy said: "Nick had a phenomenal nose for finding dinosaur bones -- he really was a modern-day Mary Anning. He collected fossils daily in all weathers and donated them to museums. I was hoping we'd spend our dotage collecting together as we were of similar ages, but sadly that wasn't to be the case.

"Despite his many wonderful discoveries over the years, including the most complete Iguanodon skull ever found in Britain, this is the first dinosaur to be named after him."

When it was first discovered, the specimen was thought to be a known dinosaur called Mantellisaurus, but Jeremy's study revealed a lot more dinosaur diversity. Indeed, this is the second new genus to be described by Jeremy.




He said: "I've been able to show this dinosaur is different because of certain unique features in its skull, teeth and other parts of its body. For example its lower jaw has a straight bottom edge, whereas most iguanodontians have a jaw that curves downwards. It also has a very large pubic hip bone, which is much bigger than other similar dinosaurs. It's like a dinner plate!"

Jeremy doesn't know why the pubic hip bone, which is placed at the base of the abdomen was so big: "It was probably for muscle attachments, which might mean its mode of locomotion was a bit different, or it could have been to support the stomach contents more effectively, or even have been involved in how the animal breathed, but all of these theories are somewhat speculative."

Jeremy named the dinosaur Comptonatus after Compton Bay where it was found and 'tonatus' is a latin word meaning 'thunderous'.

"This animal would have been around a ton, about as big as a large male American bison. And evidence from fossil footprints found nearby shows it was likely to be a herding animal, so possibly large herds of these heavy dinosaurs may have been thundering around if spooked by predators on the floodplains over 120 million years ago."

Dr Susannah Maidment, Senior Researcher and palaeontologist at the Natural History Museum and senior author of the paper completed whilst supervising Jeremy's PhD, commented: "Comptonatus is a fantastic dinosaur specimen: one of the most complete to be found in the UK in a century.

"Its recognition as a new species is due to incredibly detailed work by NHM Scientific Associate Dr Jeremy Lockwood, whose research continues to reveal that the diversity of dinosaurs in southern England in the Early Cretaceous was much greater than previously realised.




"The specimen, which is younger than Brighstoneus but older than Mantellisaurus (two iguandontian dinosaurs closely related to Comptonatus) demonstrate fast rates of evolution in iguandontian dinosaurs during this time period, and could help us understand how ecosystems recovered after a putative extinction event at the end of the Jurassic Period."

Despite only four new dinosaur species being described on the Isle of Wight in the whole of the 1900s, there have been eight new species named in the last five years.

Jeremy added: "This really is a remarkable find. It helps us understand more about the different types of dinosaurs that lived in England in the Early Cretaceous. This adds to recent research that shows that Wessex was one of the world's most diverse ecosystems."

The dinosaur has been added to the collections at the Dinosaur Isle Museum in Sandown on the Isle of Wight. The paper is published today in the Journal of Systematic Palaeontology.

Dr Martin Munt, Dinosaur Isle curator, said: "Ongoing research on the museum collection continues to reveal exciting new discoveries. Most of Nick's most important finds have remained on the Island, a lasting legacy.

"We can look forward to many more new types of prehistoric creatures being discovered from the Island's cliffs and collection."

Mike Greenslade, General Manager for the National Trust on the Isle of Wight, said: "This extraordinary discovery at National Trust's Compton Bay highlights the rich natural heritage of the Isle of Wight.

"Finding the most complete dinosaur in the UK in a century not only showcases the island's palaeontological significance but also underscores the importance of preserving our landscapes for future generations to explore and learn from.

"Nick Chase's remarkable find and Jeremy Lockwood's dedicated research are a testament to the incredible history waiting to be uncovered here. We are thrilled to be part of this ongoing journey of discovery and scientific advancement."
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The origins of dark comets | ScienceDaily
Up to 60% of near-Earth objects could be dark comets, mysterious asteroids that orbit the sun in our solar system that likely contain or previously contained ice and could have been one route for delivering water to Earth, according to a University of Michigan study.


						
The findings suggest that asteroids in the asteroid belt, a region of the solar system roughly between Jupiter and Mars that contains much of the system's rocky asteroids, have subsurface ice, something that has been suspected since the 1980s, according to Aster Taylor, a U-M graduate student in astronomy and lead author of the study.

The study also shows a potential pathway for delivering ice into the near-Earth solar system, according to Taylor. How Earth got its water is a longstanding question.

"We don't know if these dark comets delivered water to Earth. We can't say that. But we can say that there is still debate over how exactly the Earth's water got here," Taylor said. "The work we've done has shown that this is another pathway to get ice from somewhere in the rest of the solar system to the Earth's environment."

The research further suggests that one large object may come from the Jupiter-family comets, comets whose orbits take them close to the planet Jupiter. The team's results are published in the journal Icarus.

Dark comets are a bit of a mystery because they combine characteristics of both asteroids and comets. Asteroids are rocky bodies with no ice that orbit closer to the sun, typically within what's called the ice line. This means they are close enough to the sun for any ice the asteroid may have been carrying to sublimate, or change from solid ice directly into gas.

Comets are icy bodies that show a fuzzy coma, a cloud that often surrounds a comet. Sublimating ice carries dust along with it, creating the cloud. Additionally, comets typically have slight accelerations propelled not by gravity, but by the sublimation of ice, called nongravitational accelerations.




The study examined seven dark comets and estimates that between 0.5 and 60% of all near-Earth objects could be dark comets, which do not have comae but do have nongravitational accelerations. The researchers also suggest that these dark comets likely come from the asteroid belt, and because these dark comets have nongravitational accelerations, the study findings suggest asteroids in the asteroid belt contain ice.

"We think these objects came from the inner and/or outer main asteroid belt, and the implication of that is that this is another mechanism for getting some ice into the inner solar system," Taylor said. "There may be more ice in the inner main belt than we thought. There may be more objects like this out there. This could be a significant fraction of the nearest population. We don't really know, but we have many more questions because of these findings."

In previous work, a team of researchers including Taylor identified nongravitational accelerations on a set of near-Earth objects, naming them "dark comets." They determined that the dark comets' nongravitational accelerations are likely the result of small amounts of sublimating ice.

In the current work, Taylor and their colleagues wanted to discover where the dark comets came from.

"Near-Earth objects don't stay on their current orbits very long because the near-Earth environment is messy," they said. "They only stay in the near-Earth environment for around 10 million years. Because the solar system is much older than that, that means near-Earth objects are coming from somewhere -- that we're constantly being fed near-Earth objects from another, much larger source."

To determine the origin of this dark comet population, Taylor and their coauthors created dynamical models that assigned nongravitational accelerations to objects from different populations. Then, they modeled a path these objects would follow given the assigned nongravitational accelerations over a period of 100,000 years. The researchers observed that many of these objects ended up where dark comets are today, and found that out of all potential sources, the main asteroid belt is the most likely place of origin.




One of the dark comets called 2003 RM, which passes in an elliptical orbit close to Earth, then out to Jupiter and back past Earth, follows the same path that would be expected from a Jupiter family comet, Taylor says -- that is, its position is consistent with a comet that was knocked inward from its orbit.

Meanwhile, the study finds that the rest of the dark comets likely came from the inner band of the asteroid belt. Since the dark comets likely have ice, this shows that ice are present in the inner main belt.

Then, the researchers applied a previously suggested theory to their population of dark comets to determine why the objects are so small and quickly rotating. Comets are rocky structures bound together by ice -- picture a dirty ice cube, Taylor says. Once they get bumped within the solar system's ice line, that ice starts to off gas. This causes the object's acceleration, but it can also cause the object to spin quite fast -- fast enough for the object to break apart.

"These pieces will also have ice on them, so they will also spin out faster and faster until they break into more pieces," Taylor said. "You can just keep doing this as you get smaller and smaller and smaller. What we suggest is that the way you get these small, fast rotating objects is you take a few bigger objects and break them into pieces."

As this happens, the objects continue to lose their ice, get even smaller, and rotate even more rapidly.

The researchers believe that while the larger dark comet, 2003 RM, was likely a larger object that got kicked out of the outer main belt of the asteroid belt, the six other objects they were examining likely came from the inner main belt and were made by an object that had gotten knocked inward and then broke apart.
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When there's money to lose, phone usage while driving drops | ScienceDaily
To make someone put their phone down while driving, show them the money -- with a catch, according to new research published in JAMA Open. When a group of auto insurance customers were tempted with a cash incentive -- and regular feedback letting the driver know how they were doing compared to other drivers trying to reduce their phone time -- handheld phone use dropped significantly, a team at the Perelman School of Medicine at the University of Pennsylvania found.


						
The researchers examined several different strategies informed by behavior science to curb distracted driving in a seven-week trial. One strategy paired weekly feedback on phone use with a cash incentive of up to $50 at the end of the study if the drivers used their phones less than others. That approach yielded a 15 percent decrease in handheld phone usage compared to drivers given no incentive or feedback. However, when drivers were told that they would receive the same amount of money paid out in weekly installments, but lose it if they engaged in handheld phone usage while driving, phone use decreased by 21 percent.

"In the United States, there are over 800,000 crashes per year due to distracted driving, with cell phone use while driving being a leading cause. This occurs despite numerous laws banning handheld phone use, suggesting additional scalable interventions are needed," said lead author M. Kit Delgado, MD, MS, faculty director of Penn Medicine's Nudge Unit and an associate professor of Emergency Medicine and Epidemiology. "We were able to use the power of humans' natural aversion to loss and regret, as well as our desire to fit in to social norms, to achieve some significant results."

Insurance companies saw a 30 percent climb in distracted driving-related crashes between 2011 and 2020, largely tied to cell phone usage. Twenty-eight states have passed bans of handheld phone usage while driving, with Pennsylvania the latest state to enact a law, , which takes effect mid-2025.

The practice of incentivizing drivers' behaviors is rising. Auto insurance companies are increasing "usage-based insurance (UBI)" where customers agree to download smartphone apps to monitor driving performance and cell phone usage. The data is then used to adjust rates for individual drivers, with safer drivers being offered discounts on future insurance policies.

For the study, Penn Medicine researchers worked with researchers at Progressive Insurance(r), which invited customers participating in their own UBI program to participate, enrolling over 2,000 participants in the study.

With deidentified data, Penn Medicine's researchers determined that a group of drivers who were told (and updated weekly) that they could lose up to $7.15 a week were the ones who used their phones least compared to the control group of drivers that had no incentives or feedback. Interestingly, doubling the incentive to $14.29 per week didn't lead to a greater reduction in phone use, though there was a significant decline. There were also notable results among drivers who received feedback and were offered the $50 incentive at the end of the test period.




Drivers offered the delayed $50 incentive at the end of the intervention but received no weekly feedback and no incremental loss for weekly performance did not achieve significant results.

The reason why feedback and loss-framed payments appeared to be so critical, Delgado believes, is innately human.

"People tend to think they are better drivers than others," he said. "Providing objective data on how they compare to others is a proven way to motivate people toward a social norm. Also, prior studies have shown that those who engage in handheld phone use tend to have 'present bias' and place stronger weight on payoffs that are closer to the present time."

When broken down into time, the top achieving intervention -- the $7.15-per-week group -- lowered their phone usage by an average of 56 seconds per hour down from a baseline of 216 seconds per hour. When taking one's eyes off the road for 5 seconds increases the risk of crash ninefold, at scale, these interventions could reduce distracted driving by millions of hours per year.

This work continues research performed by Delgado into distracted driving dating back to 2016 (which led to a 2018 paper) and continues with further nudge data analysis. Future research includes testing interventions leveraging smartphone usage data that could help high-risk drivers build lasting habits.

"This line of work is promising because insurance companies already spend billions of dollars per year offering incentives for safe driving behaviors," said Delgado. "Rigorously testing strategies these companies can use to engage customers to be safer can help reduce crashes, save lives, and save money, and, importantly, be sustained through a strong business case."
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Strong evidence for intermediate-mass black hole in Omega Centauri | ScienceDaily
Most known black holes are either extremely massive, like the supermassive black holes that lie at the cores of large galaxies, or relatively lightweight, with a mass of under 100 times that of the Sun. Intermediate-mass black holes (IMBHs) are scarce, however, and are considered rare "missing links" in black hole evolution.


						
Now, an international team of astronomers has used more than 500 images from NASA's Hubble Space Telescope -- spanning two decades of observations -- to search for evidence of an intermediate-mass black hole by following the motion of seven fast-moving stars in the innermost region of the globular star cluster Omega Centauri.

These stars provide new compelling evidence for the presence of the gravitational pull from an intermediate-mass black hole tugging on them. Only a few other IMBH candidates have been found to date.

Omega Centauri consists of roughly 10 million stars that are gravitationally bound. The cluster is about 10 times as massive as other big globular clusters -- almost as massive as a small galaxy.

Among the many questions scientists want to answer: Are there any IMBHs, and if so, how common are they? Does a supermassive black hole grow from an IMBH? How do IMBHs themselves form? Are dense star clusters their favored home?

The astronomers have now created an enormous catalog for the motions of these stars, measuring the velocities for 1.4 million stars gleaned from the Hubble images of the cluster. Most of these observations were intended to calibrate Hubble's instruments rather than for scientific use, but they turned out to be an ideal database for the team's research efforts.

"We discovered seven stars that should not be there," explained Maximilian Haberle of the Max Planck Institute for Astronomy in Germany, who led this investigation. "They are moving so fast that they would escape the cluster and never come back. The most likely explanation is that a very massive object is gravitationally pulling on these stars and keeping them close to the center. The only object that can be so massive is a black hole, with a mass at least 8,200 times that of our Sun."

Several studies have suggested the presence of an IMBH in Omega Centauri. However, other studies proposed the mass could be contributed by a central cluster of stellar-mass black holes, and had suggested the lack of fast-moving stars above the necessary escape velocity made an IMBH less likely in comparison.




"This discovery is the most direct evidence so far of an IMBH in Omega Centauri," added team lead Nadine Neumayer of the Max Planck Institute for Astronomy in Germany, who initiated the study, together with Anil Seth from the University of Utah, Salt Lake City. "This is exciting because there are only very few other black holes known with a similar mass. The black hole in Omega Centauri may be the best example of an IMBH in our cosmic neighborhood."

If confirmed, at a distance of 17,700 light-years the candidate black hole resides closer to Earth than the 4.3-million-solar-mass black hole in the center of the Milky Way, located 26,000 light-years away.

Omega Centauri is visible from Earth with the naked eye and is one of the favorite celestial objects for stargazers living in the southern hemisphere. Located just above the plane of the Milky Way, the cluster appears almost as large as the full Moon when seen from a dark rural area. It was first listed in Ptolemy's catalog nearly 2,000 years ago as a single star. Edmond Halley reported it as a nebula in 1677. In the 1830s the English astronomer John Herschel was the first to recognize it as a globular cluster.
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Researchers listen to the hearts of bats in flight | ScienceDaily
Researchers from Konstanz have measured the heart rate of bats over several days in the wild, including complete flights -- the first time this has been done for a bat species. To record the heart rate of male common noctule bats during flight, the scientists attached heart rate transmitters weighing less than one gram to the animals, which they then accompanied in an airplane while the bats flew, sometimes for more than an hour, in search of food. Their results, published in Proceedings of the Royal Society B, show how much energy bats consume over the course of a day and what energy-saving strategies they use to survive.


						
Researchers from the Max Planck Institute of Animal Behavior (MPI-AB) and the University of Konstanz used a special method to study male common noctule bats, which are found throughout Europe. Their aim was to understand exactly how much energy bats consume during the day and how this changes over the course of the year.

"Bats are fascinating animals that often share their habitat with us humans," says Lara Keicher, the lead author of the study. "But bats are still shrouded in mystery. We don't yet have a clear answer to simple questions such as: How much food do they need and can they find enough of it in different seasons to survive?" To predict how bats will fare in a changing climate, Keicher says it is crucial to know their energy requirements.

Bats with heart rate transmitters

To find out, the scientists fitted bats with small heart rate transmitters weighing just 0.8 grams. As with humans, heart rate can be used to determine energy consumption. The transmitters, which the bats only wore for a few days, send out an audio signal of the bats' heartbeat, which is then recorded using a radio receiver. However, this only works if the receiver is within a few hundred meters from the bats.

"During the day, it was no problem to record the heart beats without major interruptions because bats were resting in tree caves or bat boxes," says Keicher, who carried out the study as part of her doctoral thesis at the University of Konstanz and the MPI-AB. At night, however, bats fly out to hunt insects and can cover several kilometers in a short time. In order to accompany the bats around the clock, including during their nocturnal flight, the researchers flew in a small airplane to follow individuals for entire flights lasting more than an hour. "I know that we surprised Konstanz locals when our small plane flew in circles over the island of Mainau late at night," recalls Keicher.

Awake during the day

The team, which also included members of the Swiss Institute for Snow and Avalanche Research and the University of Freiburg, found that the heart rate of bats reaches around 900 beats per minute during flight. According to Keicher, who analyzed the signal, "it sounded like a single high-pitched tone to our ears."




Using the unique recordings of heart beats, the scientists discovered fascinating strategies that bats use to budget their energy consumption in different seasons. They found that male common noctule bats consume up to 42% more energy in summer compared to spring. This is mainly due to the fact that the bats in spring go into a kind of short daytime hibernation known as "torpor" -- an energy-saving state in which heart rate can be reduced to six beats per minute. "We saw that bats in spring could ramp up their heart rates when they wake up, reaching the top speed of 900 beats per minute within only a few minutes," says Keicher.

The team was surprised that male bats did not use torpor in summer at all. Keicher explains: "In the warmer months, when food is plentiful, males stay awake during the day to invest energy in sperm production in order to be ready for mating in the autumn." To replenish the energy used up, the males hunt twice as long in summer as in spring and eat up to 33 June beetles or over 2500 mosquitoes in one night.

The results have provided insights into the energetic challenges of bats and their fascinating survival strategies. This understanding will allow better predictions of how increasingly extreme temperature fluctuations or changes in food availability will affect the animals' lives and potentially threaten them.

The senior author of the study, MPI-AB scientist Dina Dechmann, says: "All bat species are protected in Germany and some are threatened with extinction. Basic research that investigates the behavior of the animals and their adaptations to the environment can help us develop protective measures so that, for example, common noctule bats can continue to be seen in the night sky over Konstanz."
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Found with Webb: A potentially habitable icy world | ScienceDaily
A international team of astronomers led by Universite de Montreal has made an exciting discovery about the temperate exoplanet LHS 1140 b: it could be a promising "super-Earth" covered in ice or water.


						
When the exoplanet LHS 1140 b was first discovered, astronomers speculated that it might be a mini-Neptune: an essentially gaseous planet, but very small in size compared to Neptune. But after analyzing data from the James Webb Space Telescope (JWST) collected in December 2023 -- combined with previous data from other space telescopes such as Spitzer, Hubble and TESS -- scientists have come to a very different conclusion.

Located some 48 light-years from Earth in the constellation Cetus, LHS 1140 b appears to be one of the most promising exoplanets in its star's habitable zone, potentially harboring an atmosphere and even an ocean of liquid water. The results of this discovery by Universite de Montreal astronomers are available on ArXiv and will soon be published in The Astrophysical Journal Letters.

An exoplanet in the 'Goldilocks' Zone'

LHS 1140 b, an exoplanet orbiting a low-mass red dwarf star roughly one-fifth the size of the Sun, has captivated scientists due to it being one of the closest exoplanets to our Solar System that lies within its star's habitable zone. Exoplanets found in this "Goldilocks' Zone" have temperatures that would allow water to exist on them in liquid form  -- liquid water being a crucial element for life as we know it on Earth.

Earlier this year, researchers led by Charles Cadieux, a Ph.D. student at UdeM's Trottier Institute for Research on Exoplanets (iREx) supervised by professor Rene Doyon, reported new mass and radius estimates for LHS 1140 b with exceptional accuracy, comparable to those of the well-known TRAPPIST-1 planets: 1.7 times the size of Earth and 5.6 times its mass.

One of the critical questions about LHS 1140 b was whether it is a mini-Neptune type exoplanet (a small gas giant with a thick hydrogen-rich atmosphere) or a super-Earth (a rocky planet larger than Earth). This latter scenario included the possibility of a so-called "Hycean world" with a global liquid ocean enveloped by a hydrogen-rich atmosphere which would exhibit a distinct atmospheric signal that could be observed using the powerful Webb Telescope.




New insights from Webb data

Through an extremely competitive process, the team of astronomers obtained valuable "drector's discretionary time" (DDT) on Webb last December, during which two transits of LHS 1140 b were observed with the Canadian-built NIRISS (Near-Infrared Imager and Slitless Spectrograph) instrument. This DDT programme is only the second dedicated to the study of exoplanets in the nearly two years of Webb's operations, underscoring the importance and potential impact of these findings.

Analysis of these observations strongly excluded the mini-Neptune scenario, with tantalizing evidence suggesting exoplanet LHS 1140 b is a super-Earth that may even have a nitrogen-rich atmosphere. If this result is confirmed, LHS 1140 b would be the first temperate planet to show evidence of a secondary atmosphere, formed after the planet's initial formation.

Estimates based on all accumulated data reveal that LHS 1140 b is less dense than expected for a rocky planet with an Earth-like composition, suggesting that 10 to 20 per cent of its mass may be composed of water. This discovery points to LHS 1140 b being a compelling water world, likely resembling a snowball or ice planet with a potential liquid ocean at the sub-stellar point, the area of the planet's surface that would always be facing the system's host star due to the planet's expected synchronous rotation (much like the Earth's Moon).

"Of all currently known temperate exoplanets, LHS 1140 b could well be our best bet to one day indirectly confirm liquid water on the surface of an alien world beyond our Solar System," said Cadieux, lead author of the new study. "This would be a major milestone in the search for potentially habitable exoplanets."

Possible presence of an atmosphere and an ocean

While it is still only a tentative result, the presence of a nitrogen-rich atmosphere on LHS 1140 b would suggest the planet has retained a substantial atmosphere, creating conditions that might support liquid water. This discovery favors the water-world/snowball scenario as the most plausible.




Current models indicate that if LHS 1140 b has an Earth-like atmosphere, it would be a snowball planet with a vast "bull's-eye" ocean measuring about 4,000 kilometers in diameter, equivalent to half the surface area of the Atlantic Ocean. The surface temperature at the centre of this alien ocean could even be a comfortable 20 degrees Celsius.

LHS 1140 b's potential atmosphere and favorable conditions for liquid water make it an exceptional candidate for future habitability studies. This planet provides a unique opportunity to study a world that could support life, given its position in its star's habitable zone and the likelihood of its having an atmosphere that can retain heat and support a stable climate.

Several years of observation ahead

Confirming the presence and composition of LHS 1140 b's atmosphere and discerning between the snowball planet and bull's-eye ocean planet scenarios require further observations. The research team has emphasised the need for additional transit and eclipse measurements with the Webb Telescope, focusing on a specific signal that could unveil the presence of carbon dioxide. This feature is crucial for understanding the atmospheric composition and detecting potential greenhouse gases that could indicate habitable conditions on the exoplanet.

"Detecting an Earth-like atmosphere on a temperate planet is pushing Webb's capabilities to its limits -- it's feasible; we just need lots of observing time," said Doyon, who is also the principal investigator of the NIRISS instrument. "The current hint of a nitrogen-rich atmosphere begs for confirmation with more data. We need at least one more year of observations to confirm that LHS 1140 b has an atmosphere, and likely two or three more to detect carbon dioxide." According to Doyon, the Webb Telescope will likely have to observe this system at every possible opportunity for several years to determine whether LHS 1140 b has habitable surface conditions.

Given LHS 1140 b's limited visibility with Webb -- a maximum of only eight visits per year are possible -- astronomers will require several years of observations to detect carbon dioxide and confirm the presence of liquid water on the planet's surface.
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First local extinction in the US due to sea level rise, study suggests | ScienceDaily
The United States has lost its only stand of the massive Key Largo tree cactus in what researchers believe is the first local extinction of a species caused by sea level rise in the country.


						
The Key Largo tree cactus (Pilosocereus millspaughii) still grows on a few scattered islands in the Caribbean, including northern Cuba and parts of the Bahamas. In the United States, it was restricted to a single population in the Florida Keys, first discovered in 1992 and monitored intermittently since.

Salt water intrusion from rising seas, soil depletion from hurricanes and high tides, and herbivory by mammals had put significant pressure on the population. By 2021, what had been a thriving stand of about 150 stems was reduced to six ailing fragments, which researchers salvaged for off-site cultivation to ensure their survival.

"Unfortunately, the Key Largo tree cactus may be a bellwether for how other low-lying coastal plants will respond to climate change," said Jennifer Possley, director of regional conservation at Fairchild Tropical Botanic Garden and lead author on a study published Tuesday, July 9 that documents the population's decline.

Two closely related cacti negatively affected by environmental change

Comparatively little is known about Florida's rare cacti. Researchers initially stumbled upon the Key Largo tree cactus in an isolated mangrove forest, and for several years afterward, its identity remained uncertain. Most considered it to be a unique population of the similarly named Key tree cactus (Pilosocereus robinii), a federally endangered species that is present elsewhere in the Florida Keys.

The two cacti have a similar appearance. The stems of both shoot up perpendicular to the ground and can grow to be more than 20 feet tall. Both have cream-colored flowers that smell like garlic and reflect moonlight, attracting bat pollinators, while their bright red and purple fruit catch the eye of birds and mammals.




But there are key differences as well, which made Alan Franck, currently the herbarium collection manager at the Florida Museum of Natural History, suspect they were dealing with something unique on Key Largo.

"The most striking difference is the tuft of long, woolly hairs at the base of the flowers and fruits," Franck said. The hair is so thick, it can look as though the cactus is covered in drifts of snow. Spines of the Key Largo cactus are also twice as long as they are on the Key tree cactus.

In 2019, Franck confirmed that the Key Largo population was the first and only known instance of Pilosocereus millspaughii in the U.S.

By then, it was succumbing to some of the same environmental pressures that had plagued its relative, the Key tree cactus, over the last century. The latter was once common throughout the Florida Keys, but its numbers dipped dangerously low as more people moved to the area.

Writing in 1917, botanist John Small noted that the Key tree cactus "was for a long time very abundant [on Key West]...In recent years, with the destruction of the hammock for securing firewood and for developing building sites, this interesting cactus has become scarce, until at present it is on the verge of extermination in its natural habitat."

The Key tree cactus was listed as federally endangered in 1984, but its numbers continued to wane. Between 1994 and 2007, it decreased by 84%.




Researchers at Fairchild began monitoring all of the tree cactus populations annually in 2007, working in tandem with local land managers. One Fairchild-led study showed that salt levels were higher in soil beneath dead vs. living cacti in the years following a storm surge event in the Lower Keys, drawing a clear connection between mortality and increased salinity.

Researchers also initiated a robust conservation collection for these species. Potted cacti are grown at a facility in Coral Gables, Florida, and seeds from both wild and cultivated plants are carefully banked for long-term conservation.

Researchers study and rescue the remnants of a dwindling stock

The Key Largo tree cactus grew on a low limestone outcrop surrounded by mangroves near the shore. The site originally had a distinct layer of soil and organic matter that allowed the cactus and other plants to grow, but storm surge from hurricanes and exceptionally high tides eroded away this material until there wasn't much left.

Salt-tolerant plants that had been previously restricted to brackish soils beneath the mangroves slowly began creeping up the outcrop, an indication that salt levels were increasing.

Given enough time, these changing conditions would likely have killed the cactus. But other incidents occurred that hastened the pace.

"We noticed the first big problem in 2015," said study co-author James Lange, a research botanist at Fairchild. When he and his colleagues arrived to evaluate the plants that year, half of the cacti had died, apparently as a result of an alarming amount of herbivory. Cacti store reserves of water in their succulent stems, which allows them to survive for long periods of time without rain. This makes them enticing to animals when other sources of water are scarce.

"In 2011, we started seeing saltwater flooding from king tides in the area," Lange said, referring to particularly high ocean tides. "That limits the amount of freshwater available to small mammals and might be related to why the herbivores targeted this cactus, but we can't say for sure. We'd never seen cactus herbivory like this anywhere in the Lower Keys, where flooding has tended to be less extensive."

The team set out cameras in hopes of finding the culprit, but whatever it was did not return, and there was no evidence of significant herbivory thereafter. Yet, when the team came back the following year, roughly another 50% of the population had died. In response, staff from Fairchild and the Florida Department of Environmental Protection took a few cuttings of what remained to grow in greenhouses.

In 2017, category 5 Hurricane Irma swept across South Florida, creating a 5-foot storm surge. The highest point on Key Largo is only 15 feet above sea level, and large portions of the island remained flooded for days afterward. Once the storm had passed, the Fairchild team conducted triage with several cactus populations throughout the Keys, removing branches that had fallen on cacti and salvaging other ill-fated material. Conditions were so extreme that biologists had to put out kiddie pools of freshwater to keep local wildlife alive.

Exacerbating the already degrading Key Largo tree cactus habitat, king tides in 2019 left large portions of the island, including the extremely low-lying outcrop, flooded for over three months.

By 2021, there were only six Key Largo tree cactus stems left. As it was clear the population wasn't going to survive, the team allowed the plants to flower and fruit for the remainder of the year, then salvaged all remaining green material and replanted it in greenhouses or controlled settings outdoors. At present, researchers know of no naturally growing Key Largo cacti in the United States.

"We have tentative plans with the Florida Department of Environmental Protection to replant some in the wild," Possley said.

Similar efforts are responsible, in large part, for the continued existence of the related Key tree cactus in Florida. "The amount of reintroduced material of this species is already more than the amount of wild material that's left," Possley said.

But, she added, this may end up being more of a stopgap than a solution. Environments suitable for tree cacti are disappearing along with the plants they support. "It's generally a fringe between the mangroves and upland hammocks called thorn scrub, and there just aren't many places like that left where we can put reintroduced populations."

The decline of the Key Largo tree cactus and the necessity of its removal has given researchers an idea of what to expect in the future as species contend with a rapidly warming world. Instead of a smooth, predictable rise in sea or salt levels, the reality of climate change is messier and manifests itself in a complex series of related events that put additional pressure on species that are already stressed.

"We are on the front lines of biodiversity loss," said study co-author George Gann, executive director for the Institute for Regional Conservation. "Our research in South Florida over the past 25 years shows that more than one-in-four native plant species are critically threatened with regional extinction or are already extirpated due to habitat loss, over collecting, invasive species and other drivers of degradation. More than 50 are already gone, including four global extinctions."
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Groundbreaking study reveals oceanic seabirds chase tropical cyclones | ScienceDaily

"Initial studies suggested that seabirds either circumnavigate cyclones or seek refuge in the calm eye of the storm. However, the Desertas Petrels we tracked did neither; instead, one-third of them followed the cyclone for days, covering thousands of kilometers," stated Francesco Ventura, lead author and a Postdoc Investigator in Biology at the Woods Hole Oceanographic Institution (WHOI). "When we saw the data, we nearly fell off our chairs. This is the first time we have observed this behavior."

"It's striking how well the birds know how to exploit the large-scale wind conditions over the North Atlantic for their travels," said Caroline Ummenhofer, Associate Scientist, Physical Oceanography, at WHOI. "When you overlay the petrels' foraging trips on top of average winds, it's a very close match."

The Desertas Petrels nest on the Bugio Island in Portugal, located off the western coast of North Africa. This island hosts the only known nesting colony of these pigeon-sized seabirds in the world, with fewer than 200 pairs residing on a plateau surrounded by steep cliffs. During their six-month breeding season, Desertas Petrels embark on extraordinary foraging journeys, often spending weeks at sea and flying roundtrips up to 7,500 miles across the Atlantic in search of food. They belong to the genus Pterodroma, which means "wings on the run."

"We correlated the birds' locations with intensifying storm conditions, including waves up to 8 meters high and wind speeds of 100 kilometers per hour," said Ventura. "Upon encountering strong winds, the birds reduced ground speed, likely by spending less time in flight to avoid injury to their wings. In addition, the wakes of the storms provided predictably favorable wind conditions with higher tailwind support than alternative routes. Impressively, none of the birds we tracked were harmed by the storms and there was no incidence of nest desertion."

The petrels pursue small fish, squid, and crustaceans that typically dwell at depths of 600 to 3,000 feet. Since they cannot dive to such depths, these seabirds have to wait until nightfall when their prey ascends closer to the surface.

"As we've now discovered, Desertas Petrels follow hurricanes where prey have accumulated closer to the surface in the wakes of the storms," said Ummenhofer.




The study shows that cyclone wakes provided enhanced foraging conditions, with sharp drops in sea surface temperature and striking increases in surface chlorophyll. These changes suggest enhanced ocean mixing and productivity, which presumably increase prey abundance and accessibility for surface-feeding petrels.

"One of the interesting aspects of the interaction of a tropical cyclone and the ocean is the intense vertical mixing in the upper ocean layers caused by very strong winds and huge breaking seas," said Philip Richardson, Emeritus, Physical Oceanography at WHOI and a co-author on the paper. "The cyclonic winds can cause a divergence in the upper layer that moves cooler, deeper water toward the surface."

"The cyclones present a highly valuable foraging opportunity for Desertas Petrels because the storms churn up mesopelagic prey from deep within the vertical column, giving the seabirds an easy meal at the surface," explained Ventura. "While storms are typically seen as destructive, particularly in coastal areas, our research reveals that functional perturbance driven by storms can create new opportunities. We're advancing our understanding of how petrels navigate the open ocean to find food."

"We now have a fresh perspective on hurricanes' impact on marine ecosystems through the eyes of an apex predator," said Ummenhofer. "This study provides valuable insights into the resilience and foraging strategies of pelagic seabirds in the face of extreme weather events."

While cyclones are known to dramatically affect oceanic and coastal ecosystems, their impacts on pelagic marine life are poorly understood. This research reveals how higher predators like Desertas Petrels adapt their foraging strategies in the dynamic ocean environment and utilize cyclone-induced oceanographic changes to their advantage.

This research was made possible by the WHOI Postdoctoral Scholar Program with funding from the John E. Sawyer Fund and the John H. Steele Endowment and The Andrew W. Mellon Foundation Endowed Fund for Innovative Research at WHOI.
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Ancient large kangaroo moved mainly on four legs, according to new research | ScienceDaily
A type of extinct kangaroo that lived during the Pleistocene around two and a half million to ten thousand years ago, known as the 'giant wallaby', was a poor hopper, a study by scientists at the University of Bristol have found.


						
Several large key species of kangaroo, all bigger than modern kangaroos and known as Protemnodon, were previously assumed to have hopped, despite their size. However findings, published today in the Journal of Mammalian Evolution, show that they were mainly quadrupedal and likely used four legs to move around most of the time.

Lead author Billie Jones, a former Masters student in the Bristol Paleobiology programme explained: "There had been some speculation in a graduate thesis from the University of Uppsala that it might have been more quadrupedal in its habits compared to living kangaroos.

"This new paper draws on a couple of previous quantitative studies that looked at the anatomy of the humerus (upper arm bone) in a diversity of mammals, and concluded that Protemnodon habitually put more weight on its forelimbs than kangaroos today."

Previous research has shown that the ankle bones of Protemnodon were unsuited to withstand the stresses of hopping.

The team showed that the limb proportions of Protemnodon were quite unlike that of any living kangaroos, especially the short feet, backing up the proposal that it was mainly quadrupedal, rather than a dedicated hopper like living large kangaroos.

This new paper is a quantitative study of limb proportions, plus a more qualitative discussion of some other aspects of the anatomy, in an attempt to confirm the locomotion of this extinct animal.

This provides further evidence that the taxonomic diversity of large kangaroos in the Pleistocene of Australia was matched by a locomotor diversity. Supervisor Professor Christine Janis of Bristol's School of Earth Sciences had already shown that extinct sthenurines -- a separate subfamily of kangaroos -- were bipedal striders rather than hoppers. This locomotor diversity suggests a greater variety of habitats in the Australian Pleistocene than previously considered, with the continent not as arid as it is currently.

Professor Janis added: "A study of the limb bones, and the bone proportions to each other, show that the so-called extinct 'giant wallaby', Protemnodon, was likely a poor hopper at best, and probably moved mostly quadrupedally, perhaps bounding on all fours like tree-kangaroos do on the ground."

Billie Jones won both the David Dineley Prize and the Curry Prize for this thesis.
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Life underground suited newly discovered dinosaur fine | ScienceDaily
The age of dinosaurs wasn't conducted solely above ground. A newly discovered ancestor of Thescelosaurus shows evidence that these animals spent at least part of their time in underground burrows. The new species contributes to a fuller understanding of life during the mid-Cretaceous -- both above and below ground.


						
The new dinosaur, Fona [/Foat'NAH/] herzogae lived 99 million years ago in what is now Utah. At that time, the area was a large floodplain ecosystem sandwiched between the shores of a massive inland ocean to the east and active volcanoes and mountains to the west. It was a warm, wet, muddy environment with numerous rivers running through it.

Paleontologists from North Carolina State University and the North Carolina Museum of Natural Sciences unearthed the fossil -- and other specimens from the same species -- in the Mussentuchit Member of the Cedar Mountain Formation, beginning in 2013. The preservation of these fossils, along with some distinguishing features, alerted them to the possibility of burrowing.

Fona was a small-bodied, plant-eating dinosaur about the size of a large dog with a simple body plan. It lacks the bells and whistles that characterize its highly ornamented relatives such as horned dinosaurs, armored dinosaurs, and crested dinosaurs. But that doesn't mean Fona was boring.

Fona shares several anatomical features with animals known for digging or burrowing, such as large bicep muscles, strong muscle attachment points on the hips and legs, fused bones along the pelvis -- likely to help with stability while digging -- and hindlimbs that are proportionally larger than the forelimbs. But that isn't the only evidence that this animal spent time underground.

"The bias in the fossil record is toward bigger animals, primarily because in floodplain environments like the Mussentuchit, small bones on the surface will often scatter, rot away, or become scavenged before burial and fossilization," says Haviv Avrahami, Ph.D. student at NC State and digital technician for the new Dueling Dinosaurs program at the North Carolina Museum of Natural Sciences. Avrahami is first author of the paper describing the work.

"But Fona is often found complete, with many of its bones preserved in the original death pose, chest down with splayed forelimbs, and in exceptionally good condition," Avrahami says. "If it had already been underground in a burrow before death, it would have made this type of preservation more likely."

Lindsay Zanno, associate research professor at NC State, head of paleontology at the North Carolina Museum of Natural Sciences and corresponding author of the work, agrees.




"Fona skeletons are way more common in this area than we would predict for a small animal with fragile bones," Zanno says. "The best explanation for why we find so many of them, and recover them in small bundles of multiple individuals, is that they were living at least part of the time underground. Essentially, Fona did the hard work for us, by burying itself all over this area."

Although the researchers have yet to identify the subterranean burrows of Fona, the tunnels and chamber of its closest relative, Oryctodromeus, have been found in Idaho and Montana. These finds support the idea that Fona also used burrows.

The genus name Fona comes from the ancestral creation story of the Chamorro people, who are the indigenous populations of Guam and the Pacific Mariana Islands. Fo'na and Pontan were brother and sister explorers who discovered the island and became the land and sky. The species name honors Lisa Herzog, the paleontology operations manager at the North Carolina Museum of Natural Sciences, for her invaluable contributions and dedication to the field of paleontology.

"I wanted to honor the indigenous mythology of Guam, which is where my Chamorro ancestors are from," Avrahami says. "In the myth, Fo'na became part of the land when she died, and from her body sprung forth new life, which to me, ties into fossilization, beauty, and creation. Fona was most likely covered in a downy coat of colorful feathers. The species name is for Lisa Herzog, who has been integral to all this work and discovered one of the most exceptional Fona specimens of several individuals preserved together in what was likely a burrow."

Fona is also a distant relative of another famous North Carolina fossil: Willo, a Thescelosaurus neglectus specimen currently housed at the museum and also thought to have adaptations for a semifossorial -- or partially underground -- lifestyle, research that was published late in 2023 by Zanno and former NC State postdoctoral researcher David Button.

"T. neglectus was at the tail end of this lineage -- Fona is its ancestor from about 35 million years prior," Avrahami says.




The researchers believe Fona is key to expanding our understanding of Cretaceous ecosystems.

"Fona gives us insight into the third dimension an animal can occupy by moving underground," says Avrahami. "It adds to the richness of the fossil record and expands the known diversity of small-bodied herbivores, which remain poorly understood despite being incredibly integral components of Cretaceous ecosystems."

"People tend to have a myopic view of dinosaurs that hasn't kept up with the science," Zanno says. "We now know that dinosaur diversity ran the gamut from tiny arboreal gliders and nocturnal hunters, to sloth-like grazers, and yes, even subterranean shelterers."

The work appears in The Anatomical Record. Peter Makovicky of the University of Minnesota and Ryan Tucker of Stellenbosch University also contributed to the work.
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It takes a cool microscope and antifreeze to really look at ice | ScienceDaily
Ice in nature is surrounded by liquid most of the time, and therefore it is key to understand how ice and liquid interact. A Kobe University and Institute for Molecular Science study could now for the first time directly observe the precise shape of ice at the interface between ice and liquid -- by using antifreeze and a refrigerated microscope.


						
When we slide on ice, when snowflakes form, when we lick ice cream, the surface of the ice is always covered with liquid water, and understanding the interaction between the liquid water and the ice is vital to understanding the whole phenomenon. However, because ice and water quickly transform into each other, it has been impossible to directly observe the interface between the two.

To get closer to understanding how ice interacts with its surrounding liquid, researchers led by Kobe University's ONISHI Hiroshi decided to try the next best thing. He says: "We came up with the idea of measuring ice immersed in antifreeze colder than 0degC. This way, the ice doesn't melt and the interface doesn't move, and it should be possible to make precise observations." Even so, the researchers struggled to get good measurements of the ice. "Through various trial and error processes, we found that we had to cool the entire microscope system in a cooling box, and it took some ingenuity to ensure that the atomic force microscope, a precision measuring instrument, could operate stably at sub-zero temperatures," explains the Kobe University researcher.

In The Journal of Chemical Physics, the group now published their results. They found that, while ice without surrounding liquid features so-called "frost pillars" about 20 nanometers tall, in antifreeze the ice is perfectly flat with occasional steps only one molecular layer high. "We think that the flat surface is formed through ... partial dissolution and recrystallization of the ice surface in the 1-octanol liquid (the antifreeze)," the researchers write in the paper.

Onishi and his team also tried different liquids, all alcohols like 1-octanol. And even though all liquids they tried have similar properties, they observed that the ice surface looks different in each case, underscoring the importance of directly measuring the interface. In addition, they investigated the "hardness" of the ice surface under 1-octanol and found that the ice is much harder than previously estimated using less direct methods.

The researchers hope that their results will invite further study of the ice-liquid interface, but they have also set clear goals for their own future work saying: "We expect to increase the resolution of the microscope to single water molecules and use measurement methods other than atomic force microscopy. In this way, we hope to expand the range of possible applications of molecular-level measurements of the ice-antifreeze interface."

This research was funded by the Ministry of Education, Culture, Sports, Science and Technology Japan (grants JPMXP1222MS0008 and JPMXP1223MS0001) and the Japan Society for the Promotion of Science (grants 21K18935 and 23H05448). It was conducted in collaboration with researchers from the Institute for Molecular Science, National Institutes of Natural Sciences.
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Stench of a gas giant? Nearby exoplanet reeks of rotten eggs, and that's a good thing | ScienceDaily
An exoplanet infamous for its deadly weather has been hiding another bizarre feature -- it reeks of rotten eggs, according to a new Johns Hopkins University study of data from the James Webb Space Telescope.


						
The atmosphere of HD 189733 b, a Jupiter-sized gas giant, has trace amounts of hydrogen sulfide, a molecule that not only gives off a stench but also offers scientists new clues about how sulfur, a building block of planets, might influence the insides and atmospheres of gas worlds beyond the solar system.

The findings are published today in Nature.

"Hydrogen sulfide is a major molecule that we didn't know was there. We predicted it would be, and we know it's in Jupiter, but we hadn't really detected it outside the solar system," said Guangwei Fu, an astrophysicist at Johns Hopkins who led the research. "We're not looking for life on this planet because it's way too hot, but finding hydrogen sulfide is a stepping stone for finding this molecule on other planets and gaining more understanding of how different types of planets form."

In addition to detecting hydrogen sulfide and measuring overall sulfur in HD 189733 b's atmosphere, Fu's team precisely measured the main sources of the planet's oxygen and carbon -- water, carbon dioxide, and carbon monoxide.

"Sulfur is a vital element for building more complex molecules, and -- like carbon, nitrogen, oxygen, and phosphate -- scientists need to study it more to fully understand how planets are made and what they're made of," Fu said.

At only 64 light-years from Earth, HD 189733 b is the nearest "hot Jupiter" astronomers can observe passing in front of its star, making it a benchmark planet for detailed studies of exoplanetary atmospheres since its discovery in 2005, Fu said.




The planet is about 13 times closer to its star than Mercury is to the sun and takes only about two Earth days to complete an orbit. It has scorching temperatures of 1,700 degrees Fahrenheit and is notorious for vicious weather, including raining glass that blows sideways on winds of 5,000 mph.

As it did by detecting water, carbon dioxide, methane, and other critical molecules in other exoplanets, Webb gives scientists yet another new tool to track hydrogen sulfide and measure sulfur in gas planets outside the solar system.

"Say we study another 100 hot Jupiters and they're all sulfur enhanced. What does that mean about how they were born and how they form differently compared to our own Jupiter?" Fu said.

The new data also ruled out the presence of methane in HD 189733 b with unprecedented precision and infrared wavelength observations from the Webb telescope, countering previous claims about that molecule's abundance in the atmosphere.

"We had been thinking this planet was too hot to have high concentrations of methane, and now we know that it doesn't," Fu said.

The team also measured levels of heavy metals like those on Jupiter, a finding that could help scientists answer questions about how a planet's metallicity correlates to its mass, Fu said.




Less-massive giant icy planets like Neptune and Uranus contain more metals than those found in gas giants like Jupiter and Saturn, the largest planets in the solar system. The higher metallicities suggest Neptune and Uranus accumulated more ice, rock, and other heavy elements relative to gases like hydrogen and helium during early periods of formation. Scientists are testing whether that correlation also holds true for exoplanets, Fu said.

"This Jupiter-mass planet is very close to Earth and has been very well studied. Now we have this new measurement to show that indeed the metal concentrations it has provide a very important anchor point to this study of how a planet's composition varies with its mass and radius," Fu said. "The findings support our understanding of how planets form through creating more solid material after initial core formation and then are naturally enhanced with heavy metals."

In coming months, Fu's team plans to track sulfur in more exoplanets and figure out how high levels of that compound might influence how close they form near their parent stars.

"We want to know how these kinds of planets got there, and understanding their atmospheric composition will help us answer that question," Fu said.

This research was supported by NASA through the JWST GO program.

Other authors are Luis Welbanks, Dana R. Louie, and Michael Line of Arizona State University; Drake Deming, Jegug Ih, Arjun B. Savel, Eliza M.-R. Kempton, and Matt Nixon of University of Maryland; Julie Inglis and Heather A. Knutson of California Institute of Technology; Michael Zhang of University of Chicago; Joshua Lothringer of Utah Valley University; Julianne I. Moses and Gregory Henry of Tennessee State University; Everett Schlawin of University of Arizona; David K. Sing of Johns Hopkins; and Thomas Greene of NASA Ames Research Center.
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Fresh wind blows from historical supernova | ScienceDaily
A mysterious remnant from a rare type of supernova recorded in 1181 has been explained for the first time. Two white dwarf stars collided, creating a temporary "guest star," now labeled supernova (SN) 1181, which was recorded in historical documents in Japan and elsewhere in Asia. However, after the star dimmed, its location and structure remained a mystery until a team pinpointed its location in 2021. Now, through computer modeling and observational analysis, researchers have recreated the structure of the remnant white dwarf, a rare occurrence, explaining its double shock formation. They also discovered that high-speed stellar winds may have started blowing from its surface within just the past 20-30 years. This finding improves our understanding of the diversity of supernova explosions, and highlights the benefits of interdisciplinary research, combining history with modern astronomy to enable new discoveries about our galaxy.


						
It is the year 1181 and in Japan the Genpei War (1180-85) has recently begun. It will lead to a shift in political power from aristocratic families to the new military-based shogunate, which will establish itself in the coastal city of Kamakura near modern-day Tokyo. A record of this tumultuous period was compiled in a diary format in the Azuma Kagami. It chronicled not only people's lives and key events (with varying accuracy), but other daily observations, including the appearance of a new star.

"There are many accounts of this temporary guest star in historical records from Japan, China and Korea. At its peak, the star's brightness was comparable to Saturn's. It remained visible to the naked eye for about 180 days, until it gradually dimmed out of sight. The remnant of the SN 1181 explosion is now very old, so it is dark and difficult to find," explained lead author Takatoshi Ko, a doctoral student from the Department of Astronomy at the University of Tokyo.

The remnant of this guest star, labeled supernova remnant (SNR) 1181, was found to have been created when two extremely dense, Earth-sized stars, called white dwarfs, collided. This created a rare type of supernova, called a Type Iax supernova, which left behind a single, bright and fast-rotating white dwarf. Aided by observations on its position noted in the historical document, modern astrophysicists finally pinpointed its location in 2021 in a nebula towards the constellation Cassiopeia.

Due to its rare nature and location within our galaxy, SNR 1181 has been the subject of much observational research. This suggested that SNR 1181 is made up of two shock regions, an outer region and an inner one. In this new study, the research group analyzed the latest X-ray data to construct a theoretical computer model to explain these observations, and which has recreated the previously unexplained structure of this supernova remnant.

The main challenge was that according to conventional understanding, when two white dwarfs collide like this, they should explode and disappear. However, this merger left behind a white dwarf. The spinning white dwarf was expected to create a stellar wind (a fast-flowing stream of particles) immediately after its formation. However, what the researchers found was something else.

"If the wind had started blowing immediately after SNR 1181's formation, we couldn't reproduce the observed size of the inner shock region," said Ko. "However, by treating the wind's onset time as variable, we succeeded in explaining all of the observed features of SNR 1181 accurately and unraveling the mysterious properties of this high-speed wind. We were also able to simultaneously track the time evolution of each shock region, using numerical calculations."

The team was very surprised to find that according to their calculations, the wind may have started blowing only very recently, within the past 20-30 years. They suggest this may indicate that the white dwarf has started to burn again, possibly due to some of the matter thrown out by the explosion witnessed in 1181 falling back to its surface, increasing its density and temperature over a threshold to restart burning.

To validate their computer model, the team is now preparing to further observe SNR 1181 using the Very Large Array (VLA) radio telescope based in central New Mexico state in the U.S., and the 8.2 meter-class Subaru Telescope in the U.S. state of Hawaii.

"The ability to determine the age of supernova remnants or the brightness at the time of their explosion through archaeological perspectives is a rare and invaluable asset to modern astronomy," said Ko. "Such interdisciplinary research is both exciting and highlights the immense potential for combining diverse fields to uncover new dimensions of astronomical phenomena."
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